Ain Shams University
Faculty of Medicine
PDepartment of Anesthesia and Intensive Care

P SV
i Shems Valvars

Yy

Ultrasound Guided Lumbar Plexus Block
Thesis
Submitted for Partial Fulfillment of Anesthesiology M.D
Degree
By
Mohamed EI-Sayed Mahmoud Yousef EL-Zayat,
M.B., B.Ch; M.Sc.

Under Supervision of:

Prof. Dr. Nehal Gmal EI-Din Nouh
Proffessor of Anesthesiology,
Faculty of Medicine, Ain Shams University.

Prof. Dr. Ayman Mokhtar Kamaly
Professor of Anesthesiology,
Faculty of Medicine, Ain Shams University.

Dr. Hanan Mahmoud Farag
Assistant Professor of Anesthesiology,
Faculty of Medicine, Ain Shams University.

Dr. Heba Bahaa El-Din El-Serwi
Assistant Professor of Anesthesiology,
Faculty of Medicine, Ain Shams University.

Dr. Osama Mohamed Hetta
Assistant Professor of Radio-diagnosis,
Faculty of Medicine, Ain Shams University.::

Faculty of Medicine
Ain Shams University
2011




s sll o s1L ML gy

Sl ) hah @il wals Lot
gslllys ¢ LaL4T B3l s lasfll

olaiflLale 5 olally ole 4T
{0psle sl

gelaell A1 Jom
(6 QL) glell)




ACKNOWLEDGEMENTS

THANKS ARE ALL TO GOD, THE BENEFICENT AND THE MERCIFUL, FOR
BLESSING ME THIS WORK UNTIL IT REACHED ITS END, AS A LITTLE PART OF HIS

GENEROUS HELP THROUGHOUT MY ENTIRE LIFE.

| WOULD LIKE TO EXPRESS MY DEEPEST GRATITUDE TO PROF. DR Nehal
Gmal EI-Din Nooh, PROFESSOR OF ANESTHESIA AND INTENSIVE CARE,
FAcCULTY OF MEDICINE, AIN SHAMS UNIVERSITY, FOR HER SUPPORT,
GUIDANCE AND ENCOURAGEMENT.

IT HAS BEEN AN HONOUR WORKING UNDER THE SUPERVISION OF PROF.
DRrR. Ayman Mokhtar Kamaly PROFESSOR OF ANESTHESIA AND INTENSIVE
CARE, FACULTY OF MEDICINE, AIN SHAMS UNIVERSITY, WHO HELPED ME IN
EVERY WAY HE COULD.

I'M GREATLY INDEBTED TO DR. Hanan Mahmoud Farag and DRr.
Heba Bahaa EI-Din EIl-Serwi , ASSISTANT PROFESSORS OF ANESTHESIA
AND INTENSIVE CARE, FACULTY OF MEDICINE, AIN SHAMS UNIVERSITY,
WHO PROVIDED ME WITH SUPPORT FROM THE VERY BEGINNING OF THIS WORK.

I would like to thank Dr. Osama Mohamed Hetta, Assistant Professor
OF Radio-diagnosis, and Faculty of Medicine, Ain Shams University, for
his valuable advices and instructions .

| WOULD LIKE TO EXPRESS MY DEPPEST APPRECIATION TO
DRr. Max kyi Maung & DR. Bernard MCclement Consultant Anaethetists,
Good Hope Hospital, Heart of England Foundation Trust Who Taught me
the ultrasound techniques.

MOHAMED EL-ZAYAT




CONTENTS

e Acknowledgements .......cccceeveniencennes
o List of tables.....cccccoeiviinrinniinncnrcnnnnes
o List of figures......cccceeeviviiniinrcncencens
o List of abbreviations........ccccccceveeneee.
¢ Introduction and Aim of the work.........cccceceneeee.

eReview of literature

Anatomical considerations........ccccceeeueeens 7
Basics of ultrasongraphy ......cccceeeeveeneeneees 30
Needle Visualization......ccceeeeesecnscansscnscoanss 60
Lumbar Plexus BlocCK......ccceeeererccnccnscnncnnses 82
ePatient and Methods..................... 96
eResults.....cccocviiniiiniiinniinniinneinnennes 104

@ DiSCUSSION..ccitiutiinriinricnsccnsccnsccnsccnscnnns 114

e Summary and conclusion............. 123
eReferences......ccccovivviinriinniinniinnccnsccannns 126

e ArabiC SUMMATrY....cccceeieteinrecnsccnsccnsccnsene 142



List of Tables

Number Table Page
Table (1) Choice of peripheral nerve block technique for 29
common surgical procedure of the lower extremity
Table (2) Attenuation Coefficients 34
Table (3) Echo texture of different tissues 40
Table (4) Comparison of two different approaches used for 64
US-guided punctures
Table (5) Bromage scale 102
Table (6) Patients Age in years 104
Table (7) Patients sex distribution 104
Table (8) Patients Body Mass Index 105
Table (9) Duration of operation in hours 105
Table (10) Onset of block in minutes 106
Table (11) Analgesia duration in hours 107
Table (12) Comparison regarding Accessibility 108
Table (13) Visualization of lumbar plexus in relation to BMI 109
Table (14) Analgesia duration in hours in relation to the 110
visualization of lumbar plexus
Table (15) Accessibility in relation to the visualization of 111
lumbar plexus
Table (16) effect of visualization of lumbar plexus on success 112
Table (17) Comparison between 2 groups regarding success 112




List of Figures

Number Figure Page
Figure (1) Plan of lumbosacral plexus 8
Figure (2) Branches of Lumbar plexus and their course 10
Figure (3) Lateral femoral nerve of the thigh anatomy 12
Figure (4) Obturator nerve distribution artery 14
Figure (5) Femoral nerve Anatomy 16
Figure (6) Diagram of segmental distribution of the cutaneous 19
nerves of the right lower limb

Figure (7) Sciatic nerve Anatomy 22

Figure (8) Diagram of the segmental distribution of the 24
cutaneous innervation of the lower extremity

Figure (9) Diagram of the segmental distribution of the 28
dermatomes and osteotomes of lower limb

Figure (10) The many responses that an ultrasound wave produce | 33

Figure (11) | Attenuation 34

Figure (12) Axial resolution 35

Figure (13) Lateral resolution 36

Figure(14) Characteristics of an ultrasound beam 37

Figure (15) Incorrect overall gain settings 42

Figure(16) Incorrect use of the time gain compensation dials 43

Figure (17) The correct time gain compensation (TGC) settings 43

Figure (18) | The impact of lateral resolution on the ability to 44
image the common peroneal nerve and tibial nerve

Figure (19) Structures seen during the performance of a 45
supraclavicular nerve block

Figure (20) Ultrasound image of the structures in short axis as 46
seen in the axillary fossa

Figure (21) Ultrasound image of the short axis view of the 48
internal jugular vein

Figure (22) The comet sign 49

Figure (23) Reverberation artifact 50

Figure (24) Bayonet artifact 51

Figure (25) | The incorrect position of the probe on the skin 52

Figure (26) Ultrasound image of the median nerve 53

Figure (27) Short axis ultrasound images of the structures found 54
in the popliteal fossa

Figure (28) The Interscalene brachial plexus imaged in short axis | 55




Figure (29) An occluded internal jugular vein 57
Figure (30) Ultrasound appearance of lymphadenopathy 58
Figure (31) Ultrasound appearance of edema 59
Figure(32) Long axis 61
Figure (33) Short axis 62
Figure (34) Diffusion of the anesthetic agent 63
Figure (35) The operator’s transducer hand 67
Figure (36) The out of plane approach 68
Figure (37) Needle inserted in a shallow trajectory toward the 72
axillary brachial plexus
Figure(38) Needle inserted in a steep trajectory (small needle- 76
beam angle) toward the infraclavicular brachial plexus
Figure (39) | The L4 approach to the lumbar plexus 86
Figure (40) The L4-L5 approach to the lumbar plexus (Winnie) 87
Figure (41) The L4-L5 approach to the lumbar plexus (Chayen) 87
Figure (42) The L3 approach to the lumbar plexus (Derkey’s). 88
Figure (43) | Entry point marked on one of our cases 98
Figure (44) Patient positioning 99
Figure (45) Ultrasound machine used in the study 100
Figure (46) Onset of block in minutes between 2 groups 106
Figure (47) Duration of analgesia in hours between 2 groups 107
Figure (48) Difference in accessibility between 2 groups 108
Figure (49) The effect of BMI on visualization of Lumbar plexus | 109
Figure (50) | The effect of visualization of lumbar plexus on 110
analgesia duration
Figure (51) The effect of visualization of lumbar plexus on 111
accessibility
Figure (52) Comparison between the success rates between the 2 | 113
groups
Figure (53) | Lumbar trident approach 115
Figure (54) | Needle guidance towards lumbar plexus 118




List of Abbreviations

ASA: American Society of Anesthesiologists.
BMI: Body Mass Index.

CT: Computed tomography.
DBCM: decibel per centimetre.
ECG: Electrocardiogram.

1J: Internal jugular vein.

IM: Intramuscular.

LBP: Lumbar plexus block.
LP: Lumbar plexus.

MHZ: Mega-Hertz

PNB: Peripheral nerve block.
SD: Standard deviation.

TGC: Time gain compensation.
US: Ultrasound.

VAS: Visual analogue score.

Vi



Introduction

Introduction

The key requirement for successful regional anesthetic blocks is to ensure
optimal distribution of local anesthetic around nerve structures. This goal is

most effectively achieved under sonographic visualization.

The main concern with continuous blocks is placement of catheter close
to the nerve so that local anesthetic drug is optimally distributed around
nerves. Nerves are not blocked by the needle but by the local anesthetic and
unsuccessful blocks mean that the local anesthetic is not where it should be
(lifield et al., 2002).

Direct visualization of the distribution of local anesthetics with high-
frequency probes can improve the quality and avoid the complications of
nerve block techniques. Ultrasound guidance enables the anesthesiologist to
secure an accurate needle position and to monitor the distribution of the local
anesthetic in real time. The advantages over conventional guidance
techniques, such as nerve stimulation and loss-of-resistance procedures, are
significant (Marhofer et al., 2005).

The first block was done under direct vision in 1884. Since then, this goal
has been achieved by various methods. Traditionally, blocks have depended
on fascial clicks and/or elicitation of paresthesia with or without the use of
nerve stimulators. Blind blocks are known to produce serious complications
and the motor response to nerve stimulation may be absent when the needle
is on or even in the nerve. Also damage to nerve structures by direct

puncture can happen (Dhir et al., 2007).




Introduction

Imaging is playing a major role in all fields of medicine. During the past
ten years the interest of anesthesiologists around the world for
ultrasongraphy in regional anesthesia has continuously increased. It is being
used for almost all of the peripheral nerve blocks in the western world.
Ultrasound assisted nerve block has been described for localization of the
brachial plexus, femoral nerve, lumbar plexus and sciatic nerve (Perlas et al.,
2003).

While ultrasound application for regional anesthesia is a relatively new
and evolving concept, its use to accurately locate target lesion for tissue
biopsy has been standard medical practice for many years. Ultrasound (US)
guidance has also proven to facilitate the neural blockade as well as improve
block quality. Ultrasongraphy allows one to visualize the neural structures,
its surrounding structures at risk such as pleura and vessels as well as spread
of the delivered local anesthetic in proximity to the nerves. Ultrasound also
allows one to estimate the tip of catheter location using color Doppler and
see the spread of anesthetic in real time. One is able to reduce the dose of
local anesthetic required because the drug is delivered precisely near the
target (Gray et al., 2004).

This technology is particularly useful to rescue blocks when a block has
failed using neuro-stimulation or paresthesia. It is also useful in situations
where neuro-stimulation induced motor twitches can be very painful for the
patients following trauma and fractures. This technique is particularly useful
in obese patients or patients with altered anatomy. This is the only technique
that sheds light on anatomical variations between individuals. Major barriers

to the implementation of ultrasound in regional anesthesia into daily clinical
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practice are the expense of the equipment and the need for specialized
training (Sites et al., 2005).

Concerning Lumbar plexus block, Lumbar plexus block (LPB) is
traditionally performed using surface anatomical landmarks and the site for
local anesthetic injection is identified using loss of resistance, paresthesia, or
by observing quadriceps muscle contraction to nerve stimulation. Surface
anatomical landmarks are useful but are only surrogate markers and can vary
among patients. This can result in a failure to contact the transverse process
or elicit quadriceps muscle contraction resulting in inadvertent deep needle

insertion, renal, or vascular injury (Marhofer et al., 2005).

According to Kirchmar, wide variety of approaches to the Lumbar plexus
have been suggested, along with different methods of nerve identification.
None of the approaches have success rates above 70-80%, and all involve
serious complications. Psoas compartment blocks are difficult to perform
under ultrasound guidance because the lumbar plexus is located relatively
deep at the level of the Psoas compartment [5.5 (1.4) cm at L2/3; 5.5 (1.4)
cm at L3/4; and 5.8 (1.3) cm at L4/5]. Therefore, the quality of ultrasound
imaging is reduced, and clear anatomical reference points are not present
(Kirchmar et al., 2003), so for these reasons we will conduct our study to

recommend the best approach to block the lumbar plexus.

At last, ultrasound imaging may transform the art of regional
anesthesiology into a science. In the present days of advanced technology, it
appears that ultrasound can be a useful aid as a real time guide of needle
and/or catheter position relative to the nerve or blood vessel and can be used

to define spread of the local anesthetic. It also allows anesthetists to
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reposition the needle if needed. Performance of ultrasound guided nerve
blocks in clinical practice is a skill and needs to be acquired by practice
(Karmakar et al., 2008).
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Aim of the Work,

Aim of the work

The aim of the study is to find the best approach for Psoas compartment

block using ultrasound guidance to increase efficacy and decrease incidence

of complications of the block.



Anatomical Considerations

ANATOMICAL CONSIDERATIONS

The Lumbar Plexus (figure 1):

The lumbar plexus is formed by the ventral rami of the first, second,
third, and major part of the fourth lumbar nerves. It is located in the
substance of psoas major muscle in a compartment formed by the bodies of
the lumbar vertebrae medially; the psoas major muscle and its fascia
anteriorly and the transverse processes, intertransverse ligaments and

muscles and the quadratus lumborum posteriorly (Chudinov et al,

1999).

The mode in which the plexus is arranged varies in different subjects. It
differs from the brachial plexus in not forming an intricate interlacement, but
the several nerves of distribution arise from one or more of the spinal nerves,
in the following manner: the first lumbar nerve, frequently supplemented by
a twig from the last thoracic, splits into an upper and lower branch; the upper
and larger branch divides into the iliohypogastric and ilioinguinal nerves; the
lower and smaller branch unites with a branch of the second lumbar to form
the genitofemoral nerve. The remainder of the second nerve, and the third
and fourth nerves, divide into ventral and dorsal divisions. The ventral
division of the second unites with the ventral divisions of the third and fourth
nerves to form the obturator nerve. The dorsal divisions of the second and
third nerves divide into two branches, a smaller branch from each uniting to
form the lateral femoral cutaneous nerve, and a larger branch from each
joining with the dorsal division of the fourth nerve to form the femoral nerve.
The accessory obturator, when it exists, is formed by the union of two small

branches given off from the third and fourth nerves (Fennegan, 1990).




