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Abstract

Corresponding author: Yaohua Yu.

Neuraxial anesthesia is often challenging in patients with obesity, spinal deformity,
prior spinal surgery, ankylosing spondylitis, or of advanced age, as conventional
landmark-based techniques frequently fail in this population. Ultrasound guidance
has improved puncture accuracy; however, commonly used approaches may still be
limited by patient positioning and the side from which the operator prefers to work. We
report five cases of extremely difficult neuraxial anesthesia in which the procedure was
successfully performed using an ultrasound-guided paramedian sagittal long-axis out-
of-plane approach. This technique allows continuous visualization of the lamina and the
anterior—posterior complex, providing a short and direct puncture path with real-time
guidance. All procedures were completed successfully on the first attempt, with short
puncture times and no anesthesia-related complications. These cases suggest that the
ultrasound-guided long-axis out-of-plane approach is a safe, effective, and flexible option
for managing difficult neuraxial anesthesia.
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1 BACKGROUND

Spinal anesthesia is commonly used for lower extremity, pelvic
and lower abdominal surgery. Traditional blind probing relies
on well-defined anatomical landmarks; however, in patients
with obesity, spinal deformity, history of spinal surgery, anky-
losing spondylitis, or degenerative spinal changes, optimal
patient positioning for the procedure is often difficult to achieve.
This can lead to puncture failure or an increased risk of com-
plications [1-3]. Ultrasound visualization provides real-time
image guidance, improving accuracy and safety [4-6]. In ultra-
sound-guided spinal puncture, the short-axis plane and the
paramedian sagittal oblique plane (a long-axis plane) are two
common approaches [7-9]. The latter can clearly visualize mul-
tiple segments of the lamina, ligamentum flavum, and dural
sac (i.e., the “anterior-posterior complex”) simultaneously [10].
However, it is more positionally demanding, as right-handed
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operators typically require the patient to lie on their left side.
The long-axis in-plane technique allows direct visualization of
the needle trajectory but is often limited by patient positioning
and operator handedness (Figure 1A). In contrast, the long-
axis out-of-plane technique is free from these constraints,
allows real-time needle tip tracking, and is ideally suited for
complex cases with unclear landmarks, narrow interspaces, or
difficult positioning (Figure 1B). This paper reports five suc-
cessful cases of difficult neuraxial anesthesia using the ultra-
sound-guided long-axis out-of-plane approach.

2 CASE PRESENTATION
2.1 Case 1

A 58-year-old male (120 cm, 35 kg, BMI 24.3 kg/m?) with con-
genital chest wall deformity, severe pulmonary dysfunction,
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Figure 1. Comparison of long-axis in-plane and out-of-plane ultrasound-guided techniques. Compared with short-axis scanning, the long-
axis view provides clearer visualization of intraspinal structures and allows continuous display of multiple interlaminar spaces, facilitating iden-
tification of the widest or most distinct acoustic window. The long-axis in-plane technique (A) enables direct visualization of the needle trajectory
but is limited by patient positioning and operator handedness. In contrast, the long-axis out-of-plane technique (B) is not constrained by these
factors, allows tracking of needle tip advancement, and is particularly suitable for patients with restricted positioning or narrow intervertebral

spaces.

and cor pulmonale required transurethral bladder lithotripsy.
Spinous processes T6-L2 were impalpable. Ultrasound
revealed a clear anterior—posterior complex at L4-L5 and L5—
S1. Combined spinal—epidural anesthesia was successfully per-
formed at L4—L5 using a long-axis out-of-plane approach in the
left lateral position. Needling time was 5 minutes, achieving a
T10 block with stable hemodynamics (Figure 2A-C).

2.2 Case 2

A 34-year-old obese parturient (160 cm, 85 kg, BMI 33.2 kg/
m?) at 39 weeks’ gestation had a history of lumbar internal
fixation and schizophrenia. Previous cesarean section had
required general anesthesia. Using laminar long-axis imaging
combined with transverse process localization, ultrasound
scanning identified the widest anterior—posterior complex at
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L2-L3. Spinal anesthesia was successfully performed via a
long-axis out-of-plane approach within 4 minutes, achieving a
T6 sensory level. Doppler ultrasound confirmed intrathecal
injection (Figure 2D-F).

2.3 Case 3

A 69-year-old patient (158 cm, 57 kg, BMI 22.8 kg/m?) with
prior L4—SI internal fixation presented with refractory left
lumbar radicular pain. Under ultrasound guidance, an epi-
dural puncture was performed at L3—L4 using the long-axis
out-of-plane technique, followed by injection of 5 mL of
anti-inflammatory and analgesic medication. The patient
experienced immediate and significant pain relief (Figure
2G-I).
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Figure 2. Ultrasound-guided long-axis out-of-plane neuraxial procedures in patients with challenging spinal conditions (Cases 1-5).
(A-C) Case 1: A patient with chronic obstructive pulmonary disease and cor pulmonale underwent transurethral cystolithotripsy (A). Three-
dimensional reconstruction revealed a congenital thoracic deformity (B). Feasible puncture windows were identified at L4—L5 and L5-S1. With
the patient in the left lateral position, combined spinal-epidural anesthesia was successfully performed at L4-L5 using an ultrasound-guided
long-axis out-of-plane approach (C). (D-F) Case 2: A parturient with a history of lumbar internal fixation underwent cesarean section (D). Ultra-
sound scanning demonstrated that the anterior—posterior complex was widest at the L2—L3 interspace (E). Doppler imaging in the short-axis view
showed blood flow signals during injectate administration (F). (G-I) Case 3: A patient with a history of L4—S1 lumbar internal fixation presented
with left-sided lumbosacral radicular pain (G). Three-dimensional reconstruction demonstrated the internal fixation hardware (H). A puncture
window was identified at L3—L4. With the patient in the right lateral position, a diagnostic lateral recess injection was performed at the L3—-L4
interspace using an ultrasound-guided long-axis out-of-plane approach (I). (J-L) Case 4: A patient with a left intertrochanteric femoral fracture
underwent proximal femoral nail antirotation surgery (J) and had concomitant ankylosing spondylitis (K). With the patient in the right lateral
position, spinal anesthesia was performed at the L2-L3 interspace using an ultrasound-guided long-axis out-of-plane approach. Doppler signals
generated by injectate spread were observed on the long-axis view (L). (M, N) Case 5: A patient with a left intertrochanteric femoral fracture
underwent proximal femoral nail antirotation surgery (M). With the patient in the right lateral position, combined spinal-epidural anesthesia was

successfully performed at the L5—S1 interspace using an ultrasound-guided long-axis out-of-plane approach (N).

2.4 Case 4

A 64-year-old male (170 cm, 55 kg, BMI 19.0 kg/m?) with
ankylosing spondylitis and a left intertrochanteric femoral
fracture underwent a fascia iliaca compartment block fol-
lowed by spinal anesthesia. Using ultrasound guidance in the
right lateral position, spinal anesthesia was successfully
achieved at L2-L3 via a long-axis out-of-plane approach.
Doppler signals confirmed injectate spread, and the sensory
block reached T8 without complications (Figure 2J-L).

2.5Case 5

A 96-year-old patient (150 cm, 40 kg, BMI 17.8 kg/m?) with
chronic lung disease and a left intertrochanteric fracture
posed significant anesthetic challenges. Ultrasound scanning
showed that only the L5—SI anterior—posterior complex was
clearly visible. Combined spinal—epidural anesthesia was suc-
cessfully performed at this level using a long-axis out-of-plane
approach. The puncture took 5 minutes, achieved a T10 block,
and was well tolerated (Figure 2M, 2N; see Supplementary
Video 1).

3 DISCUSSION

This case series includes patients with multiple factors associ-
ated with difficult spinal anesthesia, such as spinal deformity,
obesity, prior spinal fixation surgery, ankylosing spondylitis,
and advanced age. In these populations, conventional land-
mark-based puncture is often limited by obscure anatomical
landmarks, inaccurate localization, and repeated needle
attempts [1, 3]. Ultrasound-guided techniques—particularly
the long-axis out-of-plane approach—offer an effective solution
by enabling direct visualization of the interlaminar space,
ligamentum flavum, and dural sac (see Supplementary Video
2) [8, 10]. This approach is not constrained by operator hand-
edness or patient positioning and provides a short, direct
puncture path.
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The ultrasound-guided long-axis out-of-plane technique has
several notable advantages. First, it allows superior visual
localization. Compared with short-axis imaging, the long-axis
view clearly delineates the spinal canal and enables continuous
visualization of multiple interlaminar spaces, facilitating iden-
tification of the widest or most distinct acoustic window, espe-
cially in patients with absent or distorted surface landmarks [8,
10]. Second, it provides real-time guidance and confirmation.
Needle advancement can be dynamically observed as it passes
through the ligamentum flavum and dura mater. Correct nee-
dle tip placement can be further confirmed by anterior dis-
placement of the dural sac or color Doppler signals generated
by saline or drug injection, improving puncture accuracy and
safety [9]. Third, this technique aids accurate interspace identi-
fication. Laminar oblique scanning combined with transverse
process localization can reliably identify the target interverte-
bral level, which is particularly important in patients with
altered spinal anatomy [9, 10]. Finally, in this small series of
five patients, the technique was completed successfully on the
first attempt in all cases, with short puncture times and no
anesthesia-related complications. These preliminary findings
suggest the procedure may be feasible and well-tolerated,
although further studies with larger sample sizes are needed
to evaluate its success rate and safety more definitively.

Several technical considerations are essential for successful
application. A low-frequency convex probe is typically used,
with paramedian sagittal oblique scanning to align the ultra-
sound beam parallel to the lamina and obtain an optimal view
of the anterior—posterior complex. An out-of-plane needle
insertion technique is employed, with needle depth tracked by
subtle probe adjustments or the needle trajectory method. In
difficult situations, such as when only a single interlaminar
space is visible or when severe osteophyte formation is pres-
ent, probe angulation may need adjustment, and epidural saline
injection can assist in confirming loss of resistance and dural
sac movement. However, ultrasound penetration is limited in
cases of heavy calcification or extensive bony obstruction,
underscoring the need for adequate operator training and
experience.
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4 CONCLUSIONS

In conclusion, this case series of five patients with complex spi-
nal conditions demonstrates that the ultrasound-guided long-
axis out-of-plane approach was successfully performed on the
first attempt in all cases, with short puncture times and no
anesthesia-related complications. These preliminary findings
suggest the technique may be a feasible alternative for difficult
neuraxial anesthesia, although its efficacy and safety compared
with traditional methods cannot be determined from this small
series. Further large-scale, controlled studies are warranted to
validate these observations and define its potential role in clini-
cal practice.
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