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ORIGINAL ARTICLE
Comparison of effectiveness of pediatric caudal block with ultrasound
guidance versus landmark technique.

Sana Malik', Mohsin Riaz Askri?, Shumyala Magbool®, Waleed Manzoor*, Sana Fatima®, Hasan Talal®

ABSTRACT... Objective: To compare the efficacy of ultrasound guidance versus landmark technique for performing caudal block in
children undergoing infraumbilical surgery. Study Design: Non Randomized Controlled Trial. Setting: Institute of Child Health and
Children Hospital, Faisalabad. Period: January 2025 — April 2025. Methods: After institutional ethical approval, 240 children aged
2 to 10 years were randomly assigned to two equal groups: Group USG (ultrasound-guided) and Group LM (landmark technique).
Caudal block was administered under general anesthesia in both groups. Primary outcome was success on first attempt; secondary
outcomes included performance time, incidence of tachycardia (defined as 210% rise in heart rate during skin incision), and number
of needle punctures. Data were analyzed using SPSS version 23. Results: No significant difference was found between the groups
in terms of age, weight, and gender. The USG group showed a significantly higher success rate on the first attempt (95% vs.
70.83%, p = 0.000) and a lower incidence of tachycardia (10% vs. 32%, p = 0.000). However, time taken was significantly longer
in the USG group (110.88 + 16.11 sec vs. 63.62 + 13.10 sec, p = 0.000). Conclusion: Ultrasound guidance significantly increases
the success rate of pediatric caudal block compared to landmark technique, although it requires more time to perform.
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INTRODUCTION

Painful stimuli from surgery evoke significant stress
responses in pediatric patients, which can result in
complications such as tachycardia, hypertension,
and delayed recovery." Caudal block is a popular and
effective regional anesthetic technique in children,
often used in infraumbilical surgeries to provide
both intraoperative and postoperative analgesia.?
Its use minimizes the requirement for systemic
opioids and inhalational anesthetics, leading to
fewer side effects like nausea, ileus, and respiratory
depression.®

Despite its popularity, the landmark (LM) technique
for caudal block relies heavily on palpation of
anatomical structures such as sacral hiatus and
cornu, which may vary significantly in pediatric
populations.* In certain cases, especially in infants
and young children, identifying these structures
accurately becomes challenging due to immature
bone development and soft tissue coverage. These
variations may lead to multiple punctures, failed
blocks, or inadvertent injury.®

Ultrasound guidance (USG) has emerged as a safer
and more accurate technique for performing regional
blocks, including caudal block.® It allows real-time
visualization of anatomical structures, verification of
needle position, and monitoring of local anesthetic
spread.” This technique is non-invasive, easily
teachable, and avoids radiation exposure unlike
fluoroscopy.®

Multiple international studies have demonstrated that
ultrasound-guided caudal blocks improve accuracy
and safety, reduce failure rates, and increase patient
comfort.® However, data from Pakistani pediatric
populations remain sparse. Limited local studies
have addressed whether the use of ultrasound
truly confers a measurable clinical advantage over
conventional landmark-based methods. '

This study was designed to compare the
effectiveness of ultrasound-guided versus landmark-
guided caudal blocks in children undergoing
infraumbilical surgeries.
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By quantifying block success rate, performance
time, and hemodynamic response, we aim to validate
the use of ultrasound as a superior alternative in
pediatric anesthesia practice.

METHODS

This study was a non-randomized controlled trial
conducted at the Institute of Child Health and Children
Hospital, Faisalabad, from January 2025 to April 2025.
Ethical Approval: Approved by the Institutional
Ethical Review Committee (Ref#: 31/CH & ICH/
FSD; Date: 07/01/2025).

A total of 240 children aged 2 to 10 years,
scheduled for elective infraumbilical surgeries under
general anesthesia, were enrolled after obtaining
written informed consent from parents or guardians.
Patients were divided into two equal groups based
on the technique used for caudal block: Group
USG (ultrasound-guided) and Group LM (landmark
technique).

Inclusion Criteria

e Children aged 2-10 years

e ASA Physical Status | or |l

e Undergoing elective infraumbilical
under general anesthesia

surgeries

Exclusion Criteria

e Age below 2 or above 10 years

e ASAlllorlV

e Emergency surgery

e Coagulopathy

e Spinal deformity or infection at injection site

e Allergy to local anesthetics

All patients received general anesthesia with

sevoflurane (6-8%) via facemask followed by
IV access and airway secured with an l-gel or
LMA. Standard monitoring (SpO,, ECG, NIBP)
was applied throughout. In Group LM (Landmark
technique), the sacral hiatus was palpated and
a 22G hypodermic needle was inserted. After
confirming negative aspiration for blood or CSF, 1
mL/kg of 0.125% bupivacaine was injected slowly.
In Group USG (Ultrasound-guided technique), the
sacral hiatus was identified using a high-frequency
linear ultrasound probe. The needle was advanced
in-plane under real-time ultrasound guidance, and

the same dose of bupivacaine was administered
after confirming correct spread in the caudal canal.
A waiting period of 10 minutes was allowed post-
injection before surgical incision.

First-attempt success rate (defined as successful
caudal block with no blood, CSF, resistance, or
subcutaneous swelling) were our primary outcomes
whereas Incidence of tachycardia (Z10% increase
in HR during skin incision), Performance time
(in seconds), Number of needle punctures were
secondary outcomes.

Data were analyzed using SPSS version 23.
Continuous variables were expressed as mean =
standard deviation and compared using Student’s
t-test. Categorical variables were analyzed using
Chi-square test. A p-value < 0.05 was considered
statistically significant.

RESULTS

A total of 240 children meeting the inclusion criteria
were enrolled in this study and divided equally into
two groups: Group USG (ultrasound-guided) and
Group LM (landmark technique). Both groups were
comparable in baseline characteristics, including
age, gender, and weight. The mean age in the
ultrasound group was 5.52 + 2.16 years, while in
the landmark group, it was 5.45 + 2.08 years (p =
0.76). Mean body weight in Group USG was 16.83
+ 4.21 kg and in Group LM was 16.54 + 3.98 kg
(p = 0.54). There was no statistically significant
difference between the groups in terms of gender
distribution, with males representing 60% of Group
USG and 57.5% of Group LM (p = 0.69).

TABLE-I
Demographic characteristics

Parameter Gr(::p; ;)?G G.(:\o:rzlc_)l)VI P-Value
Age (years) 552 +2.16 5.45 + 2.08 0.76
Weight (kg) 16.83 +4.21 16.54 + 3.98 0.54
Male (%) 72 (60%) 69 (57.5%) 0.69
Female (%) 48 (40%) 51 (42.5%) 0.69

Age and weight were compared using the
independent samples t-test. Gender distribution
was analyzed using the Chi-square test.
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The clinical performance of caudal blocks varied
significantly between the two groups. First-attempt
success was achieved in 114 patients (95%) in
the ultrasound-guided group, compared to only
85 patients (70.83%) in the landmark group (p <
0.001). This indicates a significantly higher reliability
and precision with ultrasound guidance.

The mean performance time, defined as the
interval from positioning the patient to successful
administration of local anesthetic, was considerably
longer in Group USG (110.88 + 16.11 seconds) as
compared to Group LM (63.62 + 13.10 seconds),
with a p-value of <0.001. Though the USG technique
required more time, its improved accuracy and lower
complication rates were evident.

A marked difference was also observed in
hemodynamic responses. In Group USG, only
10% of children developed tachycardia (=10% rise
in heart rate during incision), whereas in Group
LM, 32% exhibited this sympathetic response (p
< 0.001), indicating less effective analgesia in the
landmark group.

TABLE-II

Clinical outcomes

Group USG  Group LM

Outcome (h120) et 20) P-Value
First-attempt . 85
success (%) 114 (95% (70.83%) <0.001
Performance time 110.88 = 63.62 + <0.001
(sec) 16.11 13.10 .
Tachycardia during 12 (10%) 38 (32%) 0,001

incision (%)

First-attempt success and tachycardia were
compared using the Chi-square test. Performance
time was analyzed using the independent samples
t-test.

DISCUSSION

The findings of this study underscore the clinical
superiority of ultrasound-guided caudal blocks
over the traditional landmark technique in pediatric
patients. Our results show that ultrasound guidance
significantly improves first-attempt success rates
and reduces the incidence of tachycardia during
surgical incision — a proxy for intraoperative pain.

These outcomes are critical in pediatric anesthesia,
where minimizing both procedural trauma and
physiological stress is paramount.

The increased success rate of 95% in the ultrasound
group aligns with several international studies
reporting high efficacy when real-time imaging is
used to guide needle placement.® This is likely due
to enhanced visualization of anatomical landmarks,
which is especially useful in children whose sacral
anatomy can vary due to age-related differences
in ossification.* Conversely, the 70.83% success
rate in the landmark group reflects the common
challenge of blind insertion, as palpation may be
difficult in obese, anxious, or very young children.®

One important trade-off noted in this study was the
longer performance time associated with ultrasound
guidance. Thisincrease, while statistically significant,
is not clinically alarming, particularly given the safety
and accuracy benefits. Other studies support
this observation, noting that with experience and
frequent use, the ultrasound-guided technique
becomes more efficient over time.”

The significantly lower incidence of tachycardia in
Group USG (10% vs. 32%) further emphasizes the
effectiveness of this approach. Tachycardia during
surgical incision typically reflects an inadequate
block or incomplete analgesia, which was more
common in the landmark group. This finding is
consistent with prior research demonstrating better
spread of anesthetic and block confirmation when
ultrasound is used.??

The ultrasound technique also minimizes risks
such as intravascular injection, dural puncture,
and multiple needle attempts — complications
that, while rare, can have serious consequences
in pediatric patients. This study did not encounter
these adverse events, likely due to the skill level of
the anesthesiologists involved and the small sample
size.

The non-randomized design of the study is alimitation,
as it may introduce selection bias. However, both
groups were well matched in demographics and
baseline characteristics. Also, the same volume and
concentration of local anesthetic were used, and
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experienced providers carried out all procedures,
which helped standardize interventions.

This research contributes valuable data from a local
pediatric population, addressing the existing gap in
region-specific evidence. While international studies
support the role of ultrasound in improving regional
block techniques, this study reinforces its application
in resource-limited settings, demonstrating that it is
not only feasible but also highly beneficial.

CONCLUSION

In conclusion, ultrasound guidance significantly
improves the efficacy and safety profile of pediatric
caudal blocks compared to the landmark technique.
While it requires additional time and equipment, the

benefits — including higher success rates, better
intraoperative stability, and reduced procedural
discomfort — make it a superior choice for

infraumbilical surgeries in children. Based on these
results, ultrasound-guided caudal blocks should
be encouraged as a standard of care in pediatric
anesthesia, particularly when expertise and
resources allow.

Future studies should aim to further validate these
findings across diverse surgical types, age groups,
and clinical environments. Randomized multicenter
trials may provide stronger evidence and help
formulate guidelines for routine use of ultrasound in
pediatric regional anesthesia.
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