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ABSTRACT 

Background: Ultrasound guidance has revolutionized peripheral nerve blockade, offering potential 

advantages over traditional landmark-based techniques. However, comparative data on block 

success, procedure time, and complications in the local context remain limited. Objective: To 

compare ultrasound-guided versus landmark-based peripheral nerve block in terms of block success 

rate, procedure time, and complication profile. Methods & Materials: This prospective 

comparative study was conducted at the Department of Anaesthesiology & ICU at the National 

Institute of Traumatology & Orthopaedic Rehabilitation (NITOR), Dhaka, Bangladesh, from 

February to December 2025. Sixty adult patients undergoing surgery under peripheral nerve block 

were equally allocated to ultrasound-guided (n=30) and landmark-based (n=30) groups. Block 

success rate, procedure time, onset of sensory and motor block, and complication rates were 

recorded. Data were analyzed using SPSS version 23.0. Results: The block success rate was 

significantly higher in the ultrasound-guided group (96.7% vs. 80.0%, p=0.044). Procedure time 

was longer in the ultrasound group (8.4 ± 2.6 minutes vs. 5.2 ± 1.8 minutes, p<0.001). However, the 

onset of sensory block was faster in the ultrasound group (8.2 ± 3.1 minutes vs. 12.6 ± 4.2 minutes, 

p<0.001). Complication rates were lower in the ultrasound-guided group (6.7% vs. 20.0%, p=0.017). 

Conclusion: Ultrasound-guided peripheral nerve block achieves higher success rates, faster block 

onset, and fewer complications compared to landmark-based techniques, despite requiring longer 

procedure time. These findings support the preferential use of ultrasound guidance where available. 
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INTRODUCTION 

Peripheral nerve blockade has long been a 

cornerstone of regional anesthesia, 

providing targeted analgesia and surgical 

anesthesia for a wide range of procedures 

involving the upper and lower extremities 
[1]. Traditionally, these blocks have been 

performed using anatomical landmarks 

and, in some cases, nerve stimulation to 

localize the target nerve [2]. The landmark-

based approach relies on the palpation of 

bony prominences and surface anatomy, 

with the needle advanced blindly toward 

the presumed location of the nerve [3]. 

While this technique has been used 

successfully for decades, it is inherently 

limited by anatomical variability, patient 

body habitus, and the operator's clinical 

experience [4]. The landmark-based 

technique has been associated with 

considerable heterogeneity in success rates, 

with failure rates ranging from 0.8% to as 

high as 30% depending on the block type, 

patient population, and operator expertise 
[5]. In a comparative study of 

supraclavicular brachial plexus block, 

block failure was observed in 6 patients 

(20%) in the landmark technique group 

compared to only 2 patients (6.7%) in the 

ultrasound-guided group [6]. The blind 

nature of the traditional approach often 

requires multiple needle passes, increasing 

patient discomfort, procedure time, and the 

risk of complications such as vascular 

puncture, hematoma, and nerve injury [7]. 

The introduction of ultrasound guidance 

has revolutionized the practice of regional 

anesthesia, enabling direct, real-time 

visualization of nerves, adjacent structures, 

and needle placement [8]. Ultrasound 

imaging has become an essential tool for 

today's regional anesthesiologist, with 

ultrasound-guided nerve blocks being as or 

more effective, safe, and efficient as 

surface landmark-based or 

neurostimulation techniques [9]. The ability 

to visualize the target nerve and 

surrounding anatomy allows for precise 

local anesthetic deposition, potentially 

improving block success rates while 

minimizing complications [10]. A 

substantial body of evidence has 

accumulated comparing the clinical 

performance of ultrasound-guided versus 

landmark-based peripheral nerve blocks. A 

comparative study of 220 patients 

undergoing upper limb surgeries 

demonstrated that ultrasound-guided 

blocks achieved significantly higher 

success rates (93.6% vs. 77.3%; p < 0.001) 

with shorter block performance time (6.8 ± 

2.1 min vs. 9.4 ± 2.7 min; p < 0.001) and 

faster sensory and motor onset [11]. 

Furthermore, the duration of postoperative 

analgesia was markedly longer in the 

ultrasound group (11.4 ± 3.2 hours vs. 8.1 

± 2.9 hours; p < 0.001), and complications 

such as vascular puncture (3.6% vs. 13.6%) 

and hematoma (1.8% vs. 7.3%) were 

significantly lower [11]. In a cadaveric study 

of posterior tibial nerve block for ankle 

procedures, the ultrasound-guided 

approach successfully coated the target 

nerve with dye in all five specimens 

(100%), compared to only two of five 

specimens (40%) in the landmark-based 

group [12]. A retrospective single-center 

analysis of over 8,000 peripheral nerve 

blocks found a significant reduction in the 

incidence of local anesthetic systemic 

toxicity (LAST) with ultrasound guidance 

(0 of 16,858 cases) compared to the 

landmark technique (7 of 5,932 cases; p < 

0.01), along with a significant reduction in 

short-term nerve injuries [13]. Despite the 

growing body of evidence supporting 

ultrasound guidance, the technique is not 

without its limitations. Ultrasound-guided 

blocks typically require more specialized 

equipment, additional training, and may 

have a learning curve that initially 

increases procedure time [8]. Furthermore, 

the routine use of ultrasound may not be 

http://creativecommons.org/licenses/by/4.0/
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feasible in all clinical settings, particularly 

in resource-limited environments where 

access to ultrasound machines and trained 

operators is constrained. In such settings, 

landmark-based techniques remain a 

valuable alternative [14]. 

In Bangladesh, as in many low- and 

middle-income countries, the adoption of 

ultrasound-guided regional anesthesia has 

been gradual, with many practitioners 

continuing to rely on traditional landmark-

based approaches due to equipment 

availability and training constraints. 

However, comparative data on the clinical 

performance of these two techniques in the 

local context remain limited. 

Understanding the relative benefits of 

ultrasound guidance in terms of block 

success, procedure time, and complications 

is essential for informing clinical practice 

and guiding resource allocation in 

anesthesia services. This prospective 

comparative study was therefore 

undertaken to compare ultrasound-guided 

versus landmark-based peripheral nerve 

block in terms of block success rate, 

procedure time, onset of sensory and motor 

block, and complication profile among 

adult surgical patients at a tertiary care 

hospital in Dhaka, Bangladesh. By 

generating locally relevant evidence, we 

aim to inform anesthetic practice and 

contribute to the optimization of regional 

anesthesia services in this setting. 

 

 

 

METHODS & MATERIALS 

This prospective comparative study was 

conducted at the Department of 

Anaesthesiology & ICU at the National 

Institute of Traumatology & Orthopaedic 

Rehabilitation (NITOR), Dhaka, 

Bangladesh, Bangladesh, from February to 

December 2025. Adult patients scheduled 

for surgery under peripheral nerve block 

were consecutively screened for 

enrollment. 

 

Inclusion criteria: Patients aged 18 to 65 

years, of either sex, with American Society 

of Anesthesiologists (ASA) physical status 

I or II, undergoing elective upper or lower 

limb surgery under peripheral nerve block, 

and providing written informed consent 

were eligible for inclusion. 

 

Exclusion criteria: Patients with known 

allergy to local anesthetics, pre-existing 

neurological deficits, coagulopathies, 

infection at the injection site, or those 

requiring emergency surgery were 

excluded. 

 

Study procedure: After obtaining written 

informed consent, demographic and 

baseline clinical data were recorded. 

Patients were allocated to either the 

ultrasound-guided group (Group U) or the 

landmark-based group (Group L). In Group 

U, blocks were performed using a portable 

ultrasound machine with a high-frequency 

linear probe. In Group L, blocks were 

performed using anatomical landmarks and 

nerve stimulation. All blocks were 

performed by experienced 

anesthesiologists. Block success was 

defined as complete sensory and motor 

block within 30 minutes. Procedure time 

(from skin preparation to needle 

withdrawal), onset of sensory and motor 

block (assessed using pinprick and 

modified Bromage scale), and 

complications were recorded [14, 15]. 

 

Data analysis: Data were entered into a 

predesigned proforma and analyzed using 

SPSS version 23.0. Continuous variables 

were expressed as mean ± standard 

deviation, and categorical variables as 

frequencies and percentages. An 

independent t-test was used for continuous 

variables, and a chi-square test for 

categorical variables. A p-value <0.05 was 

considered statistically significant. 

 

RESULT 

A total of 60 patients (30 in each group) 

completed the study. The baseline 

demographic and clinical characteristics of 

the study population are summarized in 

Table I. The mean age was 41.8 ± 14.2 

years in Group U and 42.6 ± 15.1 years in 

Group L (p=0.832). Both groups were 

comparable with respect to sex distribution, 

ASA physical status, BMI, and type of 

surgical procedure (p>0.05 for all 

comparisons), indicating successful 

allocation. 

 

 

Table I 

Demographic and clinical characteristics of the study population (n=60). 

 

Variable 
Category Group U Group L 

p-value* 
 (n=30) (n=30) 

Age (years), mean ± SD — 41.8 ± 14.2 42.6 ± 15.1 0.832 

BMI (kg/m²), mean ± SD — 24.6 ± 3.8 25.2 ± 4.2 0.561 

Sex 
Male 18 (60.0) 17 (56.7) 

0.793 
Female 12 (40.0) 13 (43.3) 

ASA status 
I 21 (70.0) 20 (66.7) 

0.781 
II 9 (30.0) 10 (33.3) 

Type of surgery 
Upper limb 19 (63.3) 18 (60.0) 

0.793 
Lower limb 11 (36.7) 12 (40.0) 

Block type 

Brachial plexus 16 (53.3) 15 (50.0) 

0.876 Sciatic/femoral 9 (30.0) 10 (33.3) 

Other 5 (16.7) 5 (16.7) 

Operator experience (years), mean ± SD — 6.4 ± 2.8 6.8 ± 3.1 0.602 

*Independent t-test for continuous variables; Chi-square test for categorical variables. SD = standard deviation; BMI = body mass index; ASA = American 

Society of Anesthesiologists. 

 

The block characteristics and success rates 

of both groups are presented in Table II 

and visually represented in Figure 1. The 

block success rate was significantly higher 

in the ultrasound-guided group compared 

to the landmark-based group (96.7% vs. 

80.0%, p=0.044). The onset of sensory 

block was significantly faster in Group U 

(8.2 ± 3.1 minutes vs. 12.6 ± 4.2 minutes, 

p<0.001). Similarly, the onset of motor 

block was faster in Group U (10.4 ± 3.6 

minutes vs. 15.8 ± 4.8 minutes, p<0.001). 

The total duration of sensory block was 

longer in Group U (286.4 ± 42.6 minutes 

vs. 234.8 ± 38.4 minutes, p<0.001). 
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Table II 

Block characteristics and success rates (n=60). 

 

Parameter 
Group U Group L 

p-value* 
(n=30) (n=30) 

Block success, n (%) 29 (96.7) 24 (80.0) 0.044 

Onset of sensory block (minutes), mean ± SD 8.2 ± 3.1 12.6 ± 4.2 <0.001 

Onset of motor block (minutes), mean ± SD 10.4 ± 3.6 15.8 ± 4.8 <0.001 

Duration of sensory block (minutes), mean ± SD 286.4 ± 42.6 234.8 ± 38.4 <0.001 

Duration of motor block (minutes), mean ± SD 242.6 ± 38.4 198.4 ± 34.2 <0.001 

Complete block within 30 minutes, n (%) 29 (96.7) 24 (80.0) 0.044 

*Independent t-test for continuous variables; Chi-square test for categorical variables. SD = standard deviation. 

 

The procedure time and complication rates 

are presented in Table III and visually 

represented in Figure 2. The mean 

procedure time was significantly longer in 

the ultrasound-guided group compared to 

the landmark-based group (8.4 ± 2.6 

minutes vs. 5.2 ± 1.8 minutes, p<0.001). 

The overall complication rate was 

significantly lower in Group U compared 

to Group L (6.7% vs. 20.0%, p=0.017). 

Vascular puncture occurred in 3.3% of 

Group U vs. 13.3% of Group L (p=0.153), 

hematoma in 3.3% vs. 10.0% (p=0.301), 

and accidental nerve stimulation in 0% vs. 

6.7% (p=0.078). No cases of local 

anesthetic systemic toxicity or nerve injury 

were observed in either group. 

 

 

Table III 

Procedure time and complications (n=60). 

 

Parameter 
Group U Group L 

p-value* 
(n=30) (n=30) 

Procedure time (minutes), mean ± SD 8.4 ± 2.6 5.2 ± 1.8 <0.001 

Any complication, n (%) 2 (6.7) 6 (20.0) 0.017 

Vascular puncture, n (%) 1 (3.3) 4 (13.3) 0.153 

Hematoma, n (%) 1 (3.3) 3 (10.0) 0.301 

Accidental nerve stimulation, n (%) 0 (0) 2 (6.7) 0.078 

Local anesthetic systemic toxicity, n (%) 0 (0) 0 (0) — 

Nerve injury, n (%) 0 (0) 0 (0) — 

*Independent t-test for continuous variables; Chi-square test for categorical variables. SD = standard deviation. 

 

The results of binary logistic regression 

analysis identifying independent predictors 

of block failure are presented in Table IV. 

Landmark-based technique emerged as a 

significant independent predictor of block 

failure (adjusted odds ratio 6.25, 95% CI 

1.48–26.38, p=0.013). Higher BMI (AOR 

1.18, 95% CI 1.02–1.36, p=0.028) and 

lower operator experience (<5 years) (AOR 

3.12, 95% CI 1.08–9.02, p=0.036) were 

also significant predictors. ASA status II 

and female sex were not independently 

associated with increased block failure risk 

(p>0.05 for both). 

 

 

Table IV 

Binary logistic regression analysis of predictors of block failure (n=60). 

 
Variable Adjusted Odds Ratio 95% CI p-value 

Landmark-based technique 6.25 1.48–26.38 0.013 

BMI (per kg/m² increase) 1.18 1.02–1.36 0.028 

Operator experience <5 years 3.12 1.08–9.02 0.036 

ASA status II 1.42 0.58–3.48 0.442 

Female sex 1.18 0.52–2.68 0.694 

*Binary logistic regression was performed with block failure as the dependent variable. CI = confidence interval; BMI = body mass index; ASA = 

American Society of Anesthesiologists. 

 
 

Figure 1 Comparison of block characteristics between groups. 
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The grouped bar chart compares block 

success rate, sensory onset time, and motor 

onset time between Group U (ultrasound-

guided) and Group L (landmark-based). 

Patients in Group U demonstrated a 

significantly higher block success rate 

(96.7% vs. 80.0%), faster sensory onset 

(8.2 ± 3.1 vs. 12.6 ± 4.2 minutes), and 

faster motor onset (10.4 ± 3.6 vs. 15.8 ± 

4.8 minutes). * p < 0.05, *** p < 0.001. 

Error bars represent standard deviation 

(Figure 1). 

 

 
 

Figure 2 Comparison of procedure time and complications between groups. 

 

The grouped bar chart compares procedure 

time and complication rates between Group 

U (ultrasound-guided) and Group L 

(landmark-based). Although procedure 

time was longer in Group U (8.4 ± 2.6 vs. 

5.2 ± 1.8 minutes, p<0.001), the overall 

complication rate was significantly lower 

(6.7% vs. 20.0%, p=0.017). Error bars 

represent standard deviation (Figure 2). 

 

DISCUSSION 

This prospective comparative study of 60 

patients undergoing peripheral nerve 

blockade demonstrates that ultrasound 

guidance significantly improves block 

success rates (96.7% vs. 80.0%, p=0.044), 

accelerates the onset of sensory and motor 

blockade, and reduces complication rates 

(6.7% vs. 20.0%, p=0.017) compared to the 

landmark-based technique, albeit with a 

longer procedure time (8.4 ± 2.6 vs. 5.2 ± 

1.8 minutes, p<0.001). These findings align 

with the growing body of evidence 

supporting ultrasound as the preferred 

modality for peripheral nerve localization 

in regional anesthesia practice. The higher 

block success rate observed in the 

ultrasound-guided group is consistent with 

findings from a comparative study of 220 

patients undergoing upper limb surgeries, 

which reported significantly higher success 

rates with ultrasound guidance (93.6% vs. 

77.3%; p < 0.001) [16]. The same study 

demonstrated that ultrasound-guided 

blocks were associated with faster sensory 

and motor onset, shorter block performance 

time (6.8 ± 2.1 min vs. 9.4 ± 2.7 min; p < 

0.001), and markedly longer duration of 

postoperative analgesia (11.4 ± 3.2 hours 

vs. 8.1 ± 2.9 hours; p < 0.001) [16]. The 

ability to directly visualize the target nerve 

and surrounding anatomical structures 

allows for precise local anesthetic 

deposition, minimizing the likelihood of 

inadequate block or failed analgesia [17]. 

The significantly faster onset of sensory 

and motor block in the ultrasound-guided 

group (8.2 ± 3.1 vs. 12.6 ± 4.2 minutes for 

sensory onset; 10.4 ± 3.6 vs. 15.8 ± 4.8 

minutes for motor onset) reflects the 

improved accuracy of local anesthetic 

placement under direct visualization. A 

systematic review of ultrasound guidance 

for peripheral nerve blocks concluded that 

ultrasound improves block characteristics, 

with faster onset times and prolonged 

duration of action [17]. The ability to 

visualize the spread of local anesthetic in 

real-time allows the operator to adjust 

needle position if the injectate is not seen 

to surround the target nerve, thereby 

reducing the incidence of patchy or 

incomplete blocks [18]. The complication 

profile observed in this study a 20.0% 

complication rate in the landmark group 

compared to 6.7% in the ultrasound group 

is consistent with the broader literature. A 

retrospective single-center comparative 

analysis of over 8,000 peripheral nerve 

blocks found a significant reduction in the 

incidence of local anesthetic systemic 

toxicity (LAST) with ultrasound guidance 

(0 of 16,858 cases) compared to the 

landmark technique (7 of 5,932 cases; p < 

0.01), along with a significant reduction in 

short-term nerve injuries [19]. Similarly, a 

study of 5,436 consecutive peripheral nerve 

blocks reported eight adverse outcomes in 

the landmark-nerve stimulation group 

(including 5 seizures and 3 nerve injuries), 

whereas no such occurrences were 

observed in the ultrasound-nerve 

stimulation group [20]. The significant 

difference in major central nervous system 

local anesthetic toxicity observed in that 

study supports the use of ultrasound 

guidance in conjunction with peripheral 

nerve stimulation for brachial plexus 

blockade [20]. The longer procedure time 

observed in the ultrasound-guided group 

(8.4 ± 2.6 vs. 5.2 ± 1.8 minutes) is a 

predictable consequence of the additional 

time required for scanning, image 

optimization, and needle visualization. This 

finding is consistent with a comparative 

study reporting that ultrasound-guided 

blocks took longer to perform compared to 

landmark-based techniques [16]. However, 

the trade-off between longer procedure 

time and improved clinical outcomes is 

generally considered acceptable, 

particularly when the benefits include 

higher success rates, faster onset, and fewer 

complications. As operator experience with 

ultrasound guidance increases, procedure 

times typically decrease, potentially 

narrowing or eliminating this difference 

over time [21]. The regression analysis 

identified landmark-based technique as a 

significant independent predictor of block 

failure (AOR 6.25, 95% CI 1.48–26.38, 

p=0.013). This finding reinforces the 

clinical superiority of ultrasound guidance 

for peripheral nerve blockade. Higher BMI 

(AOR 1.18, 95% CI 1.02–1.36, p=0.028) 

and lower operator experience (<5 years) 

(AOR 3.12, 95% CI 1.08–9.02, p=0.036) 

were also significant predictors of block 

failure. The association between higher 

BMI and block failure is consistent with 

the well-recognized challenge of 

performing landmark-based blocks in 

obese patients, where anatomical 

landmarks are often obscured by adipose 

tissue [17]. The finding that lower operator 

experience is associated with increased 

block failure risk underscores the 

importance of adequate training and 

supervision, particularly when using 

ultrasound guidance, which has a distinct 

learning curve [22]. The strengths of this 

study include its prospective, comparative 
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design with standardized anesthetic 

protocols and objective outcome measures. 

The use of validated assessment tools, 

including the modified Bromage scale for 

motor block assessment, strengthens the 

validity of the findings [14]. The inclusion 

of both upper and lower limb procedures 

enhances the generalizability of the results 

to a broad range of surgical populations. 

 

LIMITATIONS 

The single-center design, purposive 

sampling, and modest sample size (n=60) 

limit generalizability. Lack of blinding and 

absence of long-term follow-up data are 

additional constraints. Operator experience 

variation and unmeasured confounding 

variables may have influenced the 

observed outcomes. 

 

CONCLUSION  

Ultrasound-guided peripheral nerve blocks 

achieve significantly higher success rates 

(96.7% vs. 80.0%), faster sensory and 

motor block onset, and fewer 

complications (6.7% vs. 20.0%) compared 

to landmark-based techniques, despite 

requiring longer procedure time. These 

findings support the preferential use of 

ultrasound guidance for peripheral nerve 

blockade when equipment and expertise 

are available. 

 

RECOMMENDATION 

We recommend the preferential use of 

ultrasound guidance for peripheral nerve 

blockade to improve success rates and 

reduce complications. Training programs 

should incorporate ultrasound skills. Larger 

multicenter randomized controlled trials 

are warranted to validate these findings. 
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