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Imaging Article

Description of the Spread of Injectate After
soas Compartment Block Using Magnetic
esonance Imaging

tephen Mannion, M.R.C.P.I., F.C.A.R.C.S.I., Jack Barrett, F.C.A.R.C.S.I.,
enis Kelly, F.F.R.R.C.S.I., Damian B. Murphy, M.D., F.C.A.R.C.S.I.,
nd George D. Shorten, Ph.D., F.C.A.R.C.S.I.

Background and Objectives: Magnetic resonance imaging (MRI) provides for excellent visualization of spread of
solution after peripheral nerve block. The aim of this observational study was to utilize MRI to describe the distribution of
injectate (gadopentetate dimeglumine) administered for continuous psoas compartment block (PCB) performed by use of
two approaches (Capdevila and modified Winnie) and to describe the spread of injectate to the lumbar plexus.

Methods: Four volunteers were enrolled in a prospective crossover study. Each volunteer underwent PCB with
catheter placement performed by use of Capdevila’s approach followed 1 week later by PCB, with catheter placement
performed by use of a modified Winnie approach. MRI of injectate distribution was performed after each PCB.

Results: The catheter was unable to be inserted in 1 volunteer undergoing Winnie’s approach; therefore, 7
sets of MR images were analyzed. In 6 of 7 cases (4 Capdevila and 2 Winnie) spread was primarily within the
psoas muscle. Contrast surrounded the L2-3 lumbar branch of the femoral nerve at L4 and cleaved the fascial
plane within the psoas muscle and spread cephalad to reach the lumbar nerve roots. In 1 case (Winnie approach)
contrast spread between the psoas and quadratus lumborum muscles. Contrast surrounded the femoral and
obturator nerves where they lie outside the psoas muscle at L5.

Conclusion: The most common pattern of injectate spread seen on MRI with both approaches to PCB was
spread within the body of the psoas muscle around the lumbar branches (L2-4), with cephalad spread to the
lumbar nerve roots. One catheter resulted in injectate between the psoas and quadratus lumborum muscles. Reg
Anesth Pain Med 2005;30:567-571.
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he anatomy of the lumbar plexus is intimately
related with the psoas major muscle.1 The sec-

nd, third, and fourth lumbar nerve roots form the
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emoral, lateral femoral cutaneous (LFC), and ob-
urator nerves, respectively.2 The femoral and LFC
erves, and, more variably, the obturator nerve,
un in a fascial plane within the psoas muscle before
eaving the muscle at various levels.1,3 Physical
pread of solution after posterior lumbar plexus or
soas compartment block (PCB) is, therefore, most
ikely to occur within the psoas muscle.4

Few studies have investigated the physical distri-
ution of injectate after PCB. The distribution of
ye injected by use of a “single shot” loss-of-resis-
ance technique for PCB has been described in ca-
averic specimens for both an L3 approach5 and
hayen’s approach.6 A number of other approaches

o the lumbar plexus exist, including those of Win-
ie et al. and of Capdevila et al.7 The original de-
cription by Winnie et al.8 has been modified such
hat femoral-nerve stimulation rather than pares-
hesia is sought.9 We have successfully further

odified their technique on the basis of their rec-
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mmendation of “a slight mesiad” needle orienta-
ion by standardizing medial needle redirection to
5°.10 Capdevila et al.4 recently described a further
lternative approach for PCB, which modifies Win-
ie’s surface anatomical landmarks. The distribu-
ion of injectate after Capdevila’s continuous PCB
CPCB) approach in adults has been demonstrated
y use of radiographic imaging4,11 and correlated
ith the extent of block.4 The only literature on

olution spread after PCB by use of Winnie’s ap-
roach was a radiographic description of contrast
pread in a pediatric patient.9

Magnetic resonance imaging (MRI) provides ex-
ellent anatomical visualization and has been uti-
ized to successfully study the spread of injectate
fter various peripheral nerve blocks.12 The aim of
his observational study was to utilize MRI to de-
cribe the distribution of injectate from CPCB per-
ormed by use of two approaches (Capdevila and

odified Winnie) and to describe the spread of
njectate to the lumbar plexus.

ethods

After institutional review board ethical approval
ad been granted and written informed consent
ad been obtained, 4 volunteers were enrolled in
his prospective crossover study. Each volunteer
nderwent continuous psoas compartment block
CPCB) on two occasions, performed once by use of
he Capdevila approach and once by use of the
odified Winnie approach. The same operator

SM) performed all blocks. MRI of contrast-con-
aining injectate was performed after each PCB.
xclusion criteria were claustrophobia; previous
ack, abdominal, or lower-limb surgery; weight less
han 50 kg or more than 90 kg; or allergy to con-
rast.

After standard monitoring (pulse oximetry, blood
ressure, and ECG) was applied, volunteers were
laced in the left lateral position, and, after skin
arking and injection of 10 mL of 1% lidocaine

ubcutaneously, a right-sided PCB was performed,
s previously described by Capdevila and col-
eagues.4 Contiplex D (B Braun Medical, Melsun-
en, Germany) 110-mm needle was inserted at the
unction of the lateral third and medial two thirds of

line between the spinal process of L4 and a line
arallel to the spinal column through the posterior
uperior iliac spine (PSIS). The spinous process of
4 was estimated to be approximately 1 cm cepha-
ad to the upper edge of the iliac crests (intercristal
ine). A nerve-stimulator technique (Stimuplex
NS 11; B Braun Medical) with a starting output of
.5 mA and 2 Hz was used to advance the needle

erpendicular to the skin until contact with the s
ransverse process of L4 was made. The needle was
hen pulled back and advanced under the trans-
erse process until quadriceps twitches were elic-
ted at 0.5 mA. Normal saline, 5 mL, was injected to
xpand the space, and the skin depth was noted.
he needle was then removed from the cannula,
nd the catheter was inserted 5 cm beyond skin
epth and secured.
The scanner was an Opart™ (Toshiba America
edical Systems, San Francisco, CA) MRI machine

0.35 Tesla). T1-weighted imaging was performed
n the axial (5-mm slices from S1 to T11), coronal
5-mm slices from S2 to T10), and sagittal (5-mm
lices from S2 to T8) planes to determine normal
natomy before solution injection. The contrast so-
ution administered was gadopentetate dimeglu-

ine (Magnevist; Schering AG, Germany) in 1:250
ilution with normal saline. This contrast solution
rovides optimal MR imaging of injectate spread
fter peripheral nerve blocks.12 Fifteen percent of
he (total) 0.4 mL/kg solution was injected through
he catheter, and T1-weighted axial imaging (5-mm
lices from S1 to T11) was performed to determine
atheter position. The remainder of the solution was
hen administered over 3 minutes. T1-weighted im-
ging was then performed in the same planes as the
precontrast” scan. Total scanning time for the con-
rast magnetic-resonance sequences was approxi-

ately 30 minutes. The open configuration of the
part™ MRI scanner ensured that the volunteer

emained in the same position by providing easy
ccess to the catheter port.
Volunteers returned 1 week later and underwent

CB performed on the opposite side (left) as de-
cribed by Winnie and colleagues.8 Nerve stimula-
ion was used as before but with a different skin site
or needle insertion. The Contiplex D needle was
nserted at the point where a line through the PSIS
arallel to the spinous processes intersected with
he intercristal line. The needle was advanced in a
5° medial direction until quadriceps twitches were
licited at 0.5 mA. Catheter insertion was as previ-
usly described. The sequence of MRI and solution
dministration was as described for PCB performed
y use of Capdevila’s technique.
The magnetic resonance images were reviewed,

nd the findings reported by one of the authors
DK). To determine the distribution of contrast, the
mages were compared with the noncontrast im-
ges. The position of the catheter was determined as
ither within or outside the psoas muscle on the
asis of the initial spread of the test dose of contrast.
he overall distribution of contrast was recorded
s within or outside the psoas muscle relative to
urrounding structures. The maximum extent of

pread was also noted.
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esults

All 4 volunteers recruited were males with ASA
lassification I. Mean age was 35.5 years (range: 29
o 43 years). Mean weight was 72 kg (range: 55 to
0 kg). The mean volume of injectate was 28.5 mL
range: 22 to 32 mL).

Catheter placement after PCB was successful in
ll volunteers, except volunteer 3 who was under-
oing a modified Winnie approach. In this case,
nsertion of the catheter was not possible, and sub-
equent MRI of contrast spread via the indwelling
annula revealed dislodgement of the cannula and
ontrast in the erector spinae muscles only. There-
ore, only 7 sets of images were available for exam-
nation.

Imaging showed no evidence of subarachnoid,
pidural, or bilateral paravertebral spread of con-
rast. The catheter position as determined by the
nitial test dose of contrast was identified within the
soas muscle in 6 sets of images and outside in 1 set
volunteer 4, Winnie approach). Distribution of con-
rast was similar in 6 of the 7 sets of images (4 Cap-
evila approaches and 2 Winnie approaches). The
xial views demonstrate “cleavage” of the fascial
lane within the psoas muscle, where the femoral
erve can be identified as hypodense (dark) relative
o the hyperdense (white) signal of the contrast
olution below the transverse process of L4 (Fig 1).
bove L4, the axial views demonstrate contrast

urrounding the L2-3 branches contained within
he fascial plane. For each set of images, a “psoas
tripe” can be seen on the coronal views, with
pread of contrast to the L1-4 nerve roots by ex-
ansion of the intrapsoas fascia and cephalad spread
f contrast media (Fig 2). Most of the contrast (in
hese 6 sets of images) remained in the psoas mus-
le sheath, but some extension of contrast outside
he psoas sheath also occurred in all but 2 cases
both Capdevila approaches). Contrast was seen be-

ig 1. Contrast (C) spread in the right psoas muscle after
apdevila’s approach in volunteer 2 and left psoas after
innie’s approach in same volunteer. The femoral nerve

arrow) is the dark (hypodense) area within the contrast.

4 � fourth lumbar vertebra. P � psoas muscle. r
ween the psoas and quadratus lumborum muscles
n volunteer 1 (Winnie) and volunteer 3 (Capdevila).
ontrast was seen between the psoas muscle and
erirenal fat in volunteer 1 (Capdevila) and volunteer
(Winnie).
A different distribution of contrast was seen in

olunteer 4 (Winnie approach), as shown in Figure
. Contrast spread mainly outside the psoas mus-
le, between the psoas and quadratus lumborum
uscles and the perirenal fat. Contrast was seen

urrounding the femoral and obturator nerves,
here they run between the psoas and quadratus

umborum muscles at the level of the fifth lumbar
ertebra (Fig 4).
The maximum superior extent of contrast spread
here the “psoas stripe” was noted was the L1-L2
isc space in 4 series (3 Capdevila and 1 Winnie)
nd the L2 vertebral body in the other 2 series (1
apdevila and 1 Winnie). No cases of spread beyond
here the iliacus and psoas muscles fuse were seen.

n volunteer 4 (Winnie approach), contrast extended

ig 2. Coronal view of contrast (C) spread—the “psoas
tripe”—in the right psoas muscle after Capdevila’s ap-
roach in volunteer 1 and left psoas after Winnie’s ap-
roach in same volunteer. The fourth lumbar nerve root
arrows) is the dark (hypodense) area seen. L4 � fourth
umbar vertebra. P � psoas muscle.

ig 3. Contrast (C) spreading from the left psoas muscle
o the space between the psoas and quadratus lumborum
axial view) and perirenal fat (coronal view) after Winnie’s
pproach in volunteer 4. Arrow indicates femoral nerve.
5 � fifth lumbar vertebra. P � psoas muscle. QL � quad-

atus lumborum muscle. ES � erector spinae muscle.
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uperiorly as far as the L2-L3 disc space lateral to the
soas and inferiorly to the transverse process of L4
ateral to the psoas muscle. Medial spread in all
ases was to the lumbar paravertebral space.

iscussion

We have used MRI to investigate distribution of
ontrast after CPCB performed by application of
wo different approaches (Capdevila and modified

innie) in healthy human volunteers. Our study
ize was limited as a result of difficulties in volun-
eer recruitment and the technical and safety as-
ects of MRI.13 These results should, therefore, be
iewed as preliminary pending further, larger im-
ging studies and clinical correlation.
The anatomical nature of this study means that
e can only postulate as to the extent of lumbar
lexus block because the lack of a local anesthetic
gent prevents any direct clinical correlation. These
RI findings demonstrate only the physical route(s)

y which solution spreads to the plexus after CPCB,
ne of many factors necessary for local anesthetic
ction at a nerve.12

The lumbar plexus lies within the psoas muscle in
fascial plane that separates the muscle into ante-

ior and posterior parts.2,3 The lumbar nerve roots
L1-4) enter the psoas muscle and form lumbar
erve branches and the terminal nerves.1,2 The L1
nd L1-2 nerve roots give rise to the iliohypogas-
ric/ilioinguinal nerves and genitofemoral nerve,
espectively.3

The LFC nerve formed from the L2 or L2-3 nerve
oots runs in the fascial plane with the femoral
erve until it leaves the psoas at the L4 or L5

evel.1,3 The femoral nerve arises within the psoas
uscle from the posterior divisions of the L2-3 and

ig 4. Axial view of the fifth lumbar vertebra (L5). Con-
rast (white) can be seen around femoral nerve (FN) and
bturator nerve (ON), which are dark (hypodense). P �
soas muscle.
4 lumbar branches, usually below the transverse P
rocess of L4, and emerges posterolateral to the
uscle at a level that ranges from L4 to S1.2,14 The

nterior divisions of these branches become the
bturator nerve, which lies medial to the femoral
nd LFC nerves and is often (50% to 60% of cases)
ound separated from these nerves by a muscular
old and, therefore, outside the fascial plane.1,3 The
erve then emerges from the medial psoas muscle
order at the level of L5-S1.2,3

The MRI findings of contrast distribution after
PCB performed via Capdevila’s approach were
imilar in all 4 volunteers. Contrast spread within
he psoas muscle along the fascial plane and sur-
ounded the femoral nerve and L2-3 branches.
ontrast also spread to the lumbar nerve roots via

his fascial plane. MRI demonstrates that after
PCB, injectate reaches the femoral and LFC nerves
irectly within the psoas muscle but also reaches
he lumbar nerve roots. Block of the lumbar plexus
an, therefore, be postulated to occur both at the
2-3 and L4 nerve roots and, more peripherally, at
he lumbar branches. These findings may explain a
ate of 85% to 90% obturator nerve block found
ith PCB,4,10 despite anatomical findings that the
bturator nerve is often outside the fascia plane. 1,3

he distribution of contrast on MRI in these images
s similar to findings of Hanna et al.5 These authors
sed a loss-of-resistance technique to inject 10 mL
f dye into 6 cadavers 3 to 5 cm lateral to the L2-3
nterspace. In all cases, dye was contained within
he psoas muscle and covered the L1-4 lumbar
erve roots.5

Distribution of contrast was less consistent after
PCB performed via the modified Winnie approach.

n 2 volunteers, the distribution was similar to that of
apdevila’s approach. Despite these similar findings,

he study size precludes comment on whether MRI
rovides an explanation for the clinical findings of
imilar lumbar plexus block with both approaches.10

he failure of catheter insertion in 1 subject and a
ifferent pattern of spread in volunteer 4 make fur-
her assessment of spread after this approach difficult.
n volunteer 4, spread occurred between the psoas
nd quadratus lumborum muscles, with contrast sur-
ounding the femoral and obturator nerves outside
he psoas (Fig 4). This case, however, may not be
epresentative of solution spread after Winnie’s ap-
roach for PCB. Therefore, determination of whether
he original description by Winnie et al.8 of PCB that
ccurred via the “interfascial space between the quad-
atus lumborum and psoas major muscles” is accurate
equires further imaging studies with clinical correla-
ion to confirm.

In conclusion, the most common pattern of in-
ectate spread seen on MRI with both approaches to

CB was spread in the fascial plane within the body
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f the psoas muscle around the lumbar branches
L2-3 and L4), with cephalad spread to the lumbar
erve roots.

cknowledgment

We thank Mr. Peter Murphy, radiographer at the
pen MRI Unit, South Infirmary-Victoria Univer-

ity Hospital, for his technical advice and assistance
uring this study.

References

1. Farny J, Drolet P, Girard M. Anatomy of the posterior
approach to the lumbar plexus block. Can J Anaesth
1994;41:480-485.

2. Gray H. The lumbar plexus. In: Pick TP, Howden R,
eds. Gray’s Anatomy. 15th ed. Leicester, England: Gal-
ley Press;1988:782-787.

3. Sim IW, Webb T. Anatomy and anaesthesia of the
lumbar somatic plexus. Anaesth Intensive Care 2004;
32:178-187.

4. Capdevila X, Macaire P, Dadure C, Choquet O,
Biboulet P, Ryckwaert Y, d’Athis F. Continuous psoas
compartment block for postoperative analgesia after to-
tal hip arthroplasty: New landmarks, technical guide-
lines, and clinical evaluation. Anesth Analg 2002;94:
1606-1613.

5. Hanna M, Peat S, d’Costa F. Lumbar plexus block: An

anatomical study. Anaesthesia 1993;48:675-678.
6. Chayen D, Nathan H, Chayen M. The psoas compart-
ment block. Anesthesiology 1976;45:95-99.

7. Awad IT, Duggan EM. Posterior lumbar plexus block:
Anatomy, approaches and techniques. Reg Anesth
Pain Med 2005;30:143-149.

8. Winnie AP, Ramamurthy S, Durani Z, Radonjic R.
Plexus blocks for lower extremity surgery: New
answers to old problems. Anesthesiol Rev 1974;1:
11-16.

9. Dalens B, Tanguy A, Vanneuville G. Lumbar plexus
block in children: A comparison of two procedures in
50 patients. Anesth Analg 1988;67:750-758.

0. Mannion S, O’Callaghan S, Walsh M, Murphy D,
Shorten G. “In with the new, out with the old?” —
comparison of two approaches for psoas compart-
ment block. Anesth Analg 2005;101:259-264.

1. De Biasi P, Lupescu R, Burgun G, Lascurain P, Gaertner
E. Continuous lumbar plexus block: Use of radiogra-
phy to determine catheter tip location. Reg Anesth
Pain Med 2003;28:135-139.

2. Barrett J, Harmon D, Loughnane F, Finucane B,
Shorten G. Peripheral Nerve Blocks and Peri-Operative
Pain Relief. 1st ed. Philadelphia, PA: WB Saunders;
2004.

3. Spouse E, Gedroyc WM. MRI of the claustrophobic
patient: Interventionally configured magnetics. Br J
Radiol 2000;73:146-151.

4. Grant’s Atlas of Anatomy. 9th ed. Baltimore, MD:

Williams & Wilkins; 1991.


	A Description of the Spread of Injectate After Psoas Compartment Block Using Magnetic Resonance Imaging
	Methods
	Results
	Discussion
	Acknowledgment
	References


