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INTRODUCTION 

Recently, the use of ultrasonography has become popu-

lar in operating rooms. The lumbar neuraxial block was 

traditionally performed using a surface landmark-guided 

technique. However, ultrasound (US)-guided technique 

has been more frequently used for neuraxial block. This ar-

ticle reviews the sonoanatomy of the lumber spine, 

US-guided techniques for neuraxial block, and current evi-

dence for the clinical usefulness of US-guided lumbar 

neuraxial block. 

GROSS ANATOMY OF THE LUMBAR 
VERTEBRAE 

The lumbar vertebra is composed of the vertebral body, 

pedicle, transverse process, superior articular process, in-

ferior articular process, lamina, and spinous process. The 

gaps between two adjacent vertebrae can be divided into 

Ultrasonography for lumbar neuraxial block 

Seokha Yoo, Youngwon Kim, Sun-Kyung Park, Sang-Hwan Ji, and 
Jin-Tae Kim

Department of Anesthesiology and Pain Medicine, Seoul National University 

Hospital, Seoul National University College of Medicine, Seoul, Korea
Recieved August 3, 2020
Accepted August 20, 2020

Corresponding author 
Jin-Tae Kim, M.D., Ph.D. 
Department of Anesthesiology and 
Pain Medicine, Seoul National 
University Hospital, Seoul National 
University College of Medicine, 101 
Daehak-ro, Jongno-gu, Seoul 03080, 
Korea 
Tel: 82-2-2072-3295
Fax: 82-2-747-8363
E-mail: jintae73@gmail.com  

Ultrasonography can be useful to perform a lumbar neuraxial block. It aids in understanding 
the anatomy of the lumbar spine before the procedure. Preprocedural ultrasound imaging 
provides information about the accurate intervertebral level for puncture, optimal needle in-
sertion point, and depth of needle advancement for a successful neuraxial block. The key 
ultrasonographic views for lumbar neuraxial block include the transverse midline interlami-
nar and parasagittal oblique views. Ultrasonography can facilitate lumbar neuraxial block in 
difficult cases, such as the elderly, obese patients, and patients with anatomical abnormali-
ty of the lumbar spine. This review elucidates the basics of spinal ultrasonography for lum-
bar neuraxial block and the current evidence regarding ultrasound-guided neuraxial block in 
adults. 

Keywords: Anesthesia, epidural; Anesthesia, spinal; Lumbar vertebrae; Ultrasonography.

Review
Anesth Pain Med 2020;15:397-408
https://doi.org/10.17085/apm.20065
pISSN 1975-5171 • eISSN 2383-7977

the interspinous and interlaminar spaces. The interlaminar 

space is bounded by the bases of the spinous processes, 

laminae, inferior articular processes, and superior articular 

processes (Fig. 1). For successful dural puncture, the spinal 

needle should be entered through the interlaminar space. 

SONOANATOMY OF THE LUMBAR 
VERTEBRAE 

To obtain ultrasonographic view of the lumber spine, a 

curved-array probe is placed on the patient’s back in sitting 

or lateral decubitus position with lumbar spine flexion. An 

US probe can be applied in three basic ways: sagittal, trans-

verse, and diagonal views. The angle of the probe can be 

adjusted medially in the parasagittal plane or tilted cepha-

lad or caudad in the transverse plane to obtain the best im-

age of the target structures. Although the diagonal view is 

not commonly used for preprocedural US imaging, it can 

be used for real-time US-guided neuraxial block.  
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SAGITTAL VIEWS OF THE LUMBAR SPINE 

There are five basic sagittal plane views of the lumbar 

spine according to the probe location and direction. By mov-

ing the probe from a lateral position to the midline of the 

neuraxis, sagittal transverse process, sagittal articular pro-

cess, sagittal lamina, and sagittal spinous process views can 

be obtained (Fig. 2A–D). From the probe position having the 

sagittal articular process view or sagittal lamina view, the 

parasagittal oblique view can be obtained by tilting the 

probe medially towards the midline (Fig. 2E). The parasagit-

tal oblique view can be used for the determination of opti-

mal intervertebral level for puncture by identifying the inter-

vertebral level at which the posterior complex (ligamentum 

flavum–dura complex) and the anterior complex (the poste-

rior longitudinal ligament, posterior surface of the vertebral 

body, and intervertebral disc) are visualized most clearly. It 

is also useful to select the intervertebral level at which the 

interlaminar height is the largest. 

TRANSVERSE VIEWS OF THE LUMBAR 
SPINE 

There are two basic transverse views for lumbar neuraxi-

al block: transverse spinous process view and transverse 

interlaminar view. The transverse spinous process view is 

used to determine the midline composed of connecting 

spinous process tips (Fig. 3A). The transverse interlaminar 

view can be obtained by sliding the probe in a cephalad or 

caudad direction from the transverse spinous process view 

(Fig. 3B). Slight cephalad or caudad tilt in the transverse 

interlaminar view may be needed to obtain the image 

showing the dural sac located between the anterior and 

posterior complexes (Fig. 3C). 

DIAGONAL VIEW OF THE LUMBAR SPINE 

The diagonal view can be obtained by rotating the probe 

approximately 45 degrees from the sagittal articular pro-

cess view, resulting in a combination of transverse and sag-

ittal views. In this view, the spinous process of the upper 

vertebral body, interlaminar space, and lamina of the lower 

vertebral body can be visualized. It can be used for re-

al-time US-guided neuraxial block (Fig. 4). 

US-GUIDED TECHNIQUES FOR LUMBAR 
NEURAXIAL BLOCK 

A systematic approach to US-guided lumbar neuraxial 

block in adults has been well-described in a previous re-
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Fig. 1. Lumbar vertebrae anatomy.
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Fig. 2. Sagittal views of the lumbar spine. (A) Sagittal transverse process view, (B) sagittal articular process view, (C) sagittal lamina view, (D) 
sagittal spinous process view, (E) parasagittal oblique view. TP: transverse process, AP: articular process, L: lamina, SP: spinous process, PC: 
posterior complex, AC: anterior complex, SC: spinal canal (intrathecal space).
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Fig. 3. Transverse views of the lumbar spine. (A) Transverse spinous process view, (B) transverse interspinous process view, (C) tilted transverse 
interspinous process view. SP: spinous process, AP: articular process, L: lamina, PC: posterior complex, AC: anterior complex, SC: spinal canal 
(intrathecal space).
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view article [1]. 

Ultrasonography can be used in two basic ways for lum-

bar neuraxial block: preprocedural US scanning or re-

al-time US-guidance. A low-frequency (e.g., 2–5 MHz), 

curved-array US probe is usually used. To optimize sono-

graphic images, adjustment of depth (usually 7–10 cm), fo-

cus positioning, and gain settings on the US machine are 

essential. During US-guided neuraxial block, it is crucial to 

remove gel or chlorhexidine from the skin before needle 

insertion to avoid potential neurologic complications, in-

cluding adhesive arachnoiditis [2,3]. 

Preprocedural US-assisted midline approach 

1. Confirm the midline based on the spinous processes 

by placing the US probe over the midline in a horizon-

tal orientation (the transverse spinous process view). 

2. Locate the interlaminar space using the parasagittal 

oblique view or transverse interlaminar view and 

choose the most appropriate intervertebral level for 

neuraxial puncture. 

3. Determine the needle insertion point and angle of 

needle trajectory using the transverse interlaminar 

view. The US probe can be tilted cephalad or caudad 

to visualize the intrathecal space. Remember the 

three-dimensional angle of the probe where the pos-

terior and anterior complexes are visualized most 

clearly. 

4. Estimate the depth of needle insertion by measuring 

the distance from the skin to the posterior complex.  

5. Perform neuraxial block by inserting a needle at the 

predetermined insertion point with the insertion angle.  

Preprocedural US-assisted paramedian approach 
based on bony structures 

1. Confirm the neuraxial midline based on the spinous 

processes as per the transverse spinous process view. 

2. Locate the interspinous space using the transverse 

view. If possible, identify the interlaminar space using 

the parasagittal oblique view and select the interver-

tebral level for neuraxial puncture. 

3. Having identified the midline, spinous process, and 

interlaminar space, insert a spinal needle at the point 

approximately 1 cm superior to the lower spinous 

process and 1 cm lateral to the midline, or at the point 

approximately 1 cm inferior to the caudad tip of the 

upper spinous process and 1 cm lateral to the midline. 

4. Slight medial (5–10 degree) and cephalad (5–10 de-

gree) angulation of needle insertion may be needed 

similar to a conventional paramedian approach. 

The abovementioned approach is similar to the conven-

tional paramedian approach in dependence on the location 

of key bony structures. However, with the help of a US scan, 

more precise identification of underlying bony structures is 

possible. This approach can be useful in extremely obese 

patients or when the quality of US images is inadequate. 

Preprocedural US-assisted paramedian approach 
based on the parasagittal oblique view 

1. Confirm the midline in the transverse spinous process 

view and apply the probe in a longitudinal direction 

1–2 cm lateral to the midline with a slight medial tilt. 

Fig. 4. Diagonal view of the lumbar spine. Probe is applied over the spinous process of the upper lumbar vertebra and lamina of the lower 
lumbar vertebra. SP: Spinous process, SC: spinal canal, L: lamina. Arrow: pathway of spinal needle.
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2. Identify the interlaminar space in the parasagittal 

oblique view and select the intervertebral level that 

provides the largest interlaminar space. 

3. Determine the medial angle of the sagittal plane pro-

viding the clearest image of the interlaminar space. 

Slight cephalad or caudad angulation of the probe 

may be necessary in some cases. 

4. Estimate the depth of needle insertion by measuring 

the distance from the skin to the posterior complex. 

5. Insert a needle at the designated insertion point with 

the designated angle. 

Paramedian approach based on the parasagittal oblique 

view has potential advantages over the midline approach 

using the transverse interlaminar view because the 

parasagittal oblique view provides better visibility of the 

interlaminar space than the transverse interlaminar view, 

especially in the elderly. When the US beam reaches the 

spinal canal in the parasagittal oblique view, the needle 

can also reach the canal through the same pathway. When 

using US-assisted paramedian approach, cephalad or cau-

dad needle angulation may not be required. This approach 

can be the most direct way to the intrathecal or epidural 

space through the interlaminar space considering only 

medial angulation. 

Real-time US-guided neuraxial block 

Real-time US-guided neuraxial block is a feasible and 

promising technique that can result in successful neuraxial 

anesthesia in difficult cases [4,5]. However, it is tricky to 

perform because of the large size of the probe, small gauge 

of the needle, and relatively deep target structure. There 

are several methods to perform real-time US-guided 

neuraxial block, including sagittal, transverse, and diago-

nal in-plane approaches. 

Real-time US-guided spinal anesthesia using in-plane 

approach based on the parasagittal oblique view can in-

crease first-attempt success rate compared to the land-

mark-guided paramedian approach technique [6]. Needle 

approach from the non-dependent side may lead to dry tap 

due to gravity, even if the needle tip is placed in the intra-

thecal space. A prospective observational study showed 

that real-time US-guided spinal anesthesia using in-plane 

approach based on the diagonal view was successfully per-

formed in 97 out of 100 consecutive patients within three 

median needle passes [7]. Probe application site can be 

slightly moved to secure the room for puncture site and 

needle manipulation during the transverse in-plane para-

median approach [8]. Electromagnetic needle tracking sys-

tem can also be used for real-time US-guided spinal anes-

thesia [9]. 

US-guided neuraxial block in patients with scoliosis 

Preprocedural US assistance may have potential benefits 

in neuraxial block for patients with scoliosis. Systematic al-

gorithms to guide neuraxial techniques in patients with 

scoliosis have been described previously [10,11]. Several 

earlier publications have demonstrated that the use of ul-

trasonography is useful for spinal anesthesia in patients 

with scoliosis [5,12,13]. The lateral curvature of the scoliot-

ic spine can be confirmed by marking out all spinous pro-

cess tips using ultrasonography. Simple spinal radiographs 

or computed tomography are also helpful. In addition to 

the lateral curvature, rotational change of the vertebral 

body should be considered when performing neuraxial 

block in these patients. During the paramedian approach, 

it is easier to insert a needle on the convex side of the ver-

tebral column after confirming the spinous process consid-

ering the needle insertion angle. For example, in the para-

median approach, if the rotation of the vertebral body is 

approximately 15 degrees in a patient with scoliosis, the 

needle insertion site is on the convex side of the spinous 

processes, therefore, the angle of needle trajectory would 

be perpendicular to the skin towards the interlaminar 

space (Fig. 5A). On the other hand, when using the midline 

approach through the interspinous space in a patient with 

scoliosis, the angle of needle insertion would be 15 degrees 

off the sagittal plane towards the convex side (Fig. 5B). 

USEFULNESS OF US-GUIDED NEURAXIAL 
BLOCK 

US imaging can provide important clinical information 

for a successful neuraxial block. Ultrasonography aids in 

identification of the accurate puncture level by providing 

information, such as the widest inter-laminar space, depth 

to the dura from the skin, and accurate spinal level. 

To achieve successful neuraxial blockade, accurate iden-

tification of the intervertebral spaces is crucial. US imaging 

is also useful in localizing the intervertebral spaces and 

identifying lumbar vertebral level. Although many anesthe-

siologists used to identify the vertebral level by palpation 

when performing neuraxial blockade, previous studies 
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consistently showed that identification of the intervertebral 

level using palpation is unreliable [14–17]. Preprocedural 

neuraxial US imaging not only provides the anatomical de-

tails of the intervertebral space and bony structures but 

also the optimal skin puncture point and needle insertion 

angle, and these are valuable for improving the ease of per-

forming neuraxial blockade [18,19]. 

Preprocedural neuraxial US imaging can facilitate dural 

puncture or epidural catheterization by predicting the dis-

tance from the skin to the epidural or intrathecal space. 

Many studies demonstrated that US-determined depth to 

the epidural or intrathecal space was well-correlated with 

the actual needle depth [20–23]. Moreover, the information 

on the distance from the skin to the epidural space can de-

crease the rate of failed labor epidural analgesia and re-

duce the number of epidural attempts, even by trainees 

[24]. It should be noted, however, that the depth predicted 

by ultrasonography can underestimate the true distance 

from the skin to the epidural or intrathecal space because 

of tissue compression by the probe for image optimization. 

The accurate identification of the intervertebral level is 

also related to safety issues in neuraxial blockade. Ultraso-

nography more accurately determines the intervertebral 

level than palpation [17]. The level of the conus medullaris 

varies from T12 to L3 [25]. Although most studies on US-as-

sisted neuraxial blockade evaluated safety outcomes as 

secondary outcome measures [26], preprocedural US im-

aging may help in avoiding conus medullaris injury, which 

can be caused by unintended dural puncture in the level 

above the L1-L2 interspace.  

UP-TO-DATE LITERATURE REVIEW 

The utility of US imaging in improving technical perfor-

mance of neuraxial blockade has been evaluated in various 

patient populations. Table 1 shows the results of random-

ized controlled trials regarding the efficacy of US-guided 

neuraxial blockade compared with landmark-guided tech-

nique.

Obstetric population 

Early studies on US-assisted neuraxial block were con-

ducted in obstetric patients. In a series of randomized con-

trolled trials from 2001 to 2002, Grau et al. [27,28] reported 

that preprocedural US imaging was associated with fewer 

needle passes and better analgesic efficacy in labor epidur-

al analgesia. Additionally, for parturients with anticipated 

technical difficulty, including history of difficult epidural 

puncture, anatomical alteration of the lumbar spine, and 

body mass index >  33 kg/m2, US assistance resulted in 

fewer needle passes, fewer puncture sites, lower pain score, 

and improved patient satisfaction [29]. 

However, more recent studies have shown inconsistent 

results. Nassar and Abdelazim [30] reported that US imag-

ing increased the rate of successful procedure at the first 

attempt and reduced the number of needle passes com-

pared to the palpation technique for combined epidur-

al-spinal anesthesia (CSE). Perna et al. [31] also reported 

that US assistance enhanced technical performance of la-

bor epidural analgesia, by providing anatomical informa-

tion on the location of the intervertebral space, optimal 

needle insertion point, and tilting angle of the epidural 

needle. In contrast, other studies failed to highlight the 

benefits of preprocedural US imaging in obstetric patients 

[32–35]. Possible explanations for the conflicting results are 

Fig. 5. Ultrasound scans for patients with scoliosis. (A) Paramedian 
approach. (B) Midline approach.

midline of spinal column

A B

402 www.anesth-pain-med.org

Anesth Pain Med Vol. 15 No. 4



K
S

R
A

Ta
bl

e 
1

. R
an

do
m

ize
d 

Co
nt

ro
lle

d 
Tr

ia
ls

 o
n 

th
e 

Ef
fic

ac
y 

of
 U

ltr
as

ou
nd

-g
ui

de
d 

N
eu

ra
xi

al
 B

lo
ck

ad
e 

Co
m

pa
re

d 
w

ith
 L

an
dm

ar
k-

gu
id

ed
 T

ec
hn

iq
ue

St
ud

y
Pa

tie
nt

s
Pr

oc
ed

ur
e

O
pe

ra
to

r
O

ut
co

m
e

R
es

ul
ts

*

O
bs

te
tr

ic
 p

at
ie

nt
s

G
ra

u 
et

 a
l.,

 2
00

1  
[2

7 ]
Pa

rt
ur

ie
nt

s 
un

de
rg

oi
ng

 c
es

ar
ea

n 
se

ct
io

n
CS

E
Si

ng
le

 e
xp

er
ie

nc
ed

 a
ne

st
he

si
ol

og
is

t
Th

e 
ra

te
 o

f s
uc

ce
ss

fu
l p

un
ct

ur
e 

at
 th

e 
fir

st
 n

ee
dl

e 
pa

ss
es

75
%

 in
 U

S 
gr

ou
p 

vs
. 2

0 %
 in

 c
on

tr
ol

 
gr

ou
p 

(P
 <

 0
.0

01
)

G
ra

u 
et

 a
l.,

 2
00

2  
[2

8 ]
Pa

rt
ur

ie
nt

s 
un

de
rg

oi
ng

 e
pi

du
ra

l a
ne

st
he

-
si

a
Ep

id
ur

al
Si

ng
le

 e
xp

er
ie

nc
ed

 a
ne

st
he

si
ol

og
is

t
Th

e 
nu

m
be

r o
f n

ee
dl

e 
pa

ss
es

1 .
3  

±
 0

.6
 in

 U
S 

gr
ou

p 
vs

. 2
.2

 ±
 1

.1
 

in
 c

on
tr

ol
 g

ro
up

 (P
 =

 0
.0

13
)

Va
lle

jo
 e

t a
l.,

 2
01

0  
[2

4 ]
Pa

rt
ur

ie
nt

s 
un

de
rg

oi
ng

 la
bo

r e
pi

du
ra

l a
n-

al
ge

si
a

Ep
id

ur
al

- U
S 

sc
an

: s
in

gl
e 

ex
pe

rie
nc

ed
 a

ne
st

he
-

si
ol

og
is

t
- S

ki
n 

pu
nc

tu
re

: f
irs

t g
ra

de
 re

si
de

nt
s 

w
ith

 <
 5

 e
pi

du
ra

l a
tte

m
pt

s

Th
e 

ra
te

 o
f f

ai
le

d 
ep

id
ur

al
 te

ch
ni

qu
e

1 .
6 %

 in
 U

S 
gr

ou
p 

vs
. 5

.5
%

 in
 c

on
-

tr
ol

 g
ro

up
 (P

 <
 0

.0
2 )

An
sa

ri 
et

 a
l.,

 2
01

4  
[3

2 ]
Fu

ll-
te

rm
 s

in
gl

et
on

 p
ar

tu
rie

nt
s 

w
ith

 p
al

pa
-

bl
e 

an
at

om
ic

al
 la

nd
m

ar
ks

Sp
in

al
Se

ni
or

 e
xp

er
ie

nc
ed

 a
ne

st
he

si
ol

og
is

ts
Th

e 
pr

oc
ed

ur
e 

tim
e 

(fr
om

 th
e 

tim
e 

of
 

sk
in

 p
un

ct
ur

e 
to

 th
e 

tim
e 

of
 v

ie
w

in
g 

CS
F 

at
 th

e 
hu

b 
of

 th
e 

sp
in

al
 n

ee
dl

e)

In
si

gn
ifi

ca
nt

N
as

sa
r e

t a
l.,

 2
01

4  
[3

0 ]
Pa

rt
ur

ie
nt

s 
un

de
rg

oi
ng

 la
bo

r e
pi

du
ra

l a
n-

al
ge

si
a

CS
E

Ex
pe

rie
nc

ed
 a

ne
st

he
si

ol
og

is
ts

Th
e 

ra
te

 o
f s

uc
ce

ss
fu

l p
un

ct
ur

e 
at

 th
e 

fir
st

 n
ee

dl
e 

pa
ss

es
67

.3
%

 in
 U

S 
gr

ou
p 

vs
. 4

0 %
 in

 c
on

-
tr

ol
 g

ro
up

 (P
 =

 0
.0

37
)

Ar
zo

la
 e

t a
l.,

 2
01

5  
[3

3 ]
Fu

ll-
te

rm
 p

ar
tu

rie
nt

s 
w

ith
 e

as
ily

 p
al

pa
bl

e 
lu

m
ba

r s
pi

ne
s

Ep
id

ur
al

Tr
ai

ne
es

 (m
ix

 o
f r

es
id

en
ts

 a
nd

 fe
llo

w
s)

Th
e 

ea
se

 o
f i

ns
er

tio
n 

(c
om

po
si

te
 o

f d
u-

ra
tio

n,
 n

um
be

r o
f i

nt
er

sp
ac

e 
le

ve
ls

, 
an

d 
nu

m
be

r o
f n

ee
dl

e 
pa

ss
es

)

In
si

gn
ifi

ca
nt

Pe
rn

a 
et

 a
l.,

 2
01

7  
[3

1 ]
Pa

rt
ur

ie
nt

s 
un

de
rg

oi
ng

 la
bo

r e
pi

du
ra

l a
n-

al
ge

si
a

Ep
id

ur
al

Si
ng

le
 e

xp
er

ie
nc

ed
 a

ne
st

he
si

ol
og

is
t

Th
e 

nu
m

be
r o

f n
ee

dl
e 

pa
ss

es
1 .

70
 ±

 0
.8

7  
in

 U
S 

gr
ou

p 
vs

. 3
.4

3  
±

 3
.8

0  
in

 c
on

tr
ol

 g
ro

up
 (P

 =
 

0 .
01

9 )

Ta
w

fik
 e

t a
l.,

 2
01

7  
[3

4 ]
Fu

ll-
te

rm
 s

in
gl

et
on

 p
ar

tu
rie

nt
s 

w
ith

 p
al

pa
-

bl
e 

an
at

om
ic

al
 la

nd
m

ar
ks

CS
E

Si
ng

le
 e

xp
er

ie
nc

ed
 a

ne
st

he
si

ol
og

is
t

Th
e 

ra
te

 o
f s

uc
ce

ss
fu

l e
pi

du
ra

l c
at

he
r-

iz
at

io
n 

at
 th

e 
fir

st
 n

ee
dl

e 
pa

ss
In

si
gn

ifi
ca

nt

Tu
rk

st
ra

 e
t a

l.,
 2

01
7  

[3
5 ]

Si
ng

le
to

n 
pa

rt
ur

ie
nt

s
Sp

in
al

- U
S 

sc
an

: e
xp

er
ie

nc
ed

 a
ne

st
he

si
ol

o-
gi

st
s

Th
e 

nu
m

be
r o

f n
ee

dl
e 

pa
ss

es
In

si
gn

ifi
ca

nt

- S
ki

n 
pu

nc
tu

re
: T

ra
in

ee
 re

si
de

nt
s

Ch
in

 e
t a

l.,
 2

01
8  

[3
7 ]

Pa
rt

ur
ie

nt
s 

un
de

rg
oi

ng
 c

es
ar

ea
n 

se
ct

io
n

CS
E

- U
S 

sc
an

: f
iv

e 
ex

pe
rie

nc
ed

 a
ne

st
he

si
-

ol
og

is
ts

- S
ki

n 
pu

nc
tu

re
: a

 m
ix

tu
re

 o
f t

ra
in

ee
s 

an
d 

ex
pe

rie
nc

ed
 a

ne
st

he
si

ol
og

is
ts

Th
e 

ra
te

 o
f s

uc
ce

ss
fu

l p
un

ct
ur

e 
at

 th
e 

fir
st

 n
ee

dl
e 

pa
ss

 a
nd

 th
e 

di
ffi

cu
lty

 o
f 

th
e 

CS
E 

pr
oc

ed
ur

e

- 6
3 .

8 %
 in

 U
S 

gr
ou

p 
vs

. 3
8 .

2 %
 in

 
co

nt
ro

l g
ro

up
 (P

 =
 0

.0
01

)

- D
iff

ic
ul

ty
: 1

8 .
1 %

 in
 U

S 
gr

ou
p 

vs
. 

30
.0

%
 in

 c
on

tr
ol

 g
ro

up
 (P

 =
 0

.0
9 )

El
de

rly
 p

at
ie

nt
s

Li
m

 e
t a

l.,
 2

01
4  

[3
8 ]

Pa
tie

nt
s 

re
ce

iv
in

g 
sp

in
al

 a
ne

st
he

si
a

Sp
in

al
- U

S 
sc

an
: t

w
o 

ex
pe

rie
nc

ed
 a

ne
st

he
si

-
ol

og
is

ts
- S

ki
n 

pu
nc

tu
re

: a
ne

st
he

gi
ol

og
is

ts
 w

ith
 

ze
ro

 to
 th

re
e 

ye
ar

s 
of

 c
lin

ic
al

 e
xp

er
i-

en
ce

Th
e 

ra
te

 o
f s

uc
ce

ss
fu

l p
un

ct
ur

e 
at

 th
e 

fir
st

 s
ki

n 
pu

nc
tu

re
 a

tte
m

pt
In

si
gn

ifi
ca

nt

K
al

lid
ai

ku
ric

hi
 S

rin
i-

va
sa

n 
et

 a
l.,

 2
01

5  
[3

9 ]

Pa
tie

nt
s 

un
de

rg
oi

ng
 to

ta
l k

ne
e 

or
 to

ta
l h

ip
 

ar
th

ro
pl

as
ty

Sp
in

al
Th

re
e 

ex
pe

rie
nc

ed
 a

ne
st

he
si

ol
og

is
ts

Th
e 

nu
m

be
r o

f n
ee

dl
e 

pa
ss

es
4 .

0  
±

 4
.0

 in
 U

S 
gr

ou
p 

vs
. 8

.2
 ±

 
12

.3
 in

 c
on

tr
ol

 g
ro

up
 (P

 =
 0

.0
1 )

Pa
rk

 e
t a

l.,
 2

01
9  

[4
0 ]

Pa
tie

nt
s 

ag
ed

 a
t l

ea
st

 6
0  

ye
ar

s
Sp

in
al

Th
re

e 
ex

pe
rie

nc
ed

 a
ne

st
he

si
ol

og
is

ts
Th

e 
nu

m
be

r o
f n

ee
dl

e 
pa

ss
es

1  
(1

, 2
) i

n 
U

S 
gr

ou
p 

vs
. 4

.5
 (2

, 7
) i

n 
co

nt
ro

l g
ro

up
 (P

 <
 0

.0
01

)

(C
on

tin
ue

d 
to

 th
e 

ne
xt

 p
ag

e)

www.anesth-pain-med.org 403

Ultrasound and lumbar neuraxial block



Pa
tie

nt
s 

w
ith

 d
iff

ic
ul

t 
sp

in
al

 a
na

to
m

y

G
ra

u 
et

 a
l.,

 2
00

1  
[2

9 ]
Pa

rt
ur

ie
nt

s 
w

ith
 p

re
su

m
ed

 d
iff

ic
ul

t p
un

c-
tu

re
 (h

is
to

ry
 o

f d
iff

ic
ul

t e
pi

du
ra

l a
ne

st
he

-
is

a;
 a

na
to

m
ic

al
 a

lte
ra

tio
n 

of
 th

e 
lu

m
ba

r 
sp

in
e;

 B
M

I 
>

 3
3  

kg
/m

2 )

Ep
id

ur
al

Si
ng

le
 e

xp
er

ie
nc

ed
 a

ne
st

he
si

ol
og

is
t

Th
e 

nu
m

be
r o

f n
ee

dl
e 

pa
ss

es
1 .

5  
±

 0
.9

 in
 U

S 
gr

ou
p 

vs
. 2

.6
 ±

 1
.4

 
in

 c
on

tr
ol

 g
ro

up
 (P

 <
 0

.0
01

)

Ch
in

 e
t a

l.,
 2

01
1  

[1
2 ]

Pa
tie

nt
s 

w
ho

 h
ad

 d
iff

ic
ul

t s
ur

fa
ce

 a
na

-
to

m
ic

 la
nd

m
ar

ks
 (p

oo
rly

 p
al

pa
bl

e 
or

 im
-

pa
lp

ab
le

 s
pi

no
us

 p
ro

ce
ss

es
 a

nd
 B

M
I 

>
 

35
 k

g/
m

2 ; m
od

er
at

e 
to

 s
ev

er
e 

lu
m

ba
r 

sc
ol

io
si

s;
 p

re
vi

ou
s 

lu
m

ba
r s

pi
na

l s
ur

-
ge

ry
)

Sp
in

al
Tw

o 
ex

pe
rie

nc
ed

 a
ne

st
he

si
ol

og
is

ts
Th

e 
ra

te
 o

f s
uc

ce
ss

fu
l p

un
ct

ur
e 

at
 th

e 
fir

st
 s

ki
n 

pu
nc

tu
re

 a
tte

m
pt

65
%

 in
 U

S 
gr

ou
p 

vs
. 3

2 %
 in

 c
on

tr
ol

 
gr

ou
p 

(P
 <

 0
.0

01
)

W
an

g 
et

 a
l.,

 2
01

2  
[4

3 ]
Si

ng
le

to
n 

pa
rt

ur
ie

nt
s 

w
ith

 B
M

I 
≥

 3
0  

kg
/

m
2

CS
E

Si
ng

le
 e

xp
er

ie
nc

ed
 a

ne
st

he
si

ol
og

is
t

Th
e 

ra
te

 o
f s

uc
ce

ss
fu

l p
un

ct
ur

e 
at

 th
e 

fir
st

 s
ki

n 
pu

nc
tu

re
 a

tte
m

pt
10

0 %
 in

 U
S 

gr
ou

p 
vs

. 7
0 %

 in
 c

on
-

tr
ol

 g
ro

up
 (P

 =
 0

.0
04

)

Ek
in

ci
 e

t a
l.,

 2
01

7  
[4

4 ]
Si

ng
le

to
n 

pa
rt

ur
ie

nt
s 

w
ith

 im
pa

lp
ab

le
 

lu
m

ba
r s

pi
no

us
 p

ro
ce

ss
es

Sp
in

al
Tw

o 
ex

pe
rie

nc
ed

 a
ne

st
he

si
ol

og
is

ts
Th

e 
nu

m
be

r o
f s

ki
n 

pu
nc

tu
re

s 
an

d 
th

e 
pr

oc
ed

ur
e 

tim
e

- N
um

be
r o

f s
ki

n 
pu

nc
tu

re
s:

 1
.1

9  
±

 0
.4

7  
in

 U
S 

gr
ou

p 
vs

. 1
.8

4  
±

 
0 .

85
 in

 c
on

tr
ol

 g
ro

up
 (P

 <
 0

.0
01

)

- P
ro

ce
du

re
 ti

m
e:

 2
42

.3
4  

±
 6

3 .
17

 
in

 U
S 

gr
ou

p 
vs

. 2
04

.5
9  

±
 1

13
.2

1  
in

 c
on

tr
ol

 g
ro

up
 (P

 =
 0

.1
05

)

Pa
rk

 e
t a

l.,
 2

02
0  

[1
3 ]

Pa
tie

nt
s 

w
ho

 h
ad

 lu
m

ba
r s

co
lio

si
s 

or
 h

is
-

to
ry

 o
f l

um
ba

r s
pi

ne
 s

ur
ge

ry
 in

vo
lv

in
g 

L2
-

L5
 v

er
te

br
ae

Sp
in

al
Th

re
e 

ex
pe

rie
nc

ed
 a

ne
st

he
si

ol
og

is
ts

Th
e 

nu
m

be
r o

f n
ee

dl
e 

pa
ss

es
1 .

5  
(1

, 3
) i

n 
U

S 
gr

ou
p 

vs
. 6

 (2
, 9

.3
) 

in
 c

on
tr

ol
 g

ro
up

 (P
 <

 0
.0

01
)

R
ea

l-t
im

e 
U

S-
gu

id
ed

 
te

ch
ni

qu
e

G
ra

u 
et

 a
l.,

 2
00

4  
[4

5 ]
Pa

rt
ur

ie
nt

s 
un

de
rg

oi
ng

 c
es

ar
ea

n 
se

ct
io

n
CS

E
Si

ng
le

 e
xp

er
ie

nc
ed

 a
ne

st
he

si
ol

og
is

t
Th

e 
nu

m
be

r o
f n

ee
dl

e 
pa

ss
es

Si
gn

ifi
ca

nt
 re

du
ct

io
n 

of
 n

ee
dl

e 
pa

ss
es

 in
 re

al
-ti

m
e 

U
S 

gr
ou

p 
an

d 
pr

e-
pr

oc
ed

ur
al

 U
S 

gr
ou

p,
 c

om
-

pa
re

d 
to

 c
on

tr
ol

 g
ro

up

Ch
on

g 
et

 a
l.,

 2
01

7  
[6

]
Pa

tie
nt

s 
un

de
rg

oi
ng

 lo
w

er
 li

m
b 

su
rg

er
ie

s
Sp

in
al

N
ot

 a
pp

lic
ab

le
Th

e 
ra

te
 o

f s
uc

ce
ss

fu
l p

un
ct

ur
e 

at
 th

e 
fir

st
 s

ki
n 

pu
nc

tu
re

 a
tte

m
pt

87
%

 in
 re

al
-ti

m
e 

gr
ou

p 
vs

. 4
3 %

 in
 

pa
lp

at
io

n 
gr

ou
p

El
sh

ar
ka

w
y 

et
 a

l.,
 2

01
7  

[4
6 ]

Pa
tie

nt
s 

un
de

rg
oi

ng
 to

ta
l k

ne
e 

or
 to

ta
l h

ip
 

ar
th

ro
pl

as
ty

 w
ith

 d
iff

ic
ul

t s
pi

na
l a

na
to

m
y 

(a
ge

 ≥
 5

5 ;
 B

M
I 

>
 3

0  
kg

/m
2 ; s

co
lio

si
s 

w
ith

 3
0 -

de
gr

ee
 c

ur
va

tu
re

; i
m

pa
lp

ab
le

 
sp

in
ou

s 
pr

oc
es

se
s)

Sp
in

al
Fi

ve
 e

xp
er

ie
nc

ed
 a

ne
st

he
si

ol
og

is
ts

Th
e 

nu
m

be
r o

f s
ki

n 
pu

nc
tu

re
s

In
si

gn
ifi

ca
nt

B
M

I: 
bo

dy
 m

as
s 

in
de

x,
 C

SE
: c

om
bi

ne
d 

sp
in

al
-e

pi
du

ra
l a

ne
st

he
si

a,
 U

S:
 u

ltr
as

ou
nd

, C
SF

: c
er

eb
ro

sp
in

al
 fl

ui
d.

 *
Va

lu
es

 a
re

 p
re

se
nt

ed
 a

s 
m

ea
n 

± 
SD

 o
r m

ed
ia

n 
(1

Q
, 3

Q
).

St
ud

y
Pa

tie
nt

s
Pr

oc
ed

ur
e

O
pe

ra
to

r
O

ut
co

m
e

R
es

ul
ts

*

Ta
bl

e 
1

. C
on

tin
ue

d

404 www.anesth-pain-med.org

Anesth Pain Med Vol. 15 No. 4



K
S

R
A

the characteristics of the study subjects and proceduralists. 

All these studies evaluated the utility of ultrasonography in 

parturients with palpable anatomical landmarks. In this 

population, the benefit of US imaging may be underesti-

mated because neuraxial blockade is usually not compli-

cated in lean patients or those who had normal vertebral 

anatomy. Regarding the proceduralists, experienced anes-

thesiologists performed the US scan and neuraxial block-

ade in two studies [32,34], while skin puncture was per-

formed by trainees after ultrasonographic examination by 

experts in another study [35]. The guidance from a study 

investigator during skin puncture or suboptimal needle 

handling by the trainees may have led to the negative re-

sults [36]. However, in a recent large study conducted in 

women undergoing cesarean section with CSE, the authors 

found that US assistance improved technical performance 

in patients with easily palpable landmarks, but not in those 

with impalpable surface landmarks, and that the experi-

ence of proceduralists did not influence the first-pass suc-

cess rate of CSE procedure [37]. Further studies are still 

needed to clarify which populations benefit the most 

through US assistance. 

Elderly patients 

The efficacy of US-assisted neuraxial blockade is more 

evident in elderly patients. In contrast to using the midline 

approach in obstetric patients, the paramedian approach 

was used in studies evaluating the utility of ultrasonogra-

phy in the elderly. Lim et al. [38] compared the rate of suc-

cessful dural puncture at the first attempt in patients re-

ceiving spinal anesthesia with or without preprocedural US 

imaging. Although the first-attempt success rate was not 

significantly different, shorter time was required to per-

form the procedure with US-assisted spinal anesthesia and 

patients were more satisfied compared to the manual pal-

pation technique. Other studies showed consistent results 

that the number of needle passes and skin punctures were 

significantly decreased when using US-assisted spinal an-

esthesia, compared to the midline approach [39] or para-

median approach [40]. In general, neuraxial blockade is 

more difficult in an older population than in relatively 

younger obstetric patients, possibly due to degenerative 

changes of the lumbar spine, such as the calcified interspi-

nous ligament and limited lumbar flexion [39]. These find-

ings supported that preprocedural US imaging may be 

more beneficial in patients with difficult anatomy, as 

shown in a recent meta-analysis [41]. Scanning both sides 

and all spinal levels before selecting a puncture site for 

US-guided spinal anesthesia is recommended. The L5-S1 

intervertebral level is a good option for neuraxial anesthe-

sia in the elderly [42]. 

Patients with difficult anatomy (obesity, scoliosis, 
or history of spine surgery) 

Several studies have evaluated whether US assistance 

improves technical performance of neuraxial blockade in 

patients with difficult anatomy, including moderate to se-

vere obesity, lumbar scoliosis, ankylosing spondylitis, or 

history of lumbar spine surgery. Chin et al. [12] compared 

the first-attempt success rate of spinal anesthesia with or 

without US assistance in this population and found that 

preprocedural US imaging facilitates the performance of 

spinal anesthesia. Similar results were shown in obstetric 

patients with difficult anatomical landmarks. Wang et al. 

[43] reported that US scanning performed by single experi-

enced anesthesiologist before neuraxial blockade signifi-

cantly enhanced the first-attempt success rate. Another 

study published by Ekinci et al. [44] demonstrated that the 

number of skin punctures was significantly decreased 

when using preprocedural US imaging, but total procedure 

time was comparable with the conventional spinal anes-

thesia technique. Our recent study conducted in patients 

with documented lumbar scoliosis or those with history of 

previous spinal surgery also showed similar results that the 

number of needle passes and puncture attempts were sig-

nificantly lower in the US group than in the control group, 

but total procedure time was not significantly different be-

tween the two groups [13]. Despite of US scanning time, 

difficulties in identifying the midline or intervertebral 

space in patients with abnormal vertebral anatomy would 

increase the procedural time in conventional palpation 

technique, resulting in no difference in the overall proce-

dure time. Considering the reduced number of needle ma-

nipulations and better patient satisfaction, US neuraxial 

imaging should be accompanied in patients who are ex-

pected to have difficult neuraxial blockade. 

Real-time US-guided technique 

There are limited studies assessing the benefits of re-

al-time US guidance technique. Grau et al. [45] compared 

real-time US-guided CSE procedure using the parasagittal 
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oblique view with preprocedural US scanning and conven-

tional landmark palpation technique and found that both 

US-guided techniques significantly reduced the number of 

needle passes. The advantage of real-time US guidance 

was also reported in a recent study by Chong et al. [6]. They 

found that first-attempt success rate was significantly high-

er when using real-time US-guided spinal anesthesia with 

the parasagittal oblique view, compared to the palpa-

tion-based paramedian approach [6]. However, another 

study on the efficacy of real-time US-guided spinal anes-

thesia in patients with difficult spinal anatomy showed no 

advantage of real-time technique over conventional land-

mark technique [46]. Various approaches, including trans-

verse [8,47] and diagonal in-plane approaches [7], have 

been investigated for real-time US-guided neuraxial block. 

Despite some results showing the advantages of real-time 

US guidance, there are still technical challenges to be ad-

dressed, such as visualization of a small-gauge needle 

around the deep target structures. 

CONCLUSION 

For better clinical practice, it is recommended to apply 

US guidance for neuraxial blockade. US-guided neuraxial 

block can facilitate successful access to the intrathecal or 

epidural space in patients with difficult spinal anatomy, as 

well as in those with easily palpable anatomical landmarks. 

Anesthesiologists who routinely perform lumbar neuraxial 

block should be familiar with the sonoanatomy of the lum-

bar vertebrae and US-guided techniques to improve tech-

nical performance and safety. 
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