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ABSTRACT

Background: Preprocedural ultrasound may improve the accuracy of
paramedian spinal anaesthesia by identifying the intervertebral space and
planning needle trajectory. This study compared ultrasound-assisted and
landmark-guided paramedian techniques in adults undergoing elective surgery.
Materials and Methods: This prospective, randomised controlled study
included 80 adults aged 21-60 years undergoing elective surgery under spinal
anaesthesia. Patients were randomly allocated to ultrasound-assisted
paramedian spinal anaesthesia (Group U, n=40) or landmark-guided
paramedian spinal anaesthesia (Group L, n=40). The primary outcome was the
number of needle passes required for successful dural puncture. Secondary
outcomes included needle insertion attempts, landmark identification time,
anaesthesia administration time, periprocedural pain, and procedural
complications. Results: The mean number of needle passes was significantly
lower in Group U than in Group L (1.28 £0.45 vs. 2.73 £ 0.60; P <0.001). The
mean number of insertion attempts was also lower (1.00 + 0.00 vs. 1.63 + 0.49;
P <0.001). Landmark identification required more time with ultrasound (60.48
+ 6.88 vs. 12.28 + 2.00 seconds; P < 0.001), whereas administration of
anaesthesia was faster (29.13 + 4.71 vs. 47.03 £ 7.03 seconds; P < 0.001).
Periprocedural pain was lower in Group U (2.38 £ 0.98 vs. 3.90 = 1.24; P <
0.001). Radicular pain and bloody tap occurred in 0 versus 3 (7.5%) patients,
respectively (P = 0.241), while no paresthesia occurred in either group.
Conclusion: Preprocedural ultrasound-assisted paramedian spinal anaesthesia
reduced needle passes, insertion attempts, and periprocedural pain compared
with the landmark-guided technique, although landmark identification required
additional time.

INTRODUCTION

successful dural puncture. Ultrasonography is a non-
invasive technique that provides visualisation of
spinal structures and may improve the efficacy of

The ideal technique for spinal anaesthesia requires
successful dural puncture with a single needle pass.
Multiple puncture attempts and needle redirections
are associated with an increased risk of needle
trauma, post-dural puncture headache, spinal
haematoma, backache, and paraesthesia.l'"¥]
Minimising the number of needle passes, and
insertion attempts is therefore desirable to reduce the
risk of complications and improve patient comfort
and satisfaction during spinal anaesthesia.[>7]

Spinal anaesthesia has traditionally relied on a
technique guided by surface anatomical landmarks.
However, identification of surface landmarks may be
difficult in some patients, and multiple punctures or
redirections of the needle may be required to achieve

spinal anaesthesia.l®!% Preprocedural ultrasound can
assist in accurate identification of the intervertebral
level, estimation of the depth of the intrathecal space,
and identification of the interlaminar window that
permits needle passage.®11 These features may
provide useful information before needle insertion
and help in planning the direction and depth of the
needle.

Paramedian spinal anaesthesia is an alternative
approach to the conventional midline technique and
uses a lateral entry point to access the subarachnoid
space. The paramedian approach provides access
through the interlaminar space without requiring
passage through the supraspinous and interspinous
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ligaments. The paramedian sagittal oblique (PSO)
view provided by ultrasound allows identification of
the relevant neuraxial structures and has been used as
an ultrasound-assisted technique for spinal
anaesthesia.>®!l Compared with landmark-guided
techniques, ultrasound-guided spinal anaesthesia has
been reported to improve first-pass success and
reduce the number of puncture attempts and needle
redirections, particularly in patients in whom spinal
anaesthesia may be technically difficult.-!!]
Previous studies have mainly focused on elderly
patients or those with technically difficult spinal
anatomy. Although ultrasound-assisted paramedian
spinal anaesthesia has shown benefits in needle
passes, insertion attempts, procedural time, and
patient comfort, evidence in general adults
undergoing elective surgery remains limited,
warranting further evaluation in this population.

The primary objective of this study was to assess
whether  the ultrasound-assisted  paramedian
technique could decrease the number of needle passes
required for successful dural puncture compared with
the landmark-guided paramedian technique in
elective cases. The secondary objectives were to
compare the number of needle insertion attempts,
time to identify landmarks, time required for
administering spinal anaesthesia, periprocedural pain
score, and the incidence of radicular pain,
paresthesia, and bloody tap between the two
techniques.

Aim

To assess whether ultrasound-assisted paramedian
technique can decrease the number of needle passes
for successful dural puncture compared with
landmark-guided paramedian technique in elective
cases.

MATERIALS AND METHODS

This prospective, randomised controlled study was
conducted in the Department of Anaesthesiology,
Mahatma Gandhi Memorial Government Hospital,
Tiruchirappalli, affiliated with K.A.P. Viswanatham
Government Medical College, Tiruchirappalli, India,
from December 2022 to December 2023. The study
included 80 patients scheduled for elective surgery
under spinal anaesthesia. Institutional Ethics
Committee  approval was obtained before
commencement of the study, and written informed
consent was obtained from all participants.
Inclusion and Exclusion criteria

Adults aged 21-60 years, classified as American
Society of Anesthesiologists (ASA) physical status -
IIT and scheduled for elective surgery under spinal
anaesthesia were eligible for inclusion.

Patients were excluded if they refused participation,
had hypersensitivity to local anaesthetics, local
infection at the lumbar puncture site, bleeding
disorders, hypovolaemia, space-occupying
intracranial lesions, pregnancy, vertebral spinal
deformity, previous spinal surgery, BMI >35 kg/m?,

or were unwilling to participate or unable to
communicate.

Randomisation and group allocation

Patients were randomly assigned to receive spinal
anaesthesia through the paramedian approach using
either preprocedural ultrasound guidance (Group U)
or conventional landmark guidance (Group L).
Randomisation was performed using computer-
generated random numbers. Allocation was
concealed using sequentially numbered, sealed,
opaque envelopes, which were opened by the
attending anaesthesiologist immediately before the
procedure.

Sample size calculation

The sample size was calculated based on a reference
study using the expected difference in the mean
number of needle passes between the ultrasound-
assisted and landmark-guided groups. The standard
deviation (o) was taken as 3.1, with a two-sided
significance level (a) of 0.05 and 80% power.

The assumed mean number of needle passes was 3.3
in the landmark-guided group and 1.3 in the
ultrasound-assisted group. The sample size was
calculated using the following formula:

N =[2 x 6% x (Za/2 + Z1-B)?*] / (n1 — p2)?

N= Sample size

Based on a reference study:

o = Standard deviation= 3.1

o= level of Significance = 0.05; Zo/2= 1.96
(Constant)

1-B= Power of the study = 80%; Z1-f= 0.84
(Constant)

pl= mean average number of passes of the
intervention phase 1 (without ultrasound assistance)
=33

pu2= Mean average number of passes of the
intervention 2 (with ultrasound assistance) = 1.3
Substituting the values:

N=[2x (3.1 x(1.96 +0.84)?] / (3.3 — 1.3)
N=[2x9.61 x(2.80)*]/(2.0)*

N=150.69 /4

N=137.67

Therefore, the minimum required sample size was 38
patients per group. A total of 80 patients (40 in each
group) were included in the study.

Anaesthetic procedure

In the operating room, standard monitoring was
established using non-invasive blood pressure,
electrocardiography, and pulse oximetry. Baseline
systolic blood pressure, diastolic blood pressure, and
heart rate were recorded. Intravenous access was
secured using an 18-G intravenous cannula. Patients
were positioned in the sitting position for spinal
anaesthesia.

In Group U, preprocedural ultrasound-assisted
paramedian spinal anaesthesia was performed using
a 2-5 MHz curvilinear probe. In the transverse
midline view, the neuraxial midline was identified
and marked on the skin. The probe was then rotated
90° to obtain a PSO view approximately 1-2 cm
lateral to the midline. The sacrum was identified first,
followed by identification of the individual
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interlaminar spaces from L5-S1 to L2-L3 using the
counting-up approach. The interlaminar space
showing the posterior complex (ligamentum flavum,
epidural space, and posterior dura) and anterior
complex (anterior dura, posterior longitudinal
ligament, and vertebral body) was clearly centred on
the screen. The interlaminar space providing the
largest available window was selected for the first
attempt. With the probe positioned to obtain the
clearest image, the skin was marked at the midpoints
of the long and short borders of the probe. The
midpoint of the probe was used as the needle
insertion point, and a vertical line indicating the
centre of the screen represented the imaginary needle
trajectory.® The medial angle of the probe providing
the clearest image in the PSO view was estimated and
used as the angle of needle insertion. The required
needle insertion depth was estimated by measuring
the distance from the skin to the posterior complex.
Additional intervertebral levels were marked for use
if the first attempt was unsuccessful. After skin
marking, the ultrasound gel was removed from the
insertion site. In Group U, the anaesthesiologist did
not palpate the surface landmarks until completion of
the spinal injection.

In Group L, the anaesthesiologist palpated the surface
landmarks, and spinal anaesthesia was administered
using the conventional paramedian approach. The
needle was inserted 1 cm lateral and 1 cm caudal to
the caudal edge of the superior spinous process and
directed 10-15° off the sagittal plane in the
cephalomedial direction.!®

In both groups, strict aseptic precautions were
followed. A 25-G Quincke bevel spinal needle was
used. After confirmation of free flow of clear
cerebrospinal fluid, 0.5% hyperbaric bupivacaine
was administered intrathecally, with the dose
determined at the discretion of the attending
anaesthesiologist. Intrathecal fentanyl 20 pg could
also be administered at the discretion of the
anaesthesiologist.

If dural puncture was not achieved after five attempts,
an alternative technique could be used. In Group U,
this included the midline approach or landmark
palpation, while in Group L, the midline approach or
ultrasound-assisted technique could be used.
Statistical Analysis

Data were analysed using IBM SPSS Statistics
version 21.0 (IBM SPSS Science Inc., Chicago, IL,
USA). Continuous variables were expressed as mean

+ standard deviation, while categorical variables
were presented as frequency and percentage.
Continuous variables were compared between the
two groups using the independent-samples t-test.
Categorical variables were compared using Fisher’s
exact test. A two-tailed P value <0.05 was considered
statistically significant.

Assessed for eligibility
(n=80)

Excluded (n=0)

Enrollment

Not meeting inclusion criteria
(n=0)

Refused to participate

(n=0)

Other reasons (n = 0)

Randomized (n = 80)

Allocated to ultrasound- Allocated to landmark-
guided paramedian guided paramedian
spinal anaesthesia spinal anaesthesia

= (Group U) (n = 40) (Group L) (n = 40)

S

§ Received allocated Received allocated

é intervention (n = 40) intervention (n = 40)

<
Did not receive allocated Did not receive allocated
intervention (n = 0) intervention (n = 0)
Group U Group L

s Lost to follow up Lost to follow up

2 (n=0) @=0)

=2

g Discontinued intervention Discontinued intervention
(0=0) (=0

) Group U Group L

E Analyzed (n = 40) Analyzed (n = 40)

g Excluded from analysis Excluded from analysis

< = —
(n=0) n=0)

Figure 1: CONSORT flow diagram

RESULTS

The mean age was 41.83 + 11.89 years in Group U
and 43.00 + 12.73 years in Group L (P = 0.671). The
mean height was 1.55 = 0.05 m and 1.53 £ 0.05 m,
respectively (P =0.231). The mean weight was 64.58
+ 7.99 kg in Group U and 61.85 + 7.08 kg in Group
L (P=0.111). The mean BMI was 27.02 + 3.15 kg/m?
and 26.43 + 3.60 kg/m?, respectively (P = 0.444).
[Table 1]

Table 1: Baseline demographic characteristics

Variable Group U Group L P value
Age (years) 41.83 £ 11.89 43.00 = 12.73 0.671
Height (m) 1.55 +0.05 1.53 £ 0.05 0.231
Weight (kg) 64.58 £7.99 61.85+7.08 0.111

BMI (kg/m?) 27.02£3.15 26.43 £3.60 0.444

Values expressed as mean + standard deviation. P < 0.05 was considered statistically significant. Student's t-test.

The mean number of needle passes was 1.28 + 0.45
in Group U and 2.73 £ 0.60 in Group L (P < 0.001).
In Group U, 29 (72.5%) patients required one pass

and 11 (27.5%) required two passes, whereas in
Group L, 14 (35.0%), 23 (57.5%), and 3 (7.5%)
patients required two, three, and four passes. The
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mean number of needle insertion attempts was 1.00 £+
0.00 in Group U and 1.63 + 0.49 in Group L (P <
0.001). The mean time to identify landmarks was
60.48 + 6.88 seconds in Group U and 12.28 + 2.00

seconds in Group L (P <0.001), while the mean time
for administering anaesthesia was 29.13 + 4.71
seconds and 47.03 £+ 7.03 seconds, respectively (P <
0.001). [Table 2]

Table 2: Procedural outcomes

Variable Group U Group L P value
1.28 +£0.45 2.73 £0.60 <0.001
29 (72.5%) 0
Number of needle passes 2 passes 11 (27.5%) 14 (35.0%)
3 passes 0 23 (57.5%)
4 passes 0 3 (7.5%)
1.00 = 0.00 1.63+0.49 <0.001
Number of needle insertion attempts 1 attempt 40 (100%) 15 (37.5%)
2 attempts 0 25 (62.5%)
Time to identify landmarks (sec) 60.48 + 6.88 12.28 +£2.00 <0.001
Time for administering anaesthesia (sec) 29.13+£4.71 47.03 +£7.03 <0.001

Values expressed as mean =+ standard deviation or n (%). P <0.05 was considered statistically significant. Student's
t-test was used for continuous variables and Fisher's exact test for categorical variables.

The mean periprocedural pain score was 2.38 + 0.98
in Group U and 3.90 + 1.24 in Group L (P < 0.001).
Radicular pain occurred in 0 (0%) patients in Group
U and 3 (7.5%) in Group L (P = 0.241). Bloody tap

occurred in 0 (0%) patients in Group U and 3 (7.5%)
in Group L (P =0.241). Paresthesia was reported in 0
(0%) patients in both groups (P = 1.000). [Table 3]

Table 3: Periprocedural pain and complications

Variable Group U Group L P value
Periprocedural pain score 2.38+0.98 3.90+1.24 <0.001
Radicular pain ?\;’S 20 (1% 0%) 3; gzsns/g/)o) 0.241
Bloody tap S1(\1605 20 (1%0%) 3; gzsnsé/)o) 0.241
Paresthesia T\Ieos 40 (1%0%) 40 (1%0%) !

Values expressed as mean + standard deviation or n (%). P <0.05 was considered statistically significant. Student's
t-test was used for the pain score and Fisher's exact test for categorical variables.

DISCUSSION

The current study showed that the ultrasound-assisted
paramedian technique was associated with fewer
needle passes and insertion attempts than the
landmark-guided paramedian technique. It was also
associated with lower periprocedural pain. The
baseline characteristics, including age, height,
weight, and body mass index, were comparable
between Group U and Group L, with no significant
differences observed.

Park et al. conducted a RCT in 80 patients aged at
least 60 years and compared ultrasound-assisted with
landmark-guided paramedian spinal anaesthesia. The
median number of needle passes was significantly
lower in the ultrasound group than in the landmark
group (1.0 [1.0-2.0] vs. 4.5 [2.0-7.0], P < 0.001),
while first-pass success was higher (65.0% vs.
17.5%, P < 0.001).012]

In the present study, the Group U required
significantly fewer needle passes and insertion
attempts than the Group L. Most patients in the
Group U required only one or two needle passes,
whereas three or four passes were more frequently
required in the Group L. All patients in the Group U
required only one insertion attempt, compared with
37.5% in the Group L.

Qu et al. reported similar findings in 80 elderly
patients undergoing combined spinal-epidural
anaesthesia. The first-pass success rate was 70% in
the ultrasound group compared with 20% in the
landmark group (P < 0.001), while the first-attempt
success rate was 85% and 42.5%, respectively (P <
0.001). The median number of attempts was 1 [1,1]
versus 2 [1,2], and the median number of needle
passes was 1 [1,2] versus 3 [2,4] in the ultrasound and
landmark group, respectively (both P < 0.001).13
Khan et al. reported higher first-pass success with
ultrasound (86.0% vs. 60.0%, P = 0.001) and fewer
attempts (P = 0.023). Ultrasound required more time
for landmark identification (1.45 + 0.47 vs. 0.79 +
0.34 min, P =0.003) but less time to accomplish CSE
(1.47 £ 0.55 vs. 2.73 £ 1.36 min, P = 0.005).!4
Together, these findings support the use of ultrasound
to facilitate needle placement and reduce the number
of attempts required for neuraxial anaesthesia.

Uyel et al. also reported similar findings in 156
elderly patients with difficult spinal anatomy. First-
attempt success was higher with ultrasound than with
landmark guidance (74.4% vs. 53.8%, P = 0.008),
while the median number of needle insertion attempts
(1 [1-2] vs. 2 [1-3], P = 0.038) and needle
redirections (2 [1-4] vs. 3 [2-5], P = 0.028) were
lower with ultrasound. 15
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Chin et al. studied ultrasound-assisted spinal
anaesthesia in 50 patients undergoing total joint
arthroplasty. Dural puncture was achieved with one
needle insertion attempt in 84% of patients and
within two attempts in 98% of patients. The median
number of needle insertion attempts was 1, and the
ultrasound-measured depth to the intrathecal space
showed good correlation with the actual needle
insertion depth (concordance correlation coefficient
= 0.82). Although this was a prospective descriptive
study rather than a direct comparison with landmark
guidance, it supports the use of preprocedural
ultrasound for identifying lumbar intervertebral
spaces before spinal anaesthesia.['!]

Regarding procedure times, the present study found
that ultrasound required more time for landmark
identification but less time for administering spinal
anaesthesia than the landmark-guided technique.
Park et al. similarly reported a longer time for
establishing landmarks with ultrasound (117.5 s
[85.5-150.7] vs. 17.5 s [14.0-23.0]) but a shorter
time for administering spinal anaesthesia (39.5 s
[31.5-71.3] vs. 77.0 s [45.8-136.5], P < 0.001).
However, their total procedure time was longer in the
ultrasound group (181.5 s [133.5-212.5] vs. 92.5 s
[62.5-176.5]).' Khan et al. also reported longer
landmark-identification time with ultrasound (1.45 +
0.47 vs. 0.79 = 0.34 min, P = 0.003), but shorter time
to accomplish CSE (1.47 + 0.55 vs. 2.73 £ 1.36 min,
P = 0.005).14 Qu et al. similarly reported longer
locating time and total procedure time but shorter
puncture time in the ultrasound group.['*] Thus,
preprocedural ultrasound requires additional time for
landmark identification, while the subsequent
administration or puncture phase may require less
time.

The present study also found a lower periprocedural
pain score in the Group U than in the Group L. The
lower pain score may be related to the lower number
of needle passes and insertion attempts. Park et al.
similarly reported lower periprocedural pain scores in
the Group U compared with the Group L (3 [2—4] vs.
4 [4-6], P = 0.009) and lower discomfort scores (2
[0-3] vs. 5 [2—-6], P = 0.003).12 These findings are
consistent with the present study and suggest that
fewer needle passes may be associated with less
periprocedural discomfort.

Regarding adverse events, no cases of radicular pain
or bloody tap were reported in the Group U, whereas
these events occurred in a small number of patients
in the Group L; the differences were not statistically
significant. No cases of paresthesia were reported in
either group. Qu et al. also reported no significant
difference in procedural adverse reactions and
postoperative complications between the ultrasound
group and landmark group. Thus, no significant
difference was observed in the reported
periprocedural complications between the two
groups.[!?]

Limitations

We opted for a preprocedural ultrasound-assisted
technique rather than a real-time ultrasound-guided

technique. We found the preprocedural approach
more practical for our hospital setting. However, this
method has some inherent inaccuracy because it uses
a curved-array probe, and the insertion angle depends
on the anaesthesiologist’s memory rather than exact
measurements.

CONCLUSION

The preprocedural ultrasound-assisted paramedian
technique significantly reduced the number of needle
manipulations required for spinal anaesthesia and
was associated with lower periprocedural pain and
discomfort compared with the landmark-guided
paramedian technique.
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