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Abstract 

 
Introduction:  Caudal blockade remains a widely utilized 
regional anesthetic technique in pediatric practice, 
employed both for the provision of surgical anesthesia and 
for the management of perioperative pain. Caudal block is 
a safe and easily administered regional technique in 
children, associated with low postoperative pain scores. 
When combined with general anesthesia, it reduces the 
need for inhaled medications, opioids, improved 
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postoperative analgesia, and more rapid endotracheal 
tube removal. Historically, the landmark-guided approach 
has served as the standard method for this block, offering 
ease of performance and acceptable efficacy, albeit with 
recognized complications including unintentional dural 
perforation and vascular injection. Ultrasound-guided 
caudal blockade, by contrast, is associated with superior 
success rates and a lower incidence of these 
complications.  
 
Materials and Methods:  This narrative review synthesizes 
evidence comparing ultrasound-guided and landmark-
based techniques for caudal block in pediatric patients, 
with respect to success rate, safety, and complications.  
 
Results:  Current clinical data and meta-analyses indicate 
that while overall success rates can be high for both, 
ultrasound offers significant advantages in precision. 
Ultrasound consistently results in a higher first-puncture 
success rate and a reduced number of needle 
manipulations. Regarding safety real-time visualization 
significantly lowers the risk of vascular punctures, 
accidental dural punctures, and rectal perforation. Clinical 
considerations highlight that ultrasound is especially 
beneficial for patients with obesity or anatomical 
anomalies where palpable landmarks are unreliable. 
Although the landmark technique is sometimes faster by a 
matter of seconds, the immediate confirmation of 
injectate spread provided by ultrasound enhances overall 
reliability.  
    
Conclusion: ultrasound provides superior accuracy and 
safety, supporting its routine use to optimize pediatric 
anesthetic outcomes. 
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Introduction 
Anesthesia is indispensable to 

contemporary surgical practice, facilitating 

complex, life-preserving interventions that 

would otherwise be insufferable. Its 

primary objective is to achieve a 

controlled, reversible state of sensory 

ablation while safeguarding patient well-

being, comfort, and operative conditions.1 

Recent decades have brought substantial 

progress to pediatric anesthesia, yet 

perioperative pain management in children 

continues to represent a significant clinical 

challenge.2-3 Effective pain management 

enhances patient well-being, promotes 

early ambulation, diminishes the incidence 

of perioperative adverse events, and 

expedites the restoration of functional 

status.4 Caudal epidural analgesia is one of 

the most frequently utilized regional 

anesthesia techniques in children, 

especially for infra-umbilical and lower 

limb procedures.5-6 Its clinical popularity is 

underpinned by procedural simplicity, 

predictable anesthetic spread, and effective 

analgesia across the intraoperative and 

postoperative periods.7-8 General 

anesthesia combined with caudal block 

could reduce opioid consumption, enable 

earlier tracheal extubation, and facilitate  

 

 
the resumption of spontaneous 

ventilation.9-10 

Traditionally, regional anesthesia has been 

performed using anatomical landmark-

based techniques.11-12 These techniques 

utilize surface landmarks and tactile 

feedback, including the classic "pop" felt 

when piercing the sacrococcygeal 

ligament, to guide needle insertion.11-13 

While widely practiced, landmark 

techniques are associated with variability 

in success rates and a higher incidence of 

complications such as nerve injury and 

vascular puncture.11-12 However, the 

pediatric sacral hiatus is small, shallow, 

and subject to significant anatomical 

variability, which makes the blind 

approach challenging.14 Consequently, 

landmark techniques are associated with 

failure rates reported between 4% and 25% 

and a higher incidence of complications, 

such as accidental dural puncture and 

vascular injection.15 

The advent of ultrasound-guided regional 

anesthesia (UGRA) has revolutionized this 

field.16-17 Ultrasound allows direct 

visualization of nerves, surrounding 

structures, and needle trajectory, thereby 

improving accuracy and reducing 

complications.16-18 Studies have shown that 

 

 
  

 

UGRA increases block success rates, and 

decreases onset time and local anesthetic 

volume requirements.10-18 

This narrative review aims to synthesize 

and critically appraise the evidence 

comparing ultrasound-guided and 

landmark-based caudal epidural block in 

children. Beyond reporting success rates 

and complications, this review seeks to 

identify the specific clinical scenarios 

including obesity, anatomical variability, 

and young infancy, in which ultrasound 

offers clinically meaningful advantages.It 

ultimately provides a practical, evidence-

based framework to guide technique 

selection and optimize perioperative 

outcomes. 

 

Materials and Methods 
This review was conducted using a 

structured literature search strategy. 

Electronic searches were performed in 

PubMed, Scopus, and Google Scholar up to 

2026 for relevant literature. Search terms 

were used alone or in combination and 

included "ultrasound," "caudal block," 

"pediatric," "children," "landmark 

technique," "success rate," and "safety". 

Peer-reviewed articles were considered, 

including randomized controlled trials, 

observational studies, systematic and 

narrative reviews, meta-analyses, and 

relevant preclinical mechanistic studies. 

Studies were excluded if they focused 

solely on adult populations and were not 

available in English. As this was a narrative 

review, no formal risk-of-bias assessment 

or quantitative synthesis was performed. 

 

Result 
The results of various studies are as 

follows:  

The conventional landmark technique 

The blind nature of the procedure 

The conventional landmark (LM) 

technique for caudal epidural block (CEB) 

is a blind procedure that has been the 

cornerstone of pediatric regional anesthesia 

for decades.11 It relies on the identification 

of superficial surface anatomy, specifically 

the sacral cornua and the sacral hiatus, 

which form an equilateral triangle with the 

posterior superior iliac spines in older 

children.19 The primary tactile endpoint for 

successful entry into the caudal space is the 

characteristic "pop" or "give-way" 

sensation felt as the needle pierces the 

sacrococcygeal ligament. Once this "pop" 

is detected, the needle is typically 

redirected at a lower angle (20–30 degrees) 

and advanced 2–3 mm into the sacral 
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canal.11 Because this method is inherently 

subjective, clinicians must rely on the 

absence of blood or cerebrospinal fluid 

(CSF) on aspiration and negative "whoosh" 

or "swoosh" tests to infer correct needle 

placement.11-15 This reliance on tactile 

feedback is particularly challenging in 

children due to their soft connective 

tissues, which can limit the distinctiveness 

of the loss-of-resistance sensation.19 

Defining success and failure 

Success in landmark-based CEB is 

traditionally defined by clinical indicators 

rather than direct visualization.15 The most 

common definition of a successful block is 

the absence of a significant hemodynamic 

response, such as a >15-20% increase in 

heart rate or blood pressure, to surgical 

incision, as well as low postoperative pain 

scores on scales like EVENDOL or Wong-

Baker FACES.20-21 While overall success 

rates for the LM technique can reach up to 

96% in some series, other studies report 

failure rates ranging from 4% to 25%.22 

High failure rates are often associated with 

anesthesiologist experience; studies on 

learning curves indicate that residents may 

require at least 32 supervised procedures to 

achieve a consistent 80% success rate.23 

Furthermore, a prospective analysis using 

ultrasound to verify blind placement found 

that providers incorrectly judged the needle 

to be in the caudal space in approximately 

21.1% of cases.24 

Safety profile and specific complications 

Despite its utility, the blind nature of the 

LM technique presents a specific spectrum 

of risks, often referred to as the "Big Three" 

complications: 

Accidental Dural Puncture: This risk is 

significantly higher in neonates and young 

infants because the dural sac terminates at 

a lower level (S3–S4 at birth) compared to 

older children and adults (S2).11 If the 

needle is advanced more than a few 

millimeters past the sacrococcygeal 

ligament, there is a substantial risk of 

accidental subarachnoid injection, which 

can lead to life-threatening total spinal 

anesthesia and subsequent apnea.25 

Intravascular Injection: The pediatric 

sacral canal contains a rich epidural venous 

plexus that also terminates low, often 

around the S4 level in infants.11 Landmark-

based techniques have reported vascular 

puncture (blood tap) rates as high as 11% 

to 23.8%.12 Such inadvertent punctures 

increase the risk of local anesthetic 

systemic toxicity (LAST), a grave concern 
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in small children with immature metabolic 

pathways.11 

Bony Contact and Rectal Perforation: 

Misdirection of the needle can lead to 

frequent bony contact, reported in 24.1% of 

landmark cases, which may cause trauma 

to the ossification nuclei of the sacrum.12 A 

rare but catastrophic risk involves the 

needle being directed anteriorly through 

the sacrococcygeal membrane into the 

pelvis, potentially resulting in rectal 

perforation or pelvic organ injury.12, 26 

Real-time imaging is critical to avoid these 

misadventures, particularly in children 

with obesity or anatomical anomalies 

where palpable landmarks are indistinct.12, 

27 

Ultrasound-Guided Caudal Block 

The transition from the conventional 

landmark technique to UGRA represents a 

shift from a blind, tactile-based procedure 

to one based on direct, real-time 

visualization.27-28 Ultrasound provides 

critical anatomical information that 

standard palpation cannot, such as the exact 

distance from the skin to the epidural space, 

the presence of anatomical variations, and 

the immediate behavior of the injectate 

within the sacral canal.12, 27 

Sonographic anatomy: The "Frog-Eye 

Sign" and landmarks 

The pediatric sacrum remains largely 

cartilaginous, providing an excellent 

acoustic window for ultrasound waves to 

penetrate and visualize internal 

structures.29-30 In the transverse (short-axis) 

view, the two sacral cornua appear as two 

prominent hyperechoic (bright) structures, 

which together with the underlying sacral 

bone form the characteristic frog-eye sign 

or frog's face sign. Spanning between these 

cornua is the sacrococcygeal ligament 

(SCL), which appears as a distinct 

hyperechoic band or hump.29, 31 

Immediately deep to the SCL is an 

anechoic (black) space representing the 

sacral hiatus, the gateway to the caudal 

epidural space.11, 29 

In the longitudinal (long-axis) view, the 

SCL is visualized as a thick linear 

hyperechoic structure covering the 

anechoic caudal space.29 The sacral 

vertebrae appear as a series of curved 

hyperechoic lines, and in infants, the 

termination of the dural sac and the conus 

medullaris can be clearly identified within 

the canal.30 
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Primary technical approaches Two primary 

methods are utilized for performing 

ultrasound-guided caudal blocks: 

Real-Time In-Plane Technique: This is 

the most widely recommended method for 

maximizing safety.32 The ultrasound probe 

is typically oriented longitudinally between 

the sacral cornua. The needle is inserted in-

plane with the ultrasound beam, allowing 

the clinician to visualize the entire needle 

path, including the tip as it pierces the SCL 

and enters the caudal epidural space.33 This 

method is most associated with improved 

safety outcomes because it allows for 

precise needle placement while ensuring 

the tip does not advance too far cephalad, 

thereby avoiding inadvertent dural or 

vascular puncture.32-33 

Out-of-Plane Technique (Surrogate 

Guidance): In this approach, ultrasound is 

used as a preprocedural tool to identify 

landmarks and measure the depth to the 

sacral hiatus from the skin surface.33 Once 

the landmarks are marked and the depth is 

confirmed, the puncture is performed using 

the conventional technique. While less 

precise than real-time guidance, this 

method serves as a valuable bridge for 

difficult anatomy, such as in obese patients 

where surface landmarks are impalpable.34-

35 

Confirmation of correct injection: shifting 

the paradigm 

The critical advantage of ultrasound is the 

shift from subjective clinical impressions, 

such as the tactile "pop" or the unreliable 

"whoosh" test, to objective visual evidence 

(35, 11). Successful caudal placement is 

objectively confirmed by observing several 

real-time indicators.37-38 

Anterior Displacement of the Dura 

Mater: During injection, the hyperechoic 

posterior dura mater can be seen moving 

ventrally (anteriorly) as it is displaced by 

the local anesthetic entering the epidural 

spac.37 

Unidirectional Injectate Spread: 

Ultrasound allows for the visualization of 

hypoechoic drug spread and subsequent 

distension of the sacral canal.37-38 

Absence of Complication Patterns: 

Clinicians can immediately identify 

subcutaneous bulging or the lack of 

epidural spread, which signals incorrect 

placement even if a tactile "pop" was felt.11, 

39 Furthermore, ultrasound can help ensure 

the absence of vascular injection by 

confirming correct epidural spread rather 

 

 
  

 

than observing venous dilation or swirling 

patterns that might suggest intravascular 

uptake.11, 40 

This visual paradigm virtually eliminates 

technical failures by allowing immediate 

correction of needle position before a full 

dose of local anesthetic is administered. 

Comparative effectiveness: success rate 

and procedural precision 

The comparative effectiveness of 

ultrasound-guided (USG) versus landmark-

based (LM) techniques is defined by a 

trade-off between technical precision and 

procedural speed.41-42 While both methods 

are highly effective in expert hands, current 

evidence suggests that ultrasound 

significantly enhances the reliability of the 

initial puncture and reduces the need for 

repeated needle manipulations.43-44 

First-puncture success rate 

The strongest evidence for the superiority 

of ultrasound lies in its ability to achieve 

successful entry into the caudal space on 

the first attempt.12, 45 A meta-analysis of 

five randomized controlled trials (RCTs) 

involving 904 participants demonstrated 

that the first-puncture success rate is 

significantly higher with the ultrasound-

guided technique.28 Individual studies 

corroborate this finding; for instance, 

Gautam et al. reported a 92% first-puncture 

success rate with USG compared to 76% 

with the LM technique.46 Similarly, Wang 

et al. found that USG achieved a 92.8% 

first-attempt success rate, whereas the 

landmark group reached only 60%.47 By 

minimizing needle passes, ultrasound 

reduces traumatic tissue disruption and the 

associated risk of inflammatory responses 

or hematoma.11, 28 

Overall block success and effectiveness 

When evaluating overall clinical success, 

defined as the absence of hemodynamic 

response to surgical incision, the evidence 

is more nuanced. Meta-analytical data 

indicate no statistically significant 

difference in the final overall success rate 

between the two techniques when 

performed in controlled trials.28 This 

suggests that for uncomplicated, normal-

weight children, experienced clinicians can 

achieve high success rates (93%–96%) 

using either method.46, 48 

However, the blind nature of the LM 

technique often leads to a false impression 

of success.15, 49 Prospective observational 

studies using ultrasound to verify blind 

needle placement found that providers 

incorrectly judged the needle to be in the 

caudal space in 21.1% of cases.This 

technical failure rate of approximately 20% 
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in landmark-based procedures highlights a 

significant reliability gap that ultrasound-

guided real-time visualization effectively 

bridges.49 Furthermore, ultrasound has 

demonstrated higher overall success rates 

in specific cohorts; Nanjundaswamy et al. 

reported 92.1% success with USG versus 

81.8% with LM.12  

Procedural time trade-off 

There is a documented paradox regarding 

procedural time.50-51 The actual puncture 

time, the interval from needle contact to 

drug administration, is frequently shorter 

with the landmark technique, as it avoids 

the time required for equipment setup and 

probe manipulation.45, 50 Erbüyün et al. 

found that the LM technique was faster by 

a matter of seconds (26.08s vs. 41.60s), 

concluding that this difference is clinically 

negligible.52 Conversely, when factoring in 

total procedural efficiency, ultrasound may 

be faster.11, 28 Titus et al. observed that the 

total time taken to perform the block was 

actually shorter in the ultrasound group  

due to the reduction in failed attempts and 

needle redirections.53 

Learning curve 

The adoption of USG is often hindered by 

the perceived difficulty of mastering 

sonoanatomy.28 However, evidence 

suggests the USG learning curve is 

relatively steep and manageable.54 Novice 

residents can achieve a plateau in landmark 

identification skills after only 9 procedures 

and basic technical proficiency in 

performing the US-CEB after 11 

supervised attempts.54 This compares 

favorably to the conventional landmark 

technique, where studies on resident 

learning curves indicate that at least 32 

procedures are required to reach a 

consistent 80% success rate.23 

Consequently, USG may facilitate faster 

skill acquisition for trainees while 

providing a safety net of visual 

confirmation.55-56 

Clinical considerations: stratifying care 

for challenging populations 

While the overall success of the CEB is 

high, its reliability diminishes significantly 

in specific patient populations where 

surface landmarks are either obscured or 

developmentally unreliable.11 In these 

challenging cohorts, USG techniques are 

not merely an alternative but often an 

essential requirement for procedural 

success and safety.12, 46 

Obesity in children 

The conventional landmark technique is 

notoriously unreliable in children with high 
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body mass indexes. Excessive 

subcutaneous fat often renders the sacral 

cornua impalpable, making it difficult to 

identify the sacral hiatus.11, 36 Research 

indicates that in obese patients, ultrasound 

can provide 30%–60% higher success rates 

compared to the palpation method.12 

Specifically, Opfermann et al. found that 

for every 1-kg increase in weight, the odds 

of pain-related block failure increased by a 

factor of 1.063.25 Furthermore, in children 

with higher weight and more adipose 

tissue, local anesthetic injected outside the 

caudal space can go completely undetected 

by the clinician until large, potentially toxic 

volumes have been administered, whereas 

USG allows for immediate identification of 

incorrect spread.11, 49 

Sacral anatomical anomalies 

Ultrasound serves as a critical pre-puncture 

screening tool to identify anatomical 

variations that would render a blind 

approach both traumatic and likely to fail.11 

Studies have shown that USG can 

successfully identify the sacral hiatus even 

when it is difficult to detect by palpation 

due to anatomical abnormalities.57 These 

variations can include blunt or asymmetric 

cornua, or a closed sacral hiatus due to 

complete fusion of the laminae.11, 30 Most 

importantly, children with urogenital 

anomalies have a higher prevalence of 

occult spinal dysraphism (OSD), such as a 

tethered spinal cord with lipoma. In these 

vulnerable patients, a preprocedural 

ultrasound survey is essential to assess 

spinal structures and avoid catastrophic 

needle-induced neural injury.58 

Infants and neonates 

In infants and neonates, the period of 

highest pharmacokinetic and complication 

risk, ultrasound offers a unique 

developmental advantage. Because the 

pediatric sacrum is incompletely ossified 

and remains largely cartilaginous, it 

provides an excellent acoustic window that 

offers remarkably clear visualization of 

neuraxial structures, including the dural sac 

and the conus medullaris.37, 59 This clarity 

is vital because the dural sac terminates at 

a lower level (S3–S4)in infants than in 

older children, significantly increasing the 

risk of accidental subarachnoid injection 

during blind landmark-based attempts.59 

USG visualization has been rated as easy in 

this age group, providing a visual safety net 

that facilitates precise needle placement 

while avoiding the rich, low-terminating 

epidural venous plexus.37, 55 

Opioid-sparing and enhanced recovery 
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The enhanced reliability provided by 

ultrasound translates directly into 

optimized clinical outcomes.10 When a 

caudal block is successfully performed as 

an adjunct to general anesthesia, it 

significantly reduces the requirement for 

volatile agents and intraoperative opioids.60 

By ensuring a higher first-puncture success 

rate, USG minimizes the physiological 

stress response to surgery and promotes 

earlier tracheal extubation. In a prospective 

cohort, the use of ultrasound to confirm 

successful block placement resulted in a 

reduction of postoperative rescue opioid 

administration from 16.1% to only 5.6%.49 

This opioid-sparing effect is a cornerstone 

of enhanced recovery after surgery (ERAS) 

pathways, facilitating a rapid and smooth 

recovery that is particularly beneficial for 

pediatric day-case surgical procedures.10 

 

Discussion 

The evidence synthesized in this review 

suggests a compelling case for a paradigm 

shift in pediatric regional anesthesia. USG-

CEB has demonstrated superior precision 

and a significantly enhanced safety profile, 

particularly in mitigating the Big Three 

complications: vascular puncture, 

accidental dural puncture, and needle 

misplacement.12, 53 While some meta-

analyses indicate that overall success rates 

may be comparable between ultrasound 

and landmark techniques when performed 

by experts in ideal conditions, the 

technological ability to visualize the dural 

sac, the needle trajectory, and real-time 

drug spread provides a safety net that the 

landmark technique cannot replicate.28, 61 

In high-risk populations, such as neonates 

with low-lying dural sacs terminating at 

S4-S5 or obese children with impalpable 

anatomy, ultrasound is no longer merely an 

alternative but is increasingly positioned as 

the standard of care where resources and 

training permit.19, 36 By replacing 

subjective tactile impressions with 

objective visual confirmation, USG-CEB 

essentially eliminates the technical 

uncertainty inherent in the blind 

approach.15, 37 

Despite the clear advantages of imaging, 

the conventional landmark technique 

maintains an enduring role in clinical 

practice.28, 48 Ultrasound guidance has 

conventionally served to enhance needle 

precision and procedural safety. However, 

these benefits are offset by the need for 

dedicated equipment, skilled personnel, 

and extended procedural durations, factors 

that may contribute to higher costs.62 The 

 

 
  

 

LM approach is time-tested, simple, and 

requires no specialized equipment, making 

it highly efficient for high-volume, 

straightforward cases in patients with clear 

anatomical markers.12, 46 Furthermore, in 

resource-limited settings where ultrasound 

technology is unavailable or cost-

prohibitive, the landmark technique 

remains the primary method for providing 

essential perioperative analgesia.12 

Mastery of the landmark technique also 

remains a critical competency for all 

pediatric anesthesiologists, serving as 

avital rescue technique in the event of 

equipment failure or in environments 

where sonographic visualization is 

technically impossible. 

A scholarly critique of the existing 

literature reveals several challenges in 

establishing definitive clinical guidelines. 

Many randomized controlled trials in this 

field are limited by small sample sizes, 

which often lack the statistical power to 

detect rare but catastrophic 

complications.Additionally, true blinding 

of the proceduralist is impossible, as the 

presence or absence of an ultrasound probe 

is immediately evident, potentially 

introducing performance bias. There is also 

a notable lack of uniformity in how 

"success" is defined across studies, with 

some researchers relying on hemodynamic 

responses to incision and others using 

objective pain scores or direct visualization 

of injectate spread.15, 63 Furthermore, many 

registries suffer from low adoption rates for 

ultrasound, making it difficult to extract 

large-scale safety data that compares USG 

and LM techniques head-to-head.15, 37 

The future of pediatric caudal anesthesia 

lies in the integration of advanced 

technology and standardized education. 

Beyond needle guidance, ultrasound allows 

for predicting successful puncture and 

catheterization using surrogate markers, 

such as dura mater displacement, epidural 

space widening due to drug injection, or 

mass movement of the drug within the 

caudal space.37 Finally, the use of 

simulation-based training will be essential 

in standardizing curricula and establishing 

objective competency assessments for 

trainees.64 As these technologies mature, 

the goal remains to move beyond a "one 

technique fits all" approach toward a 

personalized anesthetic strategy that 

optimizes safety and recovery for every 

pediatric patient.25 

While the conventional landmark 

technique for caudal epidural block has 

served as a cornerstone of pediatric 

regional anesthesia with a historically 
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effective and remarkable safety record, 

contemporary evidence demonstrably 

supports the transition toward ultrasound 

guidance. Ultrasound-guided techniques 

significantly enhance procedural efficacy 

by providing higher first-pass precision and 

a marked reduction in needle redirections 

and traumatic manipulations compared to 

the blind approach. Furthermore, 

ultrasound guidance provides a superior 

safety profile by replacing subjective 

tactile endpoints with objective visual 

confirmation, allowing for the real-time 

avoidance of the dural sac, epidural venous 

plexus, and anterior pelvic structures. 

Consequently, ultrasound should be 

strongly considered as the preferred 

technique for pediatric caudal blocks to 

minimize technical failures and potential 

local anesthetic toxicity. This direct 

visualization is particularly critical for 

younger infants and patients with 

challenging anatomy, such as obesity or 

sacral anomalies, where traditional surface 

landmarks are unreliable or misleading. 

Finally, to ensure the consistent delivery of 

high-quality anesthetic care and optimize 

patient outcomes, structured training and 

the achievement of proficiency in 

ultrasound-guided techniques should 

become a core component of modern 

pediatric anesthesia curricula. 

 
Ethical Consideration 
This review article does not require a code 

of ethics . 

 
Acknowledgment 
The author would like to express special 

thanks and profound gratitude to the 

Clinical Research Development Unit of 

Imam Khomeini Hospital, Urmia 

University of Medical Sciences, Urmia, 

Iran, for their guidance and consultation. 

 
Funding/Support 
Not applicable 

 
Conflict of interests 
There is no conflict of interest 

 

 

 

 



124Ultrasound-Guided vs. Landmark Caudal Block in Pediatrics8                    Karami et al

Iranian Journal of Pediatric Surgery    Vol.12  No.2/2026

This open-access article is distributed under the terms of the Cre-
ative Commons Attribution Non Commercial 3.0 License (CC BY-NC 
3.0). Downloaded from: http://journals.sbmu.ac.ir/irjps

 

 
  

 

effective and remarkable safety record, 

contemporary evidence demonstrably 

supports the transition toward ultrasound 

guidance. Ultrasound-guided techniques 

significantly enhance procedural efficacy 

by providing higher first-pass precision and 

a marked reduction in needle redirections 

and traumatic manipulations compared to 

the blind approach. Furthermore, 

ultrasound guidance provides a superior 

safety profile by replacing subjective 

tactile endpoints with objective visual 

confirmation, allowing for the real-time 

avoidance of the dural sac, epidural venous 

plexus, and anterior pelvic structures. 

Consequently, ultrasound should be 

strongly considered as the preferred 

technique for pediatric caudal blocks to 

minimize technical failures and potential 

local anesthetic toxicity. This direct 

visualization is particularly critical for 

younger infants and patients with 

challenging anatomy, such as obesity or 

sacral anomalies, where traditional surface 

landmarks are unreliable or misleading. 

Finally, to ensure the consistent delivery of 

high-quality anesthetic care and optimize 

patient outcomes, structured training and 

the achievement of proficiency in 

ultrasound-guided techniques should 

become a core component of modern 

pediatric anesthesia curricula. 

 
Ethical Consideration 
This review article does not require a code 

of ethics . 

 
Acknowledgment 
The author would like to express special 

thanks and profound gratitude to the 

Clinical Research Development Unit of 

Imam Khomeini Hospital, Urmia 

University of Medical Sciences, Urmia, 

Iran, for their guidance and consultation. 

 
Funding/Support 
Not applicable 

 
Conflict of interests 
There is no conflict of interest 

 

 

 

 

 

 
  

 

References 

1. Karami N. Complications and Risks of General Versus Regional Anesthesia in 

Orthopedic Surgeries: A Narrative Review. Journal of Research in Applied and 

Basic Medical Sciences. 2025;11(4):321-7. 

2. Chidambaran V, Sadhasivam S, Mahmoud M. Codeine and opioid metabolism: 

implications and alternatives for pediatric pain management. Current opinion in 

anesthesiology. 2017;30(3):349-56. 

3. Medikondu H, Chen A, Soliman D, Yellapragada S, Sadhasivam S, Visoiu M. 

Perioperative Pain Relief in Pediatric Tonsillectomy: Current Strategies and Future 

Directions. Children. 2025;12(12):1619. 

4. Karami N, Karami T, Taleb H, Ghodratizadeh M. Effect of adding 

dexmedetomidine to fascia iliaca compartment block on postoperative analgesia in 

patients undergoing femoral fractures surgery: A randomized double-blind clinical 

trial. Journal of International Medical Research. 2026;54(5):03000605261431479. 

5. Xu W, Wei H, Zhang T. Methods of prolonging the effect of caudal block in 

children. Frontiers in pediatrics. 2024; 12:1406263. 

6. Vaswani A, Bairwa K, Kewalramani R, Gangani J, Mohan V. Enhancing Caudal 

Analgesia in Children: A Narrative Review of Clonidine and Dexmedetomidine as 

Adjuvants. Cureus. 2025;17(12.) 

7. Jagtap P. Evaluation of Caudal Epidural Analgesia for RelievingPost-Operative 

Pain in Paediatric Surgical Patients. SAS J Med. 2024; 8:727-31. 

8. Pavlova KA. Caudal anesthesia in pediatric practice. TAMBOV MEDICAL 

JOURNAL. 2023;5(2):44-50. 

9. Fall F, Pace D, Sadacharam K, Fuchs L, Lang RS, Koran J, Chan S, et al. Increasing 

Caudal Block Utilization to Promote Opioid Stewardship in the NICU Population: 

A Quality Improvement Project. Journal of Pediatric Surgery. 2025;60(1):161921. 

10. Yörükoğlu HU, Aksu C, Yucal NN, Cesur S, Kuş A. Regional Anesthesia to Save 

the Dayfor Kids: A Narrative Review of Literature About the Blocks to Know for 

Common Pediatric Surgeries. Medicina. 2026;62(1):162. 

11. Kao S-C, Lin C-S. Caudal epidural block: an updated review of anatomy and 

techniques. BioMed research international. 2017;2017(1):9217145. 



125 Ultrasound-Guided vs. Landmark Caudal Block in Pediatrics8                    Karami et al

Iranian Journal of Pediatric Surgery    Vol.12  No.2/2026

This open-access article is distributed under the terms of the Cre-
ative Commons Attribution Non Commercial 3.0 License (CC BY-NC 
3.0). Downloaded from: http://journals.sbmu.ac.ir/irjps

 

 
  

 

12. Nanjundaswamy NH, Nagappa S, Shridhara RB, Kalappa S, editors. A 

comparative study of ultrasound-guided caudal block versus anatomical landmark-

based caudal block in pediatric surgical cases. The Indian Anaesthetists Forum; 

2020: Medknow. 

13. Byun S, Pather N. Pediatric regional anesthesia: a review of the relevance of 

surface anatomy and landmarks used for peripheral nerve blockades in infants and 

children. Clinical Anatomy. 2019;32(6):803-23. 

14. Munro C, Baliga S, Shepherd J, MacEachern CF. Anatomical study of the human 

sacral hiatus and implications for successful caudal epidural injection. The 

Surgeon. 2021;19(5): e103-e6. 

15. Boretsky KR, Camelo C, Waisel DB, Falciola V, Sullivan C, Brusseau E, Eastburn 

E, et al. Confirmation of success rate of landmark‐based caudal blockade in 

children using ultrasound: A prospective analysis. Pediatric Anesthesia. 

2020;30(6):671-5. 

16. Ozen O, Saricaoglu F. Current Approaches in Pediatric Regional Anesthesia. 

Journal of Anesthesia/Anestezi Dergisi(JARSS). 2025;33(2.) 

17. Reysner T, Wieczorowska-Tobis K, Mularski A, Kowalski G, Daroszewski P, 

Reysner M. Revolutionizing pediatric surgery: The transformative role of regional 

anesthesia—A narrative review. Surgeries. 2025;6(1):9. 

18. Kaye AD, Green JB, Davidson KS, Gennuso SA, Brown ML, Pinner AM, 

Renschler JS, et al. Newer nerve blocks in pediatric surgery. Best Practice & 

Research Clinical Anaesthesiology. 2019;33(4):447-63. 

19. Abukawa Y, Hiroki K, Morioka N, Iwakiri H, Fukada T, Higuchi H, OzakiM. 

Ultrasound versus anatomical landmarks for caudal epidural anesthesia in pediatric 

patients. BMC anesthesiology. 2015;15(1):102. 

20. Ahmed A-E, Ammar A, Ismail AM. Caudal versus spinal anesthesia in children 

undergoing lower abdominal operations. Menoufia Medical Journal. 

2018;31(1):87 -.  

21. Xiang Q, Huang D, Zhao Y, Wang G, Liu Y, Zhong L, Luo T. Caudal 

dexmedetomidine combined with bupivacaine inhibit the response to hernial sac 

 

 
  

 

traction in children undergoing inguinal hernia repair. British journalof 

anaesthesia. 2013;110(3):420-4. 

22. Dalens B, Hasnaoui A. Caudal anesthesia in pediatric surgery: success rate and 

adverse effects in 750 consecutive patients. Anesthesia & Analgesia. 

1989;68(2):83-9. 

23. Schuepfer G, Konrad C, Schmeck J, Poortmans G, Staffelbach B, Jöhr M. 

Generating a learning curve for pediatric caudal epidural blocks: an empirical 

evaluation of technical skills in novice and experienced anesthetists. Regional 

anesthesia and pain medicine. 2000;25(4):385-8. 

24. Sinha D, Waindeskar V, Ahmad Z, Jain S, Mandal P, Yadav A, Nag S, et al. 

Perception-performance gap in trainee-performed pediatric caudal epidural block: 

Ultrasound verification of accuracy and clinical success. Saudi Journal of 

Anaesthesia. 2026;20(2):281. 

25. Opfermann P, Kraft F, Obradovic M, Zadrazil M, Schmid W, Marhofer P. 

Ultrasound‐guided caudal blockade and sedation for paediatric surgery: a 

retrospective cohort study. Anaesthesia. 2022;77(7):785-94. 

26. Varghese N, Joseph N, Kandavar S. Rectal puncture during caudalanaesthesia. 

Indian journal of anaesthesia. 2016;60(5):371-2. 

27. Kollipara N, Kodali VRK, Parameswari A. A randomized double-blinded 

controlled trial comparing ultrasound-guided versus conventional injection for 

caudal block in children undergoing infra-umbilical surgeries. Journal of 

Anaesthesiology Clinical Pharmacology. 2021;37(2):249-54. 

28. Jain D, Hussain SY, Ayub A. Comparative evaluation of landmark technique and 

ultrasound‐guided caudal epidural injection in pediatric population: A systematic 

review and meta‐analysis. Pediatric Anesthesia. 2022;32(1):35-42. 

29. Inklebarger J, Totlis T, Feigl G, Tishukov M, Galanis N. Transverse plane 

ultrasound-guided caudal epidural injections: sonographic anatomy and stepwise 

technique. Surgical and Radiologic Anatomy. 2021;43(9):1527-35. 

30. Wang S, Hu L, Yang X-l, Yan T-t, Xie C-l, Wang S, Liu Y, et al. Evaluated 

anatomical variations in children by sacrococcygeal ultrasonography as a new tool: 

a report from a Chinese tertiary hospital. Annals of Medicine. 2025;57(1):2528977. 



126Ultrasound-Guided vs. Landmark Caudal Block in Pediatrics8                    Karami et al

Iranian Journal of Pediatric Surgery    Vol.12  No.2/2026

This open-access article is distributed under the terms of the Cre-
ative Commons Attribution Non Commercial 3.0 License (CC BY-NC 
3.0). Downloaded from: http://journals.sbmu.ac.ir/irjps

 

 
  

 

traction in children undergoing inguinal hernia repair. British journalof 

anaesthesia. 2013;110(3):420-4. 

22. Dalens B, Hasnaoui A. Caudal anesthesia in pediatric surgery: success rate and 

adverse effects in 750 consecutive patients. Anesthesia & Analgesia. 

1989;68(2):83-9. 

23. Schuepfer G, Konrad C, Schmeck J, Poortmans G, Staffelbach B, Jöhr M. 

Generating a learning curve for pediatric caudal epidural blocks: an empirical 

evaluation of technical skills in novice and experienced anesthetists. Regional 

anesthesia and pain medicine. 2000;25(4):385-8. 

24. Sinha D, Waindeskar V, Ahmad Z, Jain S, Mandal P, Yadav A, Nag S, et al. 

Perception-performance gap in trainee-performed pediatric caudal epidural block: 

Ultrasound verification of accuracy and clinical success. Saudi Journal of 

Anaesthesia. 2026;20(2):281. 

25. Opfermann P, Kraft F, Obradovic M, Zadrazil M, Schmid W, Marhofer P. 

Ultrasound‐guided caudal blockade and sedation for paediatric surgery: a 

retrospective cohort study. Anaesthesia. 2022;77(7):785-94. 

26. Varghese N, Joseph N, Kandavar S. Rectal puncture during caudalanaesthesia. 

Indian journal of anaesthesia. 2016;60(5):371-2. 

27. Kollipara N, Kodali VRK, Parameswari A. A randomized double-blinded 

controlled trial comparing ultrasound-guided versus conventional injection for 

caudal block in children undergoing infra-umbilical surgeries. Journal of 

Anaesthesiology Clinical Pharmacology. 2021;37(2):249-54. 

28. Jain D, Hussain SY, Ayub A. Comparative evaluation of landmark technique and 

ultrasound‐guided caudal epidural injection in pediatric population: A systematic 

review and meta‐analysis. Pediatric Anesthesia. 2022;32(1):35-42. 

29. Inklebarger J, Totlis T, Feigl G, Tishukov M, Galanis N. Transverse plane 

ultrasound-guided caudal epidural injections: sonographic anatomy and stepwise 

technique. Surgical and Radiologic Anatomy. 2021;43(9):1527-35. 

30. Wang S, Hu L, Yang X-l, Yan T-t, Xie C-l, Wang S, Liu Y, et al. Evaluated 

anatomical variations in children by sacrococcygeal ultrasonography as a new tool: 

a report from a Chinese tertiary hospital. Annals of Medicine. 2025;57(1):2528977. 



127 Ultrasound-Guided vs. Landmark Caudal Block in Pediatrics8                    Karami et al

Iranian Journal of Pediatric Surgery    Vol.12  No.2/2026

This open-access article is distributed under the terms of the Cre-
ative Commons Attribution Non Commercial 3.0 License (CC BY-NC 
3.0). Downloaded from: http://journals.sbmu.ac.ir/irjps

 

 
  

 

31. Kaya C, Kendigelen P, Tütüncü AÇ, Kaya G. Assessing Caudal Epidural Anatomy 

in Children: A Comparison of Palpation and Ultrasound for Sacral Cornua 

Identification. Turkish Journal of Anaesthesiology and Reanimation. 

2025;53(3):107. 

32. Kaçar MA, Çiçekci F, Uluer MS, Sargın M, Gündüz M, Aslanlar E, Kara İ, et al. 

COMPARISON OF CAUDAL EPIDURAL BLOCK USING OUT-OF-PLANE 

AND IN-PLANE TECHNIQUES WITH ULTRASOUND IN PEDIATRIC 

HYPOSPADIAS SURGERY: A PROSPECTIVE RANDOMIZED CLINICAL 

STUDY. Genel Tıp Dergisi. 2025;35(2):319-24. 

33. Steenvoorden T, Smit J, Matta JL, van Westerloo D, Tuinman P. Ultrasound-

guided placement of central venous cathetersa comprehensive guide for the 

clinician: a comprehensive guide for the clinician. Netherlands Journal of Critical 

Care. 2020;28(6):244-52. 

34. Neice AE, Forton C. Evaluation of a novel out‐of‐plane needle guide. Journal of 

Ultrasound in Medicine. 2018;37(3):543-9. 

35. Schwenk ES, Gandhi K, Baratta JL, Torjman M, Epstein RH, Chung J, Vaghari 

BA, et al. Ultrasound-guided out-of-plane vs. in-plane interscalene catheters: a 

randomized, prospective study. Anesthesiology and pain medicine. 2015;5(6): 

e31111. 

36. Wiegele M, Marhofer P, Lönnqvist P-A. Caudal epidural blocks in paediatric 

patients: a review andpractical considerations. British journal of anaesthesia. 

2019;122(4):509-17. 

37. Kil HK. Caudal and epidural blocks in infants and small children: historical 

perspective and ultrasound-guided approaches. Korean journal of anesthesiology. 

2018;71(6):430-9. 

38. Kim H-J, Kim H, Lee S, Koh WU, Park S-S, Ro Y. Reconsidering injection volume 

for caudal epidural block in young pediatric patients: a dynamic flow tracking 

experimental study. Regional Anesthesia & Pain Medicine. 2024;49(5):355-60. 

39. Karaca O, Pinar HU, Gokmen Z, Dogan R. Ultrasound-guided versus conventional 

caudal block in children: a prospective randomized study. European journal of 

pediatric surgery. 2019;29(06):533-8. 

 

 
  

 

40. Tsai Y-H, Huang G-S, Tang C-T, Yang F-C, Hsu Y-C. The role of power Doppler 

ultrasonography in caudal epidural injection. Medicina. 2022;58(5):575. 

41. Pakpirom J, Thatsanapornsathit K, Kovitwanawong N, Petsakul S, 

Benjhawaleemas P, Narunart K, Boonchuduang S, et al. Real-time ultrasound-

guided versus anatomic landmark-based thoracic epidural placement: a 

prospective, randomized, superiority trial. BMC anesthesiology. 2022;22(1):198. 

42. Park S-K, Yoo S, Kim WH, Lim Y-J, Bahk J-H, Kim J-T. Ultrasound-assisted vs. 

landmark-guided paramedian spinal anaesthesia in the elderly: a randomised 

controlled trial. European Journal of Anaesthesiology| EJA. 2019;36(10):763-71. 

43. Ranjan V, Raman SK, Kumar M, Kumar P, Kumar C. Comparison of ultrasound-

guided versus landmark-based techniques for peripheral nerve blocks in upper limb 

surgeries. Bioinformation. 2025;21(12):4711-5. 

44. Sanguanwit P, Tansuwannarat P, Bua-Ngam C, Suttabuth S, Atiksawedparit P, 

Trakulsrichai S. Comparing ultrasonography and surface landmark-guided lumbar 

puncture in patients with obesity and difficult anatomy; a randomized controlled 

trial. Archives of Academic Emergency Medicine. 2023;11(1):e59. 

45. Dhadwal SS, Bhure A, Bhargava S. Ultrasound guided technique versus landmark 

technique for caudal epidural block in children: A randomized controlled study. 

Indian Journal of Clinical Anaesthesia. 2023;9(2):174-8. 

46. Gautam S, Sood R, Yadav R, Kumar S. Comparison of Ultrasound Guided with 

Conventional Landmark Technique Caudal Block in Pediatric Patients Scheduled 

for Lower Abdomen Surgery under General Anesthesia: A Prospective 

Randomized Study. 2023. 

47. Wang LZ, Hu XX, Zhang YF, Chang XY. A randomized comparison of caudal 

block by sacral hiatus injection under ultrasound guidance with traditional sacral 

canal injection in children. Pediatric Anesthesia. 2013;23(5):395-400. 

48. Ponde V, Singh N, Nair A, Ongaigui CJ, Nagdev T. Comparison of Landmark-

guided, Nerve Stimulation–guided, and Ultrasound-guided Techniques for 

Pediatric Caudal Epidural Anesthesia: A Prospective Randomized Controlled 

Trial. The Clinical journal of pain. 2022;38(2):114-8. 



128Ultrasound-Guided vs. Landmark Caudal Block in Pediatrics8                    Karami et al

Iranian Journal of Pediatric Surgery    Vol.12  No.2/2026

This open-access article is distributed under the terms of the Cre-
ative Commons Attribution Non Commercial 3.0 License (CC BY-NC 
3.0). Downloaded from: http://journals.sbmu.ac.ir/irjps

 

 
  

 

40. Tsai Y-H, Huang G-S, Tang C-T, Yang F-C, Hsu Y-C. The role of power Doppler 

ultrasonography in caudal epidural injection. Medicina. 2022;58(5):575. 

41. Pakpirom J, Thatsanapornsathit K, Kovitwanawong N, Petsakul S, 

Benjhawaleemas P, Narunart K, Boonchuduang S, et al. Real-time ultrasound-

guided versus anatomic landmark-based thoracic epidural placement: a 

prospective, randomized, superiority trial. BMC anesthesiology. 2022;22(1):198. 

42. Park S-K, Yoo S, Kim WH, Lim Y-J, Bahk J-H, Kim J-T. Ultrasound-assisted vs. 

landmark-guided paramedian spinal anaesthesia in the elderly: a randomised 

controlled trial. European Journal of Anaesthesiology| EJA. 2019;36(10):763-71. 

43. Ranjan V, Raman SK, Kumar M, Kumar P, Kumar C. Comparison of ultrasound-

guided versus landmark-based techniques for peripheral nerve blocks in upper limb 

surgeries. Bioinformation. 2025;21(12):4711-5. 

44. Sanguanwit P, Tansuwannarat P, Bua-Ngam C, Suttabuth S, Atiksawedparit P, 

Trakulsrichai S. Comparing ultrasonography and surface landmark-guided lumbar 

puncture in patients with obesity and difficult anatomy; a randomized controlled 

trial. Archives of Academic Emergency Medicine. 2023;11(1):e59. 

45. Dhadwal SS, Bhure A, Bhargava S. Ultrasound guided technique versus landmark 

technique for caudal epidural block in children: A randomized controlled study. 

Indian Journal of Clinical Anaesthesia. 2023;9(2):174-8. 

46. Gautam S, Sood R, Yadav R, Kumar S. Comparison of Ultrasound Guided with 

Conventional Landmark Technique Caudal Block in Pediatric Patients Scheduled 

for Lower Abdomen Surgery under General Anesthesia: A Prospective 

Randomized Study. 2023. 

47. Wang LZ, Hu XX, Zhang YF, Chang XY. A randomized comparison of caudal 

block by sacral hiatus injection under ultrasound guidance with traditional sacral 

canal injection in children. Pediatric Anesthesia. 2013;23(5):395-400. 

48. Ponde V, Singh N, Nair A, Ongaigui CJ, Nagdev T. Comparison of Landmark-

guided, Nerve Stimulation–guided, and Ultrasound-guided Techniques for 

Pediatric Caudal Epidural Anesthesia: A Prospective Randomized Controlled 

Trial. The Clinical journal of pain. 2022;38(2):114-8. 



129 Ultrasound-Guided vs. Landmark Caudal Block in Pediatrics8                    Karami et al

Iranian Journal of Pediatric Surgery    Vol.12  No.2/2026

This open-access article is distributed under the terms of the Cre-
ative Commons Attribution Non Commercial 3.0 License (CC BY-NC 
3.0). Downloaded from: http://journals.sbmu.ac.ir/irjps

 

 
  

 

49. Adler AC, Belon CA, Guffey DM, Minard CG, Patel NV, Chandrakantan A. Real-

time ultrasound improves accuracy of caudal block in children. Anesthesia & 

Analgesia. 2020;130(4):1002-7. 

50. Malik S, Askri MR, Maqbool S, Manzoor W, Fatima S, Talal H. Comparison of 

effectiveness of pediatric caudal block with ultrasound guidance versus landmark 

technique. The Professional Medical Journal. 2026;33(02):332-5. 

51. Riaz A, Shah ARA, Jafri SAU. Comparison of pediatric caudal block with 

ultrasound guidance or landmark technique. Anaesthesia, Pain & Intensive Care. 

2019;23(1.) 

52. Erbüyün K, Açıkgöz B, Ok G, Yılmaz Ö, Temeltaş G, Tekin İ, Tok D. The role of 

ultrasound guidance in pediatric caudal block. Saudi Medical Journal. 

2016;37(2):147. 

53. Mital T, Kamal M, Kumar M, Kumar R, Bhatia P, Singariya G. Comparison of 

landmark and real-time ultrasound-guided epidural catheter placement in the 

pediatric population: a prospective randomized comparative trial. Anesthesia and 

Pain Medicine. 2021;16(4):368-76. 

54. Ma D, Chen P, Xu J. Learning curve of ultrasound-guided caudal epidural block: 

a CUSUM pivotal analysis. Frontiers in Medicine. 2025; 12:1624205. 

55. Ahiskalioglu A, Yayik AM, Ahiskalioglu EO, Ekinci M, Gölboyu BE, Celik EC, 

Alici HA, et al. Ultrasound-guided versus conventional injection for caudal block 

in children: a prospective randomized clinical study. Journal of clinical anesthesia. 

2018; 44:91-6. 

56. Sinskey JL, Vecchione TM, Ekstrom BG, Boretsky K. Benefits of ultrasound 

imaging for placement of caudal epidural blockade in 3 pediatric patients: a case 

report. A&A Practice. 2018;10(11):307-9. 

57. AmirMohajerani S. Ultrasound as a Screening Tool for Performing Caudal 

Epidural Injections. Iranian Journal of Radiology.11(2.) 

58. Jöhr M, Berger TM. Caudal block: simple safe and effective–response to Dr Dario 

Galante. Pediatric Anesthesia. 2012;22(2):184-5. 

 

 
  

 

59. Ponde V, Shah D, Nagdev T, Balasubramanian H, Boretsky K. Ultrasound 

determination of the dural sac to sacrococcygeal membrane distance in premature 

neonates. Regional Anesthesia & Pain Medicine. 2022;47(5):327-9. 

60. Abdel Aziz MM, Abdelfatah AM, Abdel Hamid HM. Ultrasound-guided caudal 

analgesia using fentanyl versus dexmedetomidine as an adjuvant for 

levobupivacaine in infraumbilical pediatric surgeries. Ain Shams Journal of 

Anesthesiology. 2016;9(4.) 

61. Muthukrishnan M, Dixit N, Jain K, Ollapally A. Ultrasound-guided versus 

Conventional Caudal Blocks in Children: A Randomised Clinical Study. Journal 

of Clinical&Diagnostic Research. 2023;17(8.) 

62. Shakeri A, Mirkheshti A, Nematihonar B, Behjati J, Tahmasbi H, Memary E, 

Karami N. Comparative Efficacy of Ultrasound‐Guided Versus Laparoscopically 

Administered Subcostal Transversus Abdominis Plane and Rectus Sheath Blocks 

in Laparoscopic Cholecystectomy: A Randomized Noninferiority Trial. 

International Journal of Clinical Practice. 2026;2026(1):1849109. 

63. Riaz A, Shah A, Jafri S. Comparison of pediatric caudal block with ultrasound 

guidance or landmark technique. Anaesth. Pain & intensive care. 2019;23(1):18-

22. 

64. Webb L, Masaracchia M, Strupp K. Enhancing access to neuraxial ultrasound 

phantoms for medical education of pediatric anesthesia trainees: tutorial. JMIR 

Medical Education. 2025;11: e63682. 

 

 

 

 

 

 

 



130Ultrasound-Guided vs. Landmark Caudal Block in Pediatrics8                    Karami et al

Iranian Journal of Pediatric Surgery    Vol.12  No.2/2026

This open-access article is distributed under the terms of the Cre-
ative Commons Attribution Non Commercial 3.0 License (CC BY-NC 
3.0). Downloaded from: http://journals.sbmu.ac.ir/irjps

 

 
  

 

49. Adler AC, Belon CA, Guffey DM, Minard CG, Patel NV, Chandrakantan A. Real-

time ultrasound improves accuracy of caudal block in children. Anesthesia & 

Analgesia. 2020;130(4):1002-7. 

50. Malik S, Askri MR, Maqbool S, Manzoor W, Fatima S, Talal H. Comparison of 

effectiveness of pediatric caudal block with ultrasound guidance versus landmark 

technique. The Professional Medical Journal. 2026;33(02):332-5. 

51. Riaz A, Shah ARA, Jafri SAU. Comparison of pediatric caudal block with 

ultrasound guidance or landmark technique. Anaesthesia, Pain & Intensive Care. 

2019;23(1.) 

52. Erbüyün K, Açıkgöz B, Ok G, Yılmaz Ö, Temeltaş G, Tekin İ, Tok D. The role of 

ultrasound guidance in pediatric caudal block. Saudi Medical Journal. 

2016;37(2):147. 

53. Mital T, Kamal M, Kumar M, Kumar R, Bhatia P, Singariya G. Comparison of 

landmark and real-time ultrasound-guided epidural catheter placement in the 

pediatric population: a prospective randomized comparative trial. Anesthesia and 

Pain Medicine. 2021;16(4):368-76. 

54. Ma D, Chen P, Xu J. Learning curve of ultrasound-guided caudal epidural block: 

a CUSUM pivotal analysis. Frontiers in Medicine. 2025; 12:1624205. 

55. Ahiskalioglu A, Yayik AM, Ahiskalioglu EO, Ekinci M, Gölboyu BE, Celik EC, 

Alici HA, et al. Ultrasound-guided versus conventional injection for caudal block 

in children: a prospective randomized clinical study. Journal of clinical anesthesia. 

2018; 44:91-6. 

56. Sinskey JL, Vecchione TM, Ekstrom BG, Boretsky K. Benefits of ultrasound 

imaging for placement of caudal epidural blockade in 3 pediatric patients: a case 

report. A&A Practice. 2018;10(11):307-9. 

57. AmirMohajerani S. Ultrasound as a Screening Tool for Performing Caudal 

Epidural Injections. Iranian Journal of Radiology.11(2.) 

58. Jöhr M, Berger TM. Caudal block: simple safe and effective–response to Dr Dario 

Galante. Pediatric Anesthesia. 2012;22(2):184-5. 

 

 
  

 

59. Ponde V, Shah D, Nagdev T, Balasubramanian H, Boretsky K. Ultrasound 

determination of the dural sac to sacrococcygeal membrane distance in premature 

neonates. Regional Anesthesia & Pain Medicine. 2022;47(5):327-9. 

60. Abdel Aziz MM, Abdelfatah AM, Abdel Hamid HM. Ultrasound-guided caudal 

analgesia using fentanyl versus dexmedetomidine as an adjuvant for 

levobupivacaine in infraumbilical pediatric surgeries. Ain Shams Journal of 

Anesthesiology. 2016;9(4.) 

61. Muthukrishnan M, Dixit N, Jain K, Ollapally A. Ultrasound-guided versus 

Conventional Caudal Blocks in Children: A Randomised Clinical Study. Journal 

of Clinical&Diagnostic Research. 2023;17(8.) 

62. Shakeri A, Mirkheshti A, Nematihonar B, Behjati J, Tahmasbi H, Memary E, 

Karami N. Comparative Efficacy of Ultrasound‐Guided Versus Laparoscopically 

Administered Subcostal Transversus Abdominis Plane and Rectus Sheath Blocks 

in Laparoscopic Cholecystectomy: A Randomized Noninferiority Trial. 

International Journal of Clinical Practice. 2026;2026(1):1849109. 

63. Riaz A, Shah A, Jafri S. Comparison of pediatric caudal block with ultrasound 

guidance or landmark technique. Anaesth. Pain & intensive care. 2019;23(1):18-

22. 

64. Webb L, Masaracchia M, Strupp K. Enhancing access to neuraxial ultrasound 

phantoms for medical education of pediatric anesthesia trainees: tutorial. JMIR 

Medical Education. 2025;11: e63682. 

 

 

 

 

 

 

 


