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Foreword

It is an enormous honor to pen this Foreword to Essentials of Regional
Anesthesia in light of my following in the footsteps of the inimitable Professor
P. Prithvi Raj, the author of the last edition’s opening statement. In that regard
alone, I am humbled to be next in line to comment upon the value of this
extremely timely addition to our regional anesthesia armamentarium, which
presents a fresh look at the evolving and expanding world of regional
anesthesia.

I became immersed in the world of regional anesthesia when I sat in on Dr.
Alon Winnie’s address to the American Society of Anesthesiologist’s Annual
Meeting detailing his unique perspective on brachial plexus anesthesia in the
early 1980s. Until that time there were only two regional anesthesia text-
books in common usage by clinicians, Regional Block by Dr. Daniel C. Moore
from the Virginia Mason Medical Center in Seattle and Neural Blockade,
Pain Management by Dr. Phil Bridenbaugh from Cincinnati along with Dr.
Michael Cousins from Australia. From the moment I listened to Dr. Winnie
and going forward I knew that there was no greater application of art to sci-
ence in all of medicine than that presented by the challenge of providing
discrete, localized, and well-circumscribed neural blockade to isolated areas
of the body without engendering the trespass associated with use of general
anesthesia, which up to that time continued to have a somewhat prohibitive
incidence of grave consequences associated with its use. Coincidentally,
while general anesthesia was about to become conspicuously safer with the
advent and routine use of capnography and pulse oximetry, paradoxically
instead of relegating regional anesthesia to the wayside, the popularity and
utility of regional soared in the 1980s and beyond. This coincided with its
own renaissance of sorts, including the practical identification that sound
waves directed at a target or bundle of nerves while performing a block could
enhance safety and efficacy of the procedures. In addition to safety and effi-
cacy, ultrasound guidance empowered the meek and timid, who previously
would have avoided regional block at all costs, and changed regional anesthe-
sia from being a formidable and exclusionary practice limited to a mere few
experts, to a practice that could be readily handed down from mentor to men-
tee with little fanfare and with extremely shallow learning curves. This is true
particularly when contemporary training in regional is compared to the
regional block training of the past, which relied heavily upon mastery of
oftentimes imprecise percutaneous landmarks and the uncertainties of electri-
cal neural stimulation.
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Foreword

Alon Winnie, like Prithvi Raj, was part of the renaissance of regional anes-
thesia, when in 1975 they partnered (along with Harold Carron, L. Donald
Bridenbaugh, Jordan Katz) to resurrect the long-defunct American Society of
Regional Anesthesia (ASRA; now known as the American Society of
Regional Anesthesia and Pain Medicine), in anticipation of the resurgence of
interest in regional anesthesia and pain management, recognizing that the two
concepts are conjoined twins and always have been. It is no surprise and no
coincidence that the great leaders of regional anesthesia have been and likely
always will be experts at both pain management and in regional peripheral
and neuraxial blockade. In that regard, Drs. Winnie and Raj; John Bonica and
Daniel Moore; Gabor Racz and Steve Waldman; Michael Cousins and Phillip
Bridenbaugh, among others, have each been considered to be world leaders
not only in the domains of regional anesthesia but also in the management of
acute and chronic pain conditions.

In 1999, while authoring a textbook chapter with Dr. Winnie for a novel
text, Pain Management and Regional Anesthesia in Trauma, 1 was intrigued
to note that Alon had included eight “postulates” concerning regional anes-
thesia and the expected benefits of peripheral nerve blocks, particularly when
compared to use of general anesthesia or central neuraxial (spinal and epi-
dural) types of blocks. Among his statements touting the major advantages of
regional, he stated that it would...

e Provide Superior Postoperative Analgesia to Oral or IV Opioid Analgesics

e Improve Rehabilitation Efforts (due to analgesia)

* Lead to Decreased Perioperative Nausea and Vomiting (Less Opioid Use)

* Provide for Faster Emergence and Recovery

* Encourage Earlier Mobilization (Unilateral Block)

e Unilateral, Postganglionic Sympathetic Block with Less Associated
Trespass

e Contribute to Faster Outpatient Discharge

* Have Extended Benefits via Continuous Catheters

In 1999, I was hesitant to include these bold statements into the body of a
work which would be widely accessible to the masses and which would con-
tribute to our enduring materials on regional anesthesia. Nevertheless, as
usual he prevailed, and the result was that each and every one of these pre-
scient proclamations of his did indeed come to fruition over time, affirming
that this regional anesthesia business was “no humbug” indeed!

The use of regional anesthesia has become a centerpiece in our war against
overuse of opioid analgesics. Providing profound analgesia to our patients
reduces their need for consuming narcotics while also helping them bridge
the time from surgical or procedural trespass to the safety of their homes.
There is an abundance of clinical and experimental evidence available that
unequivocally demonstrates these essential attributes of these techniques and
which is a furtherance that opioid sparing, a mandate that all practicing clini-
cians must confront, can reasonably and reliably be accomplished by the use
of regional block techniques using local anesthetics with and without adjunc-
tive medications.



Foreword

The present reference work is an affirmation of the concepts established
long ago by the great leaders of regional anesthesia which has been succinctly
presented in a manner most conducive to enhancing the educational process.
Carefully organized into eight sections and expanded from the previous edi-
tion’s 31 chapters to 39 chapters, this reference work should become a com-
pulsory reading for anyone interested in expanding their horizons on all
topics related to regional anesthesia, including basic and advanced constructs
and incorporating the most up-to-date issues confronting those engaging in
regional anesthesia practice. Among these are the considerations related to
anticoagulation use; use of regional in acute settings such as the trauma
patient; preemptive analgesia and the prevention of chronic postoperative
pain; and the newer and more novel techniques of regional block popularized
by the expansion of anatomical principles identified with the veritable explo-
sion in ultrasound use.

Dr. Alan David Kaye has followed the pathways blazed by our great fore-
fathers in combining his passions for pain management with those of regional
anesthesia. After all, the lessons of the past have been transmitted to him
through his unrivaled mentoring at the hands of Professors Racz and Raj,
among others. These lessons permeate throughout this unique reference
work, and whether the reader is a true regional anesthesia expert, is a first-
time novice intent on becoming a master, or is merely a curious scopophiliac
who wishes to expand their horizons, this book will provide a wonderful pas-
sageway to accomplishing these goals. With great pride, I too have made my
humble contributions, and look upon this task as a most joyous triumph of
scholastic achievement.

Chicago, IL, USA Kenneth D. Candido, MD



Preface

We are proud to present this updated 2nd edition of our popular practical
guide to regional anesthesia techniques. The practice of regional anesthesia
has undergone tremendous evolution in the past few decades. Until recently,
older “blind” techniques were taught, and successful regional anesthetics
were typically limited to a few extraordinary clinicians in each department of
anesthesia worldwide. Ultrasound, electrical stimulation, fluoroscopy, and
continuous catheters have contributed to a revolution in the fields of regional
anesthesia and pain management. Advances in technology have changed
these fields significantly, resulting in the development of formal regional
anesthesia and pain fellowships. In addition, there is an increasing emphasis
on regional anesthesia techniques for acute pain control in order to promote
better patient outcomes.

The present field of regional anesthesia has challenged not only new resi-
dents and fellows but also older practicing anesthesiologists and other spe-
cialists to learn these new techniques and technologies in their clinical
practices. Excellence and versatility in regional anesthesia can provide the
means by which we better manage acute and chronic pain. Modern regional
anesthesia provides hope and optimism for the comfort of future generations
of patients afflicted with a wide array of medical conditions.

One of the strategies in creating this updated, evidence-based 2nd edition
of Essentials of Regional Anesthesia was to make it practical for the clinician.
To that end, we have recruited regional anesthesia experts, as well as fellow-
ship directors and their fellows, as authors for most of the chapters in this
book. We also requested that authors identify clinical pearls and help us cre-
ate a databank of questions for trainees to facilitate learning of the subject
material. The editors of the book agree that this has been a challenging but
rewarding project. As with the first edition, we have endeavored to present
the material with clarity and conciseness. Our goal has been a book of practi-
cal applicability for the anesthesia provider and others who would like to
learn more about the field. Best of luck to each of you as you develop your
clinical practices in regional anesthesia.

New Orleans, LA, USA Alan David Kaye

Boston, MA, USA Richard D. Urman
New Haven, CT, USA Nalini Vadivelu
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Introduction

Setting up a regional anesthesia service requires a
reliable and consistent product as well as a sound
business plan. Technological advances in nerve
stimulation, ultrasound guidance, and perineural
catheters have led to rapid growth in the number
and types of peripheral nerve block procedures
available to regional anesthesia practitioners.
Starting a new regional anesthesia program poten-
tially adds monetary value to a facility’s periop-
erative services by improving the quality of
postoperative analgesia and recovery from sur-
gery, thereby reducing perioperative costs and
offering a competitive advantage over other surgi-
cal facilities. From the patient’s perspective, a
regional anesthesia program provides nonmone-
tary value by preventing pain and reducing the
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risk of nausea and vomiting after surgery. The
goal of this chapter is to provide initial guidance
to the anesthesiologist interested in starting a new
regional anesthesiology and acute pain program.
While the argument in favor of developing a
regional anesthesia program in terms of non-
monetary value is convincing in and of itself,
determining monetary value is vital to initiating
any new program. There are start-up costs to
consider, and expected revenues are typically
delayed. How does the individual anesthesiolo-
gist convince his or her own anesthesiology
group or hospital administrators that a new ser-
vice that provides peripheral nerve blocks and
acute pain management is worth the investment?
In this era of cost-effective healthcare delivery,
all medical institutions, academic and private,
are under similar financial pressures. There is a
new plethora of literature beginning to show
evidence for both regional anesthesia and acute
pain services that provide benefit and cost effi-
ciency even with the added investment [1-4].
For example, in a study investigating cost-effec-
tiveness of ultrasound-guided interscalene nerve
blocks in comparison with general anesthesia
for arthroscopic shoulder surgery, Gonano et al.
found that there were total cost savings as well
as reduced anesthesia-related workflow (OR
emergence and anesthesia control times, PACU
time, etc.) [3]. For academic centers, there is an
important primary educational mission that
must be achieved in the setting of financial sta-
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bility. That being said, regional anesthesia and
acute pain medicine are established required
components in the fund of knowledge required
to become a board certified anesthesiologist and
should be included in the training program of all
anesthesiology residents, regardless of cost.

Reasons for Starting a Regional
Anesthesia Program

As the definition of “outpatient” surgery contin-
ues to broaden, patients previously hospitalized
for the same surgeries several years ago are now
scheduled for discharge on the day of surgery and
benefit from improved perioperative and postop-
erative analgesia. Lengthy hospitalizations for
some major surgeries are gradually progressing
to overnight admission. For example, total joint
replacement postoperative protocols have been
refined to the point that it is currently feasible to
practice same-day discharge or short-stay admis-
sion for appropriate cases [5-7].

The causes of prolonged recovery after sched-
uled ambulatory surgery have been studied and
are multifactorial. In addition to the type of sur-
gery, these factors include postoperative nausea
and vomiting, as well as pain following general
anesthesia [8]. The proper application of regional
anesthesia techniques in the ambulatory setting
can minimize or avoid these common side effects
and decrease the time required for patients to
meet predetermined discharge criteria [9-11].

According to the results of a survey conducted
by Dr. Macario and colleagues, nausea, vomiting,
and pain are among the main side effects patients
prefer to avoid after anesthesia [12]. It is increas-
ingly important to consider patient preferences in
the current healthcare system. Ensuring high
patient satisfaction will likely lead a patient to
return to a particular healthcare system for future
surgical services if needed and potentially result
in new referrals. Patients should be considered
consumers with the right to the highest-quality
service, and they have choices regarding their
healthcare. Anesthesiology groups or hospitals
who offer regional anesthesia services can
employ marketing strategies to outcompete other

anesthesiology groups and hospitals that do not
offer similar services.

Regional anesthesia is not “one size fits all”
anesthesia. The combination of specific periph-
eral nerve block techniques can produce anesthe-
sia and postoperative analgesia that is nearly as
selective as the surgical procedure itself. In a
large case series, Klein and colleagues have dem-
onstrated that peripheral nerve blocks in the
ambulatory setting lead to reductions in periop-
erative intravenous opioid use and high patient
satisfaction and can be used in conjunction with
oral opioid analgesics [13]. For the non-
orthopedic patient, other regional anesthesia
techniques may offer similar advantages
[14-16].

In order to extend the duration of site-specific
pain relief beyond the immediate perioperative
period, continuous peripheral nerve blocks
(CPNB) and perineural local anesthetic infusions
are currently used for a wide variety of surgeries
in the ambulatory environment [17-24].
Randomized, placebo-controlled studies have
conclusively demonstrated significant reductions
in patient-reported pain after shoulder, foot, and
distal upper extremity surgery as a result of
CPNB [22-25]. By providing superior analgesia
at home, a CPNB effectively reduces the need to
hospitalize patients for pain control. Adjuvants to
local anesthetics have also shown to produce reli-
able prolongation of analgesic duration and are
being used more often in ambulatory surgery. A
recent meta-analysis of randomized trials has
demonstrated that the addition of dexamethasone
to long-acting local anesthetics the sensory bra-
chial plexus block by an average of 9.5 h [26].
This length can be increased even further in a
dose-dependent fashion [27]. In addition, liposo-
mal bupivacaine, which produces an extended
release local anesthetic, has become increasingly
popular in recent years, specifically for local
infiltration, although there is interest in the use of
Exparel with peripheral nerve blocks. Broader
application of these advanced regional anesthesia
techniques has contributed to the growing inter-
est in ambulatory total joint replacement [6, 7,
28, 29].
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Bringing Your “Product” to Market

Developing a new regional anesthesia program is
like inventing a new product. In addition to ensur-
ing the consistency and reliability of the product,
the prospective clientele and demand for the
product should be considered. Applying this
analogy, it is essential to identify potential cus-
tomers and their needs. The patient and patient’s
family are the most important customers, and
improvements in the overall quality of postopera-
tive recovery resulting from regional anesthesia
offer meaningful benefits to them. Surgeons are
clearly important customers to any anesthesiol-
ogy practice, hospital, or surgical center.
Surgeons’ concerns regarding failed blocks,
complications, and case delays must be addressed
[30], and surgeons may rally behind a regional
anesthesia program that improves operating room
efficiency [31]. When a regional anesthesia pro-
gram gains surgeon support, the dividends multi-
ply. Since surgeons establish rapport with patients
several days or weeks before the surgery, their
recommendation in favor of regional anesthesia
is likely to lead to higher utilization of these
services.

Despite the common belief that surgeons rep-
resent the major obstacle to developing a regional
anesthesia service, it is often the anesthesiology
practice itself that requires the most convincing.
Since the initial investment in money, training,
and personnel is incurred by the practice, there
must be tangible benefits from implementing a
new service. The ability to recoup this cost is
dependent on the model of regional anesthesia
practice implemented and the anticipated volume
of nerve block procedures. For a busy orthopedic
hospital, a new regional anesthesia service may
generate enough new revenue to support the sal-
ary of one dedicated regional anesthesia provider
per clinical day. However, this type of “block
room” model is not appropriate to all practices,
and every regional anesthesia service should be
developed with consultation from the individual
practice manager and billing service to ensure
proper financial planning.

The hidden customer when developing a new
regional anesthesia service is hospital adminis-

tration. Often, hospital administration receives
the requests to purchase the initial capital equip-
ment (e.g., nerve stimulators, regional block
carts, and ultrasound machines). Although these
overhead expenses may be large, they tend to be
fixed and nonrecurring [32]. Administrators must
be assured that this investment will result in qual-
ity improvement and possibly financial return,
either from cost containment (e.g., reductions in
hospital stays or nursing labor), increased reve-
nue (e.g., attracting new patients or insurance
contracts), or both. Some additional recurrent
labor-intensive aspects may include support staff
to maintain equipment and supplies and pharma-
ceutical staff to supply medications for the peri-
operative period. It is important to note that cost
savings generated by regional anesthesia and
perioperative pain management tend to benefit
the hospital financially and not the individual
anesthesiologist or anesthesiology group. In light
of this fact, it is reasonable and expected to
request the financial support of administration
when developing a comprehensive perioperative
pain management service employing regional
anesthesia techniques.

Determine if Regional Anesthesia
Will Save Money

Strategies to decrease the total cost of providing
perioperative services must focus on variable
costs despite the fact that the overwhelming
majority of costs associated with any surgical
procedure are fixed [32].

For ambulatory surgery, the use of peripheral
nerve block techniques leads to increases in
PACU bypass and shorter time to discharge com-
pared to general anesthesia [9-11, 33, 34]. Cost
savings can result from decreased recovery time
associated with PACU bypass by reducing nurs-
ing time and labor [1]. In a high-volume orthope-
dic surgery center specializing in regional
anesthesia for anterior cruciate ligament recon-
struction (ACLR), the odds of bypassing PACU
are nearly four times higher when the patient
receives regional anesthesia compared to general
anesthesia [1]. In this setting, PACU bypass has
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been shown to reduce the average per-patient cost
by approximately $420 (USD) [1].

The development of step-down (Phase II)
recovery units alters traditional PACU nurse
staffing since these units are not considered criti-
cal care units, and patients classified as Phase 11
may be staffed in a ratio of four or five patients to
one nurse. By increasing PACU bypass from 0 to
40% with regional anesthesia, PACU staffing
may be reduced by one full-time nurse in a typi-
cal surgical center employing full-time staff paid
hourly with frequent overtime [35]. In practical
terms, this increase in PACU bypass can reduce
overtime and therefore ease the financial burden
on short-staffed hospitals and surgery centers.

Shortening hospital stays and minimizing
unplanned hospital admissions for outpatients are
potential sources of cost savings. Cost contain-
ment is essential when dealing with insurers that
only reimburse a fixed amount per surgical pro-
cedure regardless of charges. For scheduled out-
patients undergoing ACLR, unplanned admission
to hospital adds $385 (USD) per patient [1].
When employing femoral CPNB for scheduled
surgical procedures requiring inpatient care such
as total knee arthroplasty (TKA), patients may
meet criteria for discharge home sooner com-
pared to conventional analgesic techniques [5].

A major advantage of CPNB is that it may be
provided on an outpatient basis unlike intrave-
nous opioid patient-controlled analgesia or epi-
dural analgesia. Shortening hospital stays for
TKA by transitioning to outpatient femoral
CPNB leads to a 34% decrease in overall hospi-
talization cost (US$ 2682) due mostly to room
and board savings [2]. According to data gath-
ered from the National Hospital Discharge
Survey, the rate of primary TKA in the United
States nearly tripled between 1990 and 2002 to
over 400,000 per year and is expected to increase
[36]. Given this trend, the potential cost savings
afforded by employing a regional anesthesia ser-
vice for just TKA is impressive; extrapolating
these data to all joint replacements and other
major surgeries generates a staggering figure that
should change surgical practice.

However, the decision to discharge a patient
home early after TKA must be agreed upon by

the entire healthcare team, and proper patient
selection is essential. For patients to be dis-
charged home with a femoral CPNB after joint
replacement, he or she must have a caretaker
24 h/day, an established outpatient physical ther-
apy program, and close follow-up by a healthcare
provider [5].

Bill Effectively for Professional Fees

The charge is the sum listed on a bill for services
rendered. Taking a hands-on approach to billing
professional fees will maximize charges and lead
to revenue generation for the individual anesthe-
siologist and anesthesiology group. Billing strat-
egies should be constantly reevaluated as
regulations and procedural codes change, and
actual billing practices will vary based on the
individual institution, geographic location, payor
mix, and even negotiations with individual insur-
ance providers. In addition, in the current politi-
cal climate, insurance factors and finances may
change further depending on any planned changes
for the American health insurance system.

Use Appropriate Current Procedural
Terminology (CPT) Codes
and Modifiers

Anesthesia billing services should not be expected
to interpret our handwritten procedure notes and
deduce the appropriate codes for regional anes-
thesia. For example, simply writing “infraclavicu-
lar block” on an anesthesia record may not be
correctly coded as “64415—brachial plexus
block™ unless the anesthesiologist educated the
billing service staff in brachial plexus anatomy.
To avoid confusion, consider doing your own
coding on a standardized procedure note
(Fig. 1.1). If using an electronic medical record,
adding charges may become easier and faster. As
an example, in our academic institution, every
regional anesthesia provider completes their own
coding electronically, directly upon completion of
the nerve block and procedure note to minimize
human error and missing documentation. In addi-
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tion, our institution mandates education regarding
billing and coding as a component of the regional
and acute pain medicine rotation and as part of the
system-based practice component in Accreditation
Council for Graduate Medical Education
(ACGME) core competencies. We hope this is a
useful skill that is useful in their transition from
residency to full-time employment.

Common CPT codes for regional anesthesia
are listed in Tables 1.1 and 1.2. Be aware that
CPT codes are revised periodically, so make it a
habit to review the updated CPT codes every
year. When billing for nerve block procedures
performed for postoperative pain management,
include the distinct procedure modifier —59 to
distinguish the block from the intraoperative
anesthetic technique (e.g., 64416-59 for a bra-
chial plexus catheter placed for postoperative
pain management) [37]. This is especially impor-
tant when the same provider performs the nerve
block and the intraoperative anesthesia. Some
additional recent examples are listed below.

New ultrasound-guided transversus abdominis
plane (TAP) block codes were introduced as of
January 1, 2016. These new codes listed in
Table 1.3 delineate between single and continuous

Table 1.1 Commonly used CPT codes (2017) and sug-
gested unit value charges (ASA relative value guide) for
single-injection nerve blocks

infusion and unilateral versus bilateral procedures.
Rectus sheath blocks and other TAP block varia-
tions can be billed using new codes for TAP blocks.
It is important to note that these CPT codes include
imaging as part of a bundle, therefore eliminating a
separate code for ultrasound guidance. Ultrasound-
guided ilioinguinal and iliohypogastric TAP blocks
performed for inguinal hernia repair can be charged
for using the separate 64425 CPT code; this code,
however, does not include imaging or distinguish
between unilateral and bilateral.

New ultrasound-guided paravertebral block
(PVB) codes (Table 1.4) were also introduced in
2016. Once again these codes delineate between
single injection and continuous infusion and

Table 1.3 Ultrasound-guided transversus abdominis
plane block CPT codes (2017)

CPT
code

64486

Description

Transversus abdominis plane (TAP) BLOCK
(abdominal plane block, rectus sheath block)
unilateral; by injection(s)—includes imaging
guidance, when performed

Transversus abdominis plane (TAP) BLOCK
(abdominal plane block, rectus sheath block)
unilateral; by continuous infusion(s)—
includes imaging guidance, when performed
Transversus abdominis plane (TAP) BLOCK
(abdominal plane block, rectus sheath block)
bilateral; by injection(s)—includes imaging
guidance, when performed

64487

64488

CPT code Injection site Units charged
64417 Axillary 8

64415 Brachial plexus 8

64447 Femoral 7

64445 Sciatic 7

64483 Lumbar plexus 9

64450 Peripheral nerve other 5

64999 Unlisted N/A

Table 1.2 Commonly used CPT codes (2017) and sug-
gested unit value charges (ASA relative value guide) for
continuous peripheral nerve blocks

CPT code Catheter site Units charged
64416 Brachial plexus 13

64448 Femoral 12

64446 Sciatic 12

64449 Lumbar plexus 12

64999 Unlisted N/A

64489 | Transversus abdominis plane (TAP) BLOCK
(abdominal plane block, rectus sheath block)
bilateral; by continuous infusion(s)—

includes imaging guidance, when performed

Table 1.4 Ultrasound-guided paravertebral block CPT
codes (2017)

CPT
code

64461

Description

Paravertebral block (PVB) (paraspinous
block), thoracic; single injection site—
includes imaging guidance, when performed

64462 | Paravertebral block (PVB) (paraspinous
block), thoracic; second and any additional
injection site(s)—includes imaging guidance,

when performed

64463 | Paravertebral block (PVB) (paraspinous
block), thoracic; continuous infusion by
catheter—includes imaging guidance, when

performed
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include imaging guidance. When more than one
injection is given, the code 64462 should be used
as an add-on code and billed together with 64461.

Create a Separate Procedure Note

When nerve blocks are performed for acute post-
operative pain, separate from intraoperative
anesthetic care, it is helpful to develop a distinct
procedure note to document regional anesthesia
techniques [38, 39]. The use of a different form
physically separates the regional anesthesia pro-
cedure documentation from the documentation
associated with the intraoperative anesthetic care
and can even include common billing codes
(Fig. 1.1). The procedure note must include indi-
cation for the procedure (acute postoperative
pain) as well as the referring physician. When
designing new forms, involve your managers to
ensure compliance with hospital policies and
mandates from regulatory agencies. When using
a separate form to document and bill for nerve
blocks placed for postoperative pain manage-
ment, the anesthesia record should not indicate
“nerve block™ as being part of the intraoperative
anesthetic management. However, nerve blocks
performed as the intraoperative anesthetic tech-
nique should be billed as such and not billed
separately for postoperative pain management.

Document Physician Referral for Pain
Management Consultation

When performing regional anesthesia procedures
for postoperative pain management, physician refer-
ral must be documented as well as the indication for
the procedure. This also serves as the request for
postoperative pain management consultation.

Billing for Ultrasound Guidance

When real-time ultrasound guidance is used for
performing a nerve block, CPT code 76942 should
be submitted as a separate charge. Proper utiliza-
tion of this code requires documentation of the

ultrasound image taken during the procedure as
well as specific interpretation of findings. In some
institutions, ultrasound images are able to be elec-
tronically transferred to become part of the com-
puterrecord. Another way to fulfill this requirement
is to print a copy of the ultrasound image and
attach it to the procedure note, or, if the procedure
note is electronic, to simply include the ultrasound
image in the patient’s paper chart. For complete-
ness, it is important to annotate the ultrasound
image with identification of relative anatomy
(nerves, muscles, bones, arteries, veins, etc.) and
document needle placement and spread of local
anesthetic solution. CPT code 76942 takes into
account both technical and professional compo-
nents associated with real-time ultrasound use.
The technical component includes equipment stor-
age and maintenance costs related to owning an
ultrasound machine, while the professional com-
ponent takes into account the physician’s applica-
tion and interpretation of ultrasound only. If the
ultrasound equipment is owned by the hospital and
not by the anesthesiologist, the modifier —26
should be added to CPT code 76942 in order to
limit the ultrasound charge to professional fee
only. Without the modifier, the 76942 code
includes a technical component charge for both
equipment storage and maintenance.

Billing for Acute Pain Management
and Daily Follow-Up of Continuous
Peripheral Nerve Blocks

Multimodal postoperative analgesia as part of inte-
grated clinical care pathways has led to the evolu-
tion of some regional anesthesia services into acute
pain management services [40]. At times surgeons
consult the regional anesthesiologist or designated
acute pain medicine provider for acute pain man-
agement issues of challenging postoperative
patients. Examples of consultation requests include
evaluation of a hospitalized patient with severe
obstructive sleep apnea with postsurgical pain who
is sensitive to systemic narcotics or a patient on
high doses of daily opioids for chronic pain who
after surgery has difficulty transitioning from intra-
venous to oral pain medications. The anesthesiolo-
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gist who evaluates these patients can use the CPT
codes 99251-99254 to bill for the encounter,
depending on the complexity of the case. In addi-
tion, patients with continuous peripheral nerve
block catheters need to be evaluated daily for ade-
quacy of pain control and potential catheter-related
complications. Prior to January 2009, the CPT
code for patients with such catheters included
10 days of routine follow-up management. Since
then, the follow-up care has been unbundled, and
the daily evaluation and management of such
patients is now also a billable charge using 99231—
99233 for established in-hospital consults.

Foster a Team Approach to Billing

Developing a good relationship with the people
that send out claims and negotiate with insurance
companies is essential. If regional anesthesia is
new to an anesthesiology practice, meet with the
billing service manager in person to clearly explain
what regional anesthesia is, why it is performed,
and the volume and variety of procedures that are
expected. Since they are not directly involved in
the provision of healthcare, it may be worthwhile
to have the billing manager observe regional anes-
thesia procedures and witness patients’ postsurgi-
cal recovery, as long as patient confidentiality can
be preserved. The more the billing service man-
ager understands the indications and benefits of
regional anesthesia, the better he or she is equipped
to negotiate charges and fair payment for regional
and acute pain services. Similarly, when develop-
ing new aspects to any computer system, such as
updating an electronic medical record, those who
will build the technology and the supervisors of
these systems are essential team members who
must understand the flow and the needs of the
regional and acute pain medicine services.

Organize an Efficient Regional
Anesthesia Service

To make a regional anesthesia service success-
ful, many pieces must fit together. All of the cus-
tomers must be satisfied, including the patients,

surgeons, and administrators. While patients
may be satisfied by the superior pain control and
improvement in the quality of post anesthesia
recovery afforded by peripheral nerve blocks
and CPNB, surgeons and administrators will
also demand efficiency. In the busy outpatient
surgery setting, the addition of a new regional
anesthesia service does not have to detract from
perioperative efficiency and may, in fact, con-
tribute positively [31].

Staff and Training

Regardless of the regional anesthesia service
model employed, specially trained personnel in
regional anesthesia techniques are necessary.
When developing a service that utilizes specific
procedural skills and advanced technology (e.g.,
surface ultrasound and CPNB), hiring and train-
ing staff with these skills is the most important
first step. This staffing model includes not only
the anesthesiology physicians but can include
NPs or nurses who specifically participate in the
perioperative environment with the block team.
The use of ultrasound guidance for regional
anesthesia has become standard of care in many
practices and may offer advantages in terms of
procedural efficiency [41-44] but requires
dedicated training [45, 46]. In the past, not all
anesthesiology residency training programs have
provided adequate training in regional anesthe-
sia techniques, but this is becoming more
commonplace [47-49] as the development of
subspecialty regional anesthesia services at
academic hospitals have led to increased volume
and complexity of procedures performed by
residents [50, 51]. For private practice anesthesi-
ologists, skills can be learned from partners who
have received specialized training or continuing
education courses that fulfill certain educa-
tional parameters [45], such as the American
Society of Anesthesiologist (ASA) and American
Society of Regional Anesthesiology accredited
meetings.

In addition, recognizing this need for further
formalized training, the ACGME in October
2016 recognized an established set of guidelines
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for a Regional Anesthesiology and Acute Pain
Medicine Fellowship as the newest accredited
subspecialty fellowship within anesthesiology.
In 20162017, this will be the first year pro-
grams are able to apply for accreditation to the
ACGME. Specific guidelines outlining fellow-
ship training in regional anesthesiology and
acute pain have been developed [52]. Graduates
of these fellowship programs are expected to
possess a higher knowledge and level of profi-
ciency with regional techniques, be more effi-
cient, be able to tackle challenging patient
anatomies, and be comfortable with advanced
technology with standard expectations as cre-
ated through the ACGME and the ASA. These
future fellowship trainees should be the experts
at the multimodal approach to pain prevention
and management. Their priority will be to
aggressively treat severe acute pain when it
occurs in the postsurgical period and prevent it
from becoming chronic. Moreover, these highly
trained regional anesthesiology graduates would
be positioned to become physician leaders who
may run acute pain medicine teams, educate res-
idents and anesthesiology colleagues in regional
techniques, and advocate the advantages and
benefits of regional anesthesia among surgeons,
hospital administrators, patients, and the general
public. Finally, the development of subspecialty
regional anesthesia fellowships and services at
academic hospitals may lead to increased vol-
ume and complexity of procedures performed by
residents [50, 51] and further advances in
research and academia.

Consistency

By storing all necessary supplies in one central
and convenient location, either a “block room” or
regional anesthesia cart, performing peripheral
nerve blocks and CPNB procedures can be as
efficient as possible. All practitioners should con-
form to standardized supplies to simplify order-
ing, storage, and preparation of equipment
associated with each procedure. This allows both
for consistency in care and a more familiar envi-
ronment to all participants in care.

All Team Members Working Together
Toward Efficiency

In addition to having an efficient block room, it is
imperative for all members of the team to be on
time. All preoperative assessment must be in
place, including the anesthesiologist assessment,
the regional anesthesiology and acute pain medi-
cine team assessment, and surgical paperwork to
be complete. In addition, the surgeons must arrive
at the hospital early to sign consent and mark the
patient in order to avoid delay in first case starts.
It is also helpful to improve operating room effi-
ciency, if the surgeon marks the patient early
between the cases thus to give the regional team
ample time for block placement.

In many cases, patients also can attend an
informational session on a day prior to surgery
to improve their understanding of what will hap-
pen on the day of surgery and to optimize their
own comfort level and understanding of the
process.

Performing a Regional Nerve Block

When regional anesthesia procedures are per-
formed in a regional anesthesia induction area or
“block room” while the preceding case is still in
the operating room, anesthesia-controlled time is
reduced compared to both general anesthesia and
nerve blocks performed in the operating room
[31, 53]. This parallel processing model employ-
ing a block room may not work for every group
practice or institution as it depends on the avail-
ability of resources and personnel [54]. For pri-
vate anesthesia groups that function as a care
team utilizing anesthesiologists and nurse anes-
thetists or academic anesthesiology departments
with residents, a block room model is both feasi-
ble and recommended [39].

A “block room” does not have to be a dedi-
cated enclosed space and may be created out of
existing clinical space in a preoperative holding
area or postanesthesia care unit. At a minimum,
this space should contain standard ASA monitor-
ing, an oxygen source, and resuscitation equip-
ment in addition to regional anesthesia supplies
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Fig.1.2 Example of a
regional anesthesia
induction area or “block

room” with standard
ASA monitoring,
oxygen source,
resuscitation equipment,
and regional anesthesia
supplies

(Fig. 1.2). In addition, a portable regional anes-
thesia cart is advantageous because it can be
transported from location to location when nec-
essary. Since local anesthetic systemic toxicity
remains one of the most devastating complica-
tions of regional anesthesia, it is important that
lipid emulsion bags are readily available in the
“block room” and clearly labeled with instruc-
tions for use in case of an emergency, as well as
other standard emergency drugs.

Planning ahead will lead to effective time
management on the day of surgery. Developing a
reliable service is optimal because surgeons can
discuss postoperative analgesia options including
regional anesthesia with the patient in their clin-
ics prior to scheduling surgery. A facility with a
preanesthetic evaluation clinic can introduce the
concept of regional anesthesia techniques for
postoperative pain management. Written educa-
tional materials on regional anesthesia proce-
dures for particular surgeries as well as answers
to frequently asked questions may be printed or
made available on Internet websites to help dis-
seminate information prior to the day of surgery.
Educating patients in advance saves time and
minimizes patient anxiety on the day of surgery.
Otherwise, each practitioner can call his or her
own patients prior to surgery to discuss specific
nerve block techniques. During this preoperative
phone call, patients scheduled for surgery ame-
nable to regional anesthesia techniques should be
asked to check in at least 2 h prior to their sched-
uled surgery start time. It is also necessary to

identify potential regional anesthesia patients to
preoperative nursing and clerical staff so they
may be triaged quickly through the admissions
process and provide adequate time to perform
procedures.

Diligent Follow-Up Is Key

Inserting the needle into the right place is the
easiest part of regional anesthesia. The difficult
part is developing an effective system of follow-
up which is necessary for any program to
succeed.

For example, in one survey of outpatients with
perineural catheters, it was discussed that once-
daily telephone calls from a healthcare provider
is the optimal amount of contact, and 98% of
patients are comfortable removing their own
perineural catheters [55]. Only 4% would have
liked a provider to remove his or her catheter,
while 43% would have been satisfied with only
written instructions and no person-to-person con-
tact [55]. This may be a specific patient population
but represents one collected opinion from one
institution. Regardless, those patients who have
received an ambulatory CPNB or a prolonged
nerve block should be discharged with a care-
taker (e.g., friend or family member) and a plan
for postoperative care.

Patients who have received an ambulatory
CPNB should receive specific written instruc-
tions for their portable infusion device as well
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as provide a demonstration of the device func-
tion for the patient preoperatively. Written
instructions should include expected CPNB
issues (e.g., leakage and breakthrough pain)
and contact information for a healthcare pro-
vider who will be available 24 h a day, 7 days a
week. The patient should be followed on a daily
basis until CPNB catheter removal, and each
contact should be documented on a designated
form [56].

Similarly, patients who had a single-injec-
tion peripheral nerve block with a long-acting
local anesthetic in the ambulatory setting
should only be discharged home after thorough
education on the potential risks associated with
a numb, insensate extremity. When patients
lack pain sensation in a limb, they could easily
physically injure it by inadvertently hitting or
burning it. Placing a numb arm or leg in an
awkward position can result in stretch or com-
pression injury of a peripheral nerve or plexus.
Patients who had blocks of the upper extremity
should be discharged home with a protective
sling. Patient who had femoral nerve blocks,
for example, are of special concern since then
can develop persistent quadriceps weakness
leading to falls. These patients should receive
written and verbal instructions not to bear
weight on the affected extremity. When ready
for discharge, they should be sent home with a
knee immobilizer and crutches. Finally, all
patients who undergo single-injection periph-
eral nerve blockade with long-acting local
anesthetics in the ambulatory setting should
receive a follow-up phone call the next day to
assess for block resolution, adequacy of pain
relief, and overall satisfaction with postopera-
tive recovery.

For inpatients, a designated acute pain service
provider or the anesthesiologist who performed
the procedure should perform regular follow-up.
Managing regional anesthesia patients, espe-
cially those with perineural catheters, is a team
effort. A comprehensive clinical care team
involving nurses, physical therapists, pharma-
cists, surgeons, and anesthesiologists can result
in measurable patient benefits on a much broader
scale [40].

A Guide to Team Building: Nursing
Considerations in Regional
Anesthesia

When it comes to developing positive physician—
nurse interactions, an understanding of the basic
tenets of modern nursing training is required.
These are collaboration, approachability, auton-
omy, and education.

Collaboration fosters open communication
with the staff [57] and prevents you, the physi-
cian, from feeling frustrated when managing
nerve blocks and epidural catheters outside of the
operating room. Collaboration with nursing man-
agement and education to appoint at least one
nurse for each unit, covering all shifts, to be a
regional-specific educator who can function as a
resource to his or her fellow nurses can be a very
useful aspect of care for the perioperative regional
anesthesia patient. You can educate these
appointed nurses initially with the information
you feel is important (e.g., functional anatomy
and physiology of nerve blockade, expected
effects, and untoward side effects), and they can
continue this education into their unit. This will
build the bridge you need for open communica-
tion, avoidance of unnecessary pages, and mutual
respect among team members. If a local resource
can answer the questions for which you most
commonly receive calls (e.g., catheter leakage
and pain not covered by the block), it will be eas-
ier for everyone involved and lead to faster inter-
vention for the patient when necessary.

Approachability. Make yourself approachable
and allow nurses to put a face to your name.
When performing inpatient rounds, talk to the
nurses and develop a professional relationship.
Make sure the nurses know that you want them to
call you about your patients and why they should.
Remember that nurses are at the patient’s bedside
24 h a day, 7 days a week and are responsible for
everything that happens to their patients. The two
most common reasons that nurses call a physi-
cian are as follows: (1) they are familiar with the
situation and suspect that something is wrong, or
(2) they are faced with a new situation beyond
their comfort level and are requesting guidance.
Nurses expect that the physician is there to help
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the patient and act as a guide when they are faced
with unfamiliar clinical scenarios. Although
there are times when contact may be inconve-
nient, it is important to respect the assessment of
the nurse and discover the solution for the issue
together. Later, you can address any underlying
issues regarding education, so the nurses may
become more confident in managing regional
anesthesia patients in the future.

Autonomy defines modern-day nursing. Recent
nursing graduates are not part of the generation
that simply followed orders. Finding a way to
approach new ideas with nursing that allows for
empowerment and self-sufficiency will avoid
pushback and encourage more forward progress.
Let the nursing staff determine their own educa-
tional goals. For example, find out from the nurses
how much they want to know about regional
anesthesia procedures, patient management, and
technology. Remember that simply demanding
something never works. This is the best way to
generate resistance from nursing.

Lastly, education is what ties the above con-
cepts together. Education is the key to improving
nurse—physician relationships, especially when
implementing regional anesthesia into nursing
practice [57]. Modern-day nursing thrives on
autonomy, and in order to prevent resistance from
the nursing staff, one must educate a nurse col-
league to become most efficient and productive
when providing care for the patient with nerve
blocks and continuous catheters. Highlight the
benefits of regional anesthesia in reducing nurs-
ing interventions [58]. Undoubtedly, the educa-
tional process will likely start with you, the
physician, and then trickle down to nursing-
specific education with dedicated nurse educa-
tors. Many hospitals throughout the nation
already have pain resource nurses on individual
units, and these nurses may be the ideal liaisons
for you when disseminating regional anesthesia
education.

Conclusion

Regional anesthesia techniques provide supe-
rior analgesia and can reduce the incidence of
common side effects associated with postop-
erative recovery. However, an effective

regional anesthesia product must offer benefits
to all customers involved. For anesthesiolo-
gists starting a new regional anesthesia ser-
vice, a hands-on approach is recommended to
ensure the highest-quality patient care and
strengthen relationships with surgeons and
administrators. Emerging technology for
ultrasound guidance in regional anesthesia
and perineural catheter insertion has created a
need for specialized training in these tech-
niques. In addition to proper training, a suc-
cessful regional anesthesia service requires a
team effort and necessitates effective
communication.

Acknowledgment The authors wish to thank Edward
R. Mariano and Karley J. Mariano for their significant
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Review Questions

1. Regarding the ways regional anesthesia pro-
vides “value” to an institution, all are true
except:

(a) Improving patient satisfaction with pain
control and postoperative recovery

(b) Creating a competitive edge versus other
anesthesia groups and surgery centers

(c) Reducing perioperative costs by decreas-
ing the acuity of patients recovering
from surgery and ensuring same-day
discharge

(d) Immediately generating new revenue

2. The cause of prolonged post anesthesia
recovery is:

(a) Postoperative nausea and vomiting
(b) Acute postoperative pain

(c) Multifactorial

(d) Acute chronic pain

3. According to the study by Macario and col-
leagues, which side effect from anesthesia do
patients most prefer to avoid?

(a) Vomiting

(b) Nausea

(¢) Pain

(d) Gagging on the endotracheal tube
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4. When considering regional anesthesia “cus-

tomers,” which of the following groups is
most important?

(a) Patients

(b) Hospital administrators

(c) Surgeons

(d) Anesthesiology colleagues

. Cost savings in the postoperative period

attributable to regional anesthesia may result

from all of the following except:

(a) Reducing PACU length of stay

(b) Avoiding unplanned hospitalization

(c) Decreasing the patient to nurse ratio in
PACU for bypass-eligible patients

(d) Minimizing the need for pharmacologic
interventions by PACU nurses

. When designing the analgesic pathway for

patients undergoing total knee arthroplasty,

which of the following is false?

(a) Intravenous patient-controlled opioid
analgesia is typically administered on an
inpatient basis.

(b) Continuous nerve blocks may be man-
aged effectively on an outpatient basis.

(c) Epidural analgesia with local anesthetic
solutions is most commonly maintained
in the hospital setting.

(d) None of the above.

. Effectively billing for regional anesthesia

procedures indicated for postoperative pain

should involve which of the following?

(a) Appropriate CPT coding.

(b) Using a separate procedure note.

(c) Including the distinct procedure
modifier.

(d) All of the above.

. In a care team anesthesia delivery model,

regional anesthesia may operate in the most

efficient manner when:

(a) Anesthesiologists are not familiar with
regional anesthesia techniques

(b) Equipment required for regional anes-
thesia is not centralized

(c) Patients eligible for regional anesthesia
are processed in “parallel”

(d) Patients first learn about regional anes-
thesia on the day of surgery

9.

10.

11.

12.

13.

14.

When managing continuous nerve block
catheters at home, which of the following is
true?

(a) Patients require a home nurse.

(b) Patients must return to the hospital for
catheter removal.

(c) Patients should be called at home three
times a day.

(d) Patients should receive clear written and
verbal instructions as well as contact
information for a healthcare provider.

The clinical care team involved with manag-

ing patients with continuous regional anes-

thesia catheters should include:

(a) Nursing

(b) Pharmacists

(c) Anesthesiologists

(d) All of the above

Developing positive physician—nurse inter-

actions when implementing a regional anes-

thesia program requires knowledge of all of
the following except:

(a) Collaboration

(b) Assertiveness

(c) Autonomy

(d) Education

An nursing education program for regional

anesthesia should include a discussion of:

(a) Functional anatomy and physiology of
nerve blockade

(b) Expected effects of local anesthetics

(c) Anticipated areas of pain not covered by
blocks

(d) All of the above

Nurses are most likely to call a physician

about a regional anesthesia patient when:

(a) They are familiar with the situation and
suspect that something is wrong

(b) They are bored

(c) They are faced with a new situation
beyond their comfort level and request
guidance

(d) (a) and (b)

Implementing a new regional anesthesia ser-

vice requires all of the following except:

(a) A master’s degree in business adminis-
tration (X)
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15.

16.

17.

18.

(b) Specialized
anesthesia

(¢) Teamwork

(d) Effective communication

A “block room” requires all of the following

except:

(a) Oxygen source

(b) Anesthesia machine (x)

(¢) Standard ASA monitors

(d) Regional anesthesia supplies

Ambulatory patients discharged home after a

single-injection peripheral nerve block with

a long-acting local anesthetic:

(a) Have reliable resolution of sensory and
motor blockade within 12 h of block
placement

(b) Should receive a follow-up phone call
the next week to assess for block resolu-
tion, adequacy of pain relief, and overall
satisfaction with postoperative recovery

(c) Should be discharged with a protective
sling if they had an upper extremity
block

(d) Should be discharged home with a knee
immobilizer if they had an adductor
canal block

All of the following need to be completed

prior to peripheral nerve block placement

except:

(a) Patient attends informational session
prior to day of surgery that includes an
introduction to regional anesthesia tech-
niques employed.

(b) Surgical consent and block consent
signed by patient.

(c) Anesthesia assessment completed.

(d) Extremity to be blocked is marked by
both surgeon and anesthesiologist.

New CPT codes for TAP blocks introduced

in 2016:

(a) Delineate between single injection and
continuous infusion and unilateral or
bilateral procedures

(b) Include ultrasound imaging guidance

(c) Can be used to bill for rectus sheath
blocks

(d) All of the above

training in  regional

19. Specialty training in regional anesthesiology
techniques can be obtained:
(a) During residency
(b) By completing a Regional
Anesthesiology and  Acute Pain
Fellowship
(c) By taking continuing medical education
courses dedicated to regional anesthesia
(d) All of the above
20. Staffing a new regional anesthesia service
includes training or hiring:
(a) Anesthesiology physicians trained in
regional techniques
(b) Midlevel providers to assist with periop-
erative care and follow-ups
(c) A separate billing specialist
(d) (a) and (b)
Answers:
1.d
2. ¢
3. a
4. a
5. ¢
6. d
7. d
8. ¢
9.d
10. d
11. b
12. d
13. d
14. a
15. b
16. ¢
17. a
18. d
19. d
20. d
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Clinical Vignette

A 65-year-old male with a history of insulin-
requiring diabetes mellitus and gastroesophageal
reflux disease (GERD) presents for left total knee
arthroplasty. The patient states that he had the same
surgery on the right side 7 years prior, for which he
received general anesthesia with an epidural for
postoperative analgesia. The surgery time was
2.5 h, due to delayed emergence from general anes-
thesia. His postoperative hospital course lasted
3 days, which was complicated by postoperative
nausea and vomiting (PONV). Upon discharge, the
patient was discharged on oral oxycodone.

On this admission, you discuss the new proto-
col for Enhanced Recovery After Surgery (ERAS)
that your hospital surgery center has instituted.
Given the painful nature of total knee replace-
ment surgery, you explain to the patient that the
new protocol has been designed with a multi-
modal analgesic approach that will also help
maximize early ambulation through physical
therapy sessions and allow for discharge within
1-2 days. After reviewing the patient’s medical
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history, you explain the anesthetic will consist of
a spinal anesthetic with an adductor canal block.
Utilizing spinal anesthesia will help minimize
the PONV the patient experienced last time, and
an adductor canal block will help with pain con-
trol as well as spare motor function in the left leg
postoperatively. The patient states that he had a
relative who had surgery and asked about “going
home with device that provides pain control.” You
explain that there is a possibility to insert a cath-
eter adjacent to the nerve sheath. This approach
will provide continuous local anesthesia and
analgesia for up to 72 h via an ON-Q pump that a
patient can remove at home; however this service
has not yet been set up at your surgical center.
You proceed to explain the anesthetic to the
patient and the details of the nerve block which
will be performed by the acute pain team (dedi-
cated nerve block anesthesiologist and an assis-
tant). This block will be done in a dedicated block
room that has an ultrasound and all the requisite
supplies, in close proximity to the operating room.
Prior to going to surgery, the patient takes
celecoxib and pregabalin, which is part of the
multimodal analgesic regimen in the protocol.
The patient proceeds to surgery. The surgery
takes 1 h and 35 min to complete and does not
have the increased time from the delayed emer-
gence that occurred with the prior operation. The
patient is able to bypass Phase I of PACU due to
minimal sedation utilized during the surgery and
the absence of nausea and vomiting. Postoperative
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day one the patient is discharged to rehab after
beginning his physical therapy and functioning
with less pain than with his prior surgery.

Increasing Cost of Healthcare
Economics

Healthcare costs have increased, with 17.8% of
the gross domestic product (GDP) spent on
healthcare costs and projected to be 19.3% by
2019, leading to heightened scrutiny, in an effort
to balance safe and efficient care [ 1-3]. Therefore,
interest in the economic assessment of healthcare
processes and treatments with a precise under-
standing of which direct and indirect costs influ-
ence these processes will be important in the
evaluation of healthcare economics.

As a result of this focused emphasis on cost
containment, a shift has occurred in operative
care of patients from what were once surgeries
requiring inpatient admissions to now outpatient
surgeries. This demand for increased efficiency
and shorter hospital stays has magnified the role
of anesthesiologists and their management of
postoperative analgesia [4].

With a rapidly aging population and a higher
level of morbidity exists, certain perioperative
patients will require anesthetics that reduce the
potential deleterious impact of agents on their
cardiac and respiratory function. In addition, the
increase in the number of obese patients has also
posed challenges in the perioperative manage-
ment of these patients. Without careful concern
about the unique concerns of patients with
comorbidities, healthcare costs may be increased
in the postoperative phase of care. Diligent strati-
fication and formalized protocols, however, serve
to decrease the overall costs of readmission rates
for pain, infection, or exacerbation of their
comorbidities.

To that effect, the Enhanced Recovery After
Surgery (ERAS) protocols have attracted impor-
tance as a way of providing value while decreas-
ing complications, leading to a safer and
cost-effective manner for patients undergoing
surgery [5, 6]. ERAS has been utilized for
patients undergoing colorectal, gynecologic sur-

gery, and other surgical indications. As part of a
collaborative care improvement model, ERAS
programs have the potential to promote cost sav-
ings by leading shorter hospital stays as com-
pared to non-pathway care. Investigation of
patient factors leading to prolonged hospital stay
after surgery has been evaluated [7]. In fact, the
Triple Aim Framework from the Institute of
Healthcare Improvement (IHI) highlights (a)
improving population health, (b) improving
patient experience, and (c) lowering per capita
costs, as a goal that healthcare providers should
embrace for the future of healthcare [8]. The pro-
totype partners participating in the Triple Aim in
the United States is available online and along
with the associated measures/information [9].
These multidisciplinary protocols highlight
anesthesiologists as key leaders in the periopera-
tive arena. Anesthesiologists are uniquely poised
to provide care preoperatively, intraoperatively,
and when applicable postoperatively along the
spectrum of a patient’s surgical experience.

The Role of Anesthesiologist
in Combating Costs

The cost for surgical care accounts for approxi-
mately 52% of hospital expenses in the United
States [10]. Historically, surgeons served as the
perioperative leader of the care team; however
with increasing demands for intraoperative pro-
ductivity, this role has shifted [11]. While hospi-
talists will help co-manage patients from a
medical perspective, anesthesiologists have
emerged as the preferred perioperative consul-
tants because of their understanding of preopera-
tive comorbidities, intraoperative management
strategies, and postoperative pain management
skills. The anesthesiologist therefore has a key
role in standardization of care and demonstrating
value with intervention choices in accordance
with available financial capital. In evaluating
healthcare economics, anesthesiologists play a
central role in opportunity costs with the efficient
use of limited resources in the future [12].

The anesthesiologist leads in evaluating cost
minimization, cost-effectiveness, cost utility, and
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cost benefit for technologies. Core processes in
cost analysis must be considered by key decision-
makers [12]. Cost minimization involves evaluat-
ing two alternative approaches in a process to
reach an endpoint. This model strictly evaluates
cost differential. Cost-effectiveness involves eval-
uating two alternatives, assessing their endpoints,
and comparing the costs of achieving the differ-
ing endpoints. Cost utility allows for multiple
outcomes (risks and benefits) combined into one
measure. Cost-benefit evaluation analysis takes
outcomes and translates them into financial out-
comes, represented as dollar equivalents. As
health entities design protocols for patient care,
this will be met via the ERAS programs and also
through the postsurgical home (PSH), distinct
entities. Regardless of the platform, however,
cost containment coupled with safe care is the
common goal of protocol-driven patient manage-
ment programs.

In evaluating the costs related to the anes-
thetic care of the patient, many factors are
involved including the practice region, patient
population, type of surgical procedure, and abil-
ity to have home-based acute care, along with
fixed and variable costs [13]. The decision to
offer a service should undergo a rigorous evalu-
ation based on the resource availability, the
resource cost, and the benefit potential and actu-
ally realized. Anesthesiologists play a key role
in process evaluation for patient flow in the
perioperative arena.

Despite the benefits from a patient satisfac-
tion perspective and lower potential financial
cost to regional anesthesia, there is perception
among surgeons that the delivery of preoperative
regional anesthesia slows down surgery times,
leading to delays in the perioperative process
[14]. In an evaluation done by Stahl et al., an
“Operating Room of the Future” (ORF) was
designed as a way to streamline and facilitate
smooth transition between the preoperative,
intraoperative, and postoperative phases [15].
They found that perioperative improvements
other than trying to facilitate a faster operating
time, actually, were the activities that led to
greater cost containment. These adaptations are
referring to activities that can be done in parallel

with another simultaneous surgery (i.e., placing
a peripheral nerve block in a patient in the preop
area prior to surgery). On the other hand, Eappen
et al. showed that despite surgeon perception,
the anesthesia-controlled time (refer to para-
graph below) was not improved with a separate
regional anesthesia team, especially in the set-
ting of longer operations with prolonged turn-
over times [16]. This study suggested exploring
other areas as a source of potential delay as
opposed to the preoperative block placement.

During the anesthesiologist’s role of the
patient in the perioperative setting, certain time
concepts are important to consider, namely,
anesthesia-controlled time (ACT) and turnover
time. ACT refers to the time of operating room
entry until the sterile prep and positioning of the
patient. The time is then paused while the surgi-
cal intervention takes place. ACT then continues
from the end of surgery until patient exit from the
operating room. Turnover time (TOT) reflects the
time from the patient leaving the operating room
to the subsequent patient is brought into the oper-
ating room for the next procedure. Providing a
regional anesthetic consecutively results in lower
ACT time, lowest sum of ACT plus TOT times,
and reduced unplanned hospital admissions most
often related to pain and PONV [17].

Cost reduction and anesthetic choices are cru-
cial factors demonstrating the strengths of
regional anesthesia as a primary type of anes-
thetic when suitable. The choice of local anesthe-
sia was evaluated for cost-benefit purposes. An
observational case-control cost-minimization
study was used to compare chloroprocaine with
mepivacaine for outpatient popliteal block for
foot surgery [18]. One hundred patients were
given either 30 mL of 3% chloroprocaine or
30 mL 1.5% mepivacaine. The authors noted that
onset time to block and duration of block (sen-
sory and motor) was shorter with the use of chlo-
roprocaine. These differences translated into a
discharge time of 120 min earlier for the chloro-
procaine group. Patient satisfaction and block
efficacy were not impacted by the shorter-acting
agent. Integrating this data into regional anesthe-
sia protocols will be helpful to improve overall
efficiency and economics.
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Regional Anesthesia as a Way
of Improving Economics

The infusion of regional anesthesia (RA) practice
serves as a bona fide approach to combatting the
rising costs of healthcare delivery in the periop-
erative milieu. Postoperative pain management
has received considerable scrutiny from accredi-
tation entities and pain management societies not
only because of its’ impact on patient satisfaction
but also postoperative care [19]. Regional anes-
thesia can lead to fast-tracking of patients by
optimizing postoperative analgesia by an opioid-
sparing effect [20]. RA, compared to systemic
analgesia, presents global improvements via cost
savings as well as a reduction in opioid use and
comorbidities [21]. These benefits are echoed in
the orthopedic literature for anterior cruciate lig-
ament surgery and total knee arthroplasty (TKA),
allowing for decreased postoperative pain, mor-
phine consumption, and adverse effects [22, 23].

Regional techniques have been advocated as a
preferred approach due to the ability to decrease
certain postoperative complications including,
but not limited to, respiratory depression second-
ary to IV opioid use for pain control. A regional
anesthesia approach in the perioperative setting
has decreased the complications from general
anesthesia, leading to improved pain scores, less
PONY, earlier discharge, and less risk of hospital
readmission. Richman et al. published a meta-
analysis which confirmed the superiority of peri-
neural analgesia via continuous catheter over
opioid therapy for visual analog scores, nausea/
vomiting, and pruritis [24].

In addition, the use of regional anesthesia
allows for avoidance of tracheal intubation and
positive pressure ventilation which may be less
ideal in certain patients, reduces sympathetic
activation and subsequent inflammation, and
decreases venous stasis and the risk of develop-
ing pulmonary embolism. One of the significant
sources of increased healthcare costs and
decreased patient benefit after any surgical proce-
dure is the persistence of debilitating pain along
with the presence of postoperative nausea and
vomiting (PONV). When effective analgesia as
provided by regional anesthesia techniques

occurs, concomitant antiemetic prophylaxis
results in rapid recovery of patients, and PACU
bypass, leading to a “fast-tracking” discharge of
patients [25]. All of these advantages lead to
long-term cost savings by reducing postoperative
complications which may lead to longer hospital
stays and increased medical expenses.

RA may also have a role in the fiscal health of
an anesthesia group practice. A meta-analysis
evaluated ten independent trials involving 330
patients undergoing general anesthesia and 348
patients undergoing neuraxial block and high-
lighted the salubrious nature of the neuraxial
technique. From a potential cost savings, neur-
axial block led to a quicker operating room time
by 7 min and 275 mL/case less blood loss [26].
Williams et al. showed that using regional anes-
thesia for ambulatory orthopedic surgeries con-
firmed process improvement, efficiency, and
benefit in recovery profiles [27].

While traditionally providing a powerful way
of reducing complications and effects of general
anesthesia in patients undergoing orthopedic sur-
gery procedures, the use of regional techniques
has also provided safe and efficient management
of patients undergoing visceral surgical proce-
dures. The transversus abdominis plane (TAP)
block serves to anesthetize the lower portion of
the abdomen from T10-L1. Blockade is effective
for abdominal and inguinal surgery. Catheters
have been placed to facilitate prolonged analge-
sia, allowing for outpatient discharge and recov-
ery [28]. In a randomized triple-blind trial
evaluating the efficacy of the TAP block after
total laparoscopic hysterectomy, patients with the
TAP block had a notable reduction in pain scores
compared with a placebo group initially; how-
ever the benefit was not present, and no differ-
ence was present between treated and placebo
patients at 24 and 48 h [29]. In a meta-analysis,
however, TAP blocks were shown to provide
improved postoperative pain, with an improve-
ment in outcomes and a decrease in postoperative
opioid consumption when administered in the
setting of laparoscopic surgery [30]. TAP block
has been used in the placement of peritoneal dial-
ysis catheters under monitored anesthesia care in
a case series [31]. Despite significant coexisting
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medical conditions including renal dysfunction
and cardiac and coagulation disorders, these
seven patients in this study were managed with
the TAP block along with supplemental analge-
sics. In this population, the use of RA to poten-
tially bypass Phase I recovery and to avoid the
prior mentioned concerns of GA serves as a boon
to patients and providers [31].

The popularization of perioperative care path-
ways to achieve early recovery after surgical pro-
cedures has been to shown to improve outcomes.
The development of ERAS and PROSPECT
(evidence-based, procedure-specific postopera-
tive pain management) has been designed initially
for colorectal surgery patients but has since been
expanded to many surgical specialties. Sammour
and colleagues published a cost analysis of ERAS
in colorectal surgery. Because of the reduction in
total hospital stay, intravenous fluid use, compli-
cations, and duration of epidural use in the ERAS
group, decreases in postoperative resource utiliza-
tion resulted in greater cost savings over the long
run in comparison with the cost of setting up and
maintaining an ERAS program [32]. Regional
anesthesia is bundled into the menu of options for
patients as part of the ERAS enhanced recovery
protocols (ERPs) and designed to standardize the
anesthetic and analgesic regimen [33]. Data pub-
lished has illustrated that regional anesthesia
directly improved outcomes and the ability to
achieve the goals of ERPs.

Regional anesthesia was noted to have a ben-
eficial impact on measures of function and on
economic outcomes, with noticeable improve-
ments in patient outcomes [34]. Given these ben-
efits, regional anesthesia has an important role in
ERPs and can serve to achieve the goals of the
Triple Aim, by improving pain and PONV and
decreasing length of stay [33].

How Regional Anesthesia Fosters Fast-Track
Elements/ERPs

Opioid-sparing effects/nausea and vomiting
Early oral feeding
Rapid patient mobility
Quicker recovery from general anesthesia
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Translating the seemingly salubrious benefit
of regional anesthesia for surgical patients to
financial benefits, that is, presenting a cost-
benefit analysis, requires a more complex evalua-
tion of all the factors leading to charges and costs
during the perioperative process. An observa-
tional nonrandomized study done by Williams
et al. combined hospital cost data with surgical
outcome data [35]. It was found that the use of
nerve blocks for ACL surgery reduced the PACU
admission rate to 18% and led to a decrease in the
unplanned hospital admission rate to 4%. This
bypass lead to a mean reduction in hospital cost
of $173 per patient. Furthermore, when the data
were analyzed with multifactorial regression
analysis, the effect of PACU bypass was to lower
hospital costs by 12% ($420 per patient). On the
converse side, patients who required hospital
admission after surgery were responsible for an
increased hospital cost of 11% (increase of $385
per patient). The additional effects on this
improvement in patient flow would be a reduc-
tion of nursing staff in the PACU, which would
theoretically lead to less nursing cost.

The advent of technology in regional anesthe-
sia has led to cost benefits. Another analysis, pre-
sented as a letter to the editor, reported a cost
analysis performed for equipment and supplies
for patients undergoing infraclavicular block for
upper extremity surgery [36]. Conventional nerve
stimulator was evaluated against ultrasound tech-
nique for differences in procedure costs and time
for procedure. The authors concluded that for
infraclavicular catheter placement, ultrasound
guidance led to faster blocks and shorter onset
time, yielding savings of $13.90 per case.

A prospective cohort study evaluated 120 con-
secutive patients to two groups receiving popli-
teal block with an elastomeric pump with
ropivacaine delivery as inpatients or outpatients
after foot surgery [37]. The day discharge group
had decreased total management costs as
compared to the inpatient group. This change
was due to a greater likelihood of PACU bypass.
This study also followed patients and evaluated a
cost analysis up to 6 months in terms of work lost
and found benefit with those patients able to be in
the day discharge group. The authors opine that
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the main cost-saving factors which attributed to
regional anesthesia include shorter ready-for-
surgery time, reduction in length of stay, and
recovery room bypass.

Choices by the perioperative physician are
also of key importance in patients undergoing
outpatient surgery. While patients may typically
undergo general anesthesia for outpatient proce-
dures, the use of regional anesthesia may pro-
vide a superior recovery as compared to general
anesthesia. Hadzic et al. performed a random-
ized study comparing patients receiving general
anesthesia and intra-articular injection of local
anesthetic to patients receiving lumbar plexus/
sciatic block in terms of operating room time,
PACU bypass, and time to actual discharge
home [38]. Patients receiving the blockade tech-
nique had a greater likelihood of PACU bypass
and a shorter time to discharge than those
patients undergoing general anesthesia, differ-
ences that would translate to a lesser cost of care
for patients.

The comparative costs between general and
regional anesthesia were compared in patients
undergoing arthroscopic shoulder surgery as
well, which showed an improvement in monetary
costs for the regional group of 8 euros, with lower
PACU costs and time [39]. It is no surprise that
anesthesia workflow also improved with a
regional approach. Time is saved on emergence,
leading to less operating costs.

In addition to the cost benefits that regional
anesthesia has for patients undergoing outpatient
surgery, operations traditionally requiring inpa-
tient admission have been shown to cost less with
regional anesthesia. In a study evaluating the fea-
sibility and the cost incurred for ambulatory vs.
admitted patients after total knee arthroplasty, the
ambulatory status of patients was facilitated with
benefit from continuous femoral nerve blocks
[40]. The ambulatory patients accrued 14% less
charges than those patients who were admitted;
the regional anesthetic was a significant factor in
the cost savings in these patients.

Comorbid factors are associated with the
development of surgical site infections that can
be directly modulated by regional techniques
[41]. Additionally, a retrospective propensity-

matched cohort study evaluating data from the
American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP)
database for patients undergoing total hip arthro-
plasty from 2007 to 2011 was used to evaluate
the benefits of regional techniques [42]. Logistic
regression analysis was used for correlating anes-
thetic approach and risk of length of stay in hos-
pitals, deep surgical site infections, mortality
rates at 30 days, and cardiopulmonary complica-
tions. 5103 surgical procedures out of 12,929
were performed with a regional technique. Odds
ratio analysis demonstrated that regional group
had lower adjusted odds for deep infections, 5%
decrease in hospital stay for patients with regional
anesthesia, 27% decrease in odds of having a pro-
longed hospitalization, and a decreased incidence
of cardiopulmonary complications.

Setting Up a Regional Service

As is evidenced by the power of the studies pre-
sented above, regional anesthesia leads to favor-
able costs during the healthcare delivery of
surgical patients. Aside from cost benefits,
enhanced patient satisfaction with analgesic
quality impacts favorably on patient care and the
overall hospital experience. As medical centers
have improved patient satisfaction scores and
better health outcomes, direct and indirect eco-
nomic impact results.

The perioperative physician practicing
regional anesthesia needs to take a careful and
precise evaluation of the tools and equipment of
the trade in order to effectively perform the tasks
at hand. Intraoperative anesthesia costs make up
approximately 6% of total costs in the periopera-
tive period. Half of these costs are based directly
on the choices of the anesthesiologist’s clinical
decisions [43]. Many factors may influence how
the anesthesiologist decides which anesthetic
technique would be best suited for their patient.
Factors influencing decision-making include
patient age, medical/surgical history, prior anes-
thetic history, scheduled surgery, and current
medications including pain medications and/or
anticoagulant therapies.



2 Economic Impact, Cost, and Reimbursement Issues

Considerations for Anesthetic Technique

* Age of patient

* Comorbidities (cardio/pulmonary sta-
tus, anticoagulation status)

* Medications (chronic pain medications,
blood-thinning medications)

e Surgical history (repeat/revision on an
extremity)

e Any current issues that may influence
the practitioner’s decision (localized
infection, high white blood cell count)

* Anesthetic complications in the past,
side effects from anesthesia, family his-
tory of anesthetic problems (history of
malignant hyperthermia may influence
decision to proceed with regional)

 Patient consent/anesthetic concerns

» Inpatient or outpatient surgery, expected
duration of hospitalization

The location of the perioperative setting (hos-
pital vs. outpatient) and type of practice (private
vs. academic) play an important role in determin-
ing whether the patient population will benefit
from such a service and whether the services will
result in overall cost containment while generat-
ing increased revenue.

A review by Swenson et al. highlights the
important considerations for the regional physi-
cian to entertain when presenting and formulat-
ing a regional practice to provide care in a safe,
efficient, and cost-conscious manner [44]. For
example, the use of ultrasound (US) guidance as
opposed to the most historic use of nerve stimula-
tion (NS) is highlighted and presented as allow-
ing for more successful blocks. While new
adopters of US therapy may not be as facile as
experienced sonographic anesthesiologists, the
combined use of US and NS may allow the pro-
vider to perform ultrasound for real-time visual-
ization of anatomy and medication deposition but
allow for the familiar crutch of NS.

The combination of US and NS has led to
needle redirects and slower block performance
times than just utilizing US. Additionally, the use
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of echogenic needles is not necessarily advocated
as a cost-saving tool despite this modification
allowing for better needle visualization during
encroachment into tissue. The use of specific
nerve-stimulating catheters as compared to con-
ventional catheters also does not appear to lead to
a cost-savings benefit. Stimulating catheters have
been described to lead to longer procedure times,
procedural discomfort, increased failure rates,
and iatrogenic injury. Newer technology may
also add improved image fidelity: Swenson and
colleagues found that magnetic-guided ultra-
sound improves positional needle accuracy when
compared to conventional ultrasound in both
novice and experienced practitioners [45]. This
enhanced imaging could play a role in efficiency
and overall quality of nerve blocks.

The infusion pump, typically delivering local
anesthetic and/or clonidine after surgery, is the
next technological tool that extends the operative
analgesia into the perioperative state in the hospi-
tal or as an outpatient. The choice of type of infu-
sion pump is an important consideration for
anesthesiologists to balance finances with func-
tion. Disposable infusion pumps and non-
disposable pumps are utilized in clinical practice.
These pumps are further classified and have cost
differences based on capability of infusions. For
example, pumps may provide for fixed basal
units to variable capable rate settings and also
bolus capable units. It will be important to factor
these decisions in deciding what tools will be
necessary to create a successful regional pro-
gram. Overall, the choice of supplies by regional
anesthesia providers should emphasize a favor-
able cost-benefit ratio.

In order to develop a successful regional pro-
gram, the customers of the anesthesiologist
(patients, surgeons, and administrators) must be
satisfied with the service and the results. While
first and foremost, regional anesthesia must be
safe and effective for the patient, perioperative
readiness must also be taken into consideration as
quickly as possible to enhance the flow of the
operating room environment.

In order to balance these seemingly opposing
demands, trained personnel proficient in regional
anesthesia and the use of US nerve blocks must
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lead the perioperative team for this service. The
use of a “block room,” where regional anesthesia
procedures can be performed prior to the intended
surgery, may serve to reduce ACT and allow for
expedient patient surgical preparation from an
anesthesia perspective [46]. The parallel work-
force may inherently operate in a smoother fash-
ion in academic settings where there are residents
or in private settings where there are teams of
anesthesiologists, nurse anesthetists, and anes-
thesia assistants working within their respective
scope of practice, with the anesthesiologist as the
leader of the team [47]. Additionally, the block
room enables a controlled environment where
equipment and dedicated supplies are readily
available.

Preparing premade kits can help with effi-
ciency, along with creating a cart in which all the
equipment necessary for procedures are located.
The mobility of this unit may allow for an easy
transport to the bedside in different service loca-
tions. In order to provide a safe environment,
resuscitative medication or a crash cart should
also be available per medical center/surgery cen-
ter policy.

Streamlining this perioperative regional anes-
thesia/analgesic process originates preopera-
tively when the patient initially decides to have
surgery. Surgeons would ideally introduce the
concept of a regional anesthesia for postoperative
analgesia. This initial communication sets the
table for the process from an established provider
who the patient has rapport with. Surgeon buy-in
to regional anesthesia allows for reducing anxiety
about a new procedure discussed with the patient,
at times, for the first time, on the day of surgery,
shortly before the patient presents to the operat-
ing room. The preoperative discussion taking
place much in advance of surgery allows for the
patient to understand the benefits of regional
anesthesia and to be mentally prepared for this
process. It is ideal for the regionalist to meet with
the patient to explain the procedure, risks, and
benefits, along with alternatives for the patient.
The key tenet to this discussion is clear commu-
nication between the patient and the periopera-

tive physician in a concise and comfortable
manner, allowing to empower the patient to be an
important part of the perioperative process and
not a passive participant in their choices for med-
ical care.

Billing and Coding for Regional
Anesthesia

The approach of the provider is to prepare a busi-
ness model keeping in mind the customers, inves-
tors, and suppliers [48]. With regard to customer,
both the patient and surgeon will need to be on
board with the idea of nerve blocks in order for a
successful regional program to operate.

It is important to take a hands-on approach to
billing in order to maximize the amount of reve-
nue generated for the hospital and the anesthesi-
ology group. There is significant variability in
reimbursement of regional anesthesia procedures
for postoperative pain management and even
between carriers within a certain region and
across different regions [49].

From a billing perspective, a bona fide sepa-
rate procedure note must be generated. Key
points must be present in order to facilitate
reimbursement success for claims. Detailed
information includes requesting surgeon, indi-
cation of procedure, site of procedure, and tech-
nique. A key point to highlight is the distinction
of block from the technique of anesthesia for the
surgery, that is, to differentiate between postop-
erative analgesia from intraoperative tech-
niques. For example, for a shoulder arthroscopic
procedure, the interscalene nerve block must be
clearly documented as for postoperative analge-
sia. The general anesthetic for the procedure
would be the primary anesthetic in the intraop-
erative phase of the patient’s care. From the
anesthesiologist’s perspective, unbundling of
the regional technique from the intraoperative
anesthetic is key for accurate and productive
billing and may improve denial rate [50]. An
additional way to highlight the distinction for
postoperative analgesia from intraoperative care
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is to have a separate team providing the block. If
a separate practitioner is not possible, then
ensure that the block is performed in a separate
location from the anesthetizing location [17].

It is of crucial importance to document the
number of locations that the regional anesthesiolo-
gist is performing. More than four sites categorize
the physician as supervising as opposed to medi-
cally directing, a redesignation that would lead to
decreased reimbursement for anesthesia services.
When evaluating billing for regional techniques, it
is important to document the type of anesthetic
technique for surgery. If the regional technique
will be the sole anesthetic, then the block will be
reimbursed as part of the global anesthetic fee; if
another form of anesthesia is the primary type
(general or neuraxial), then the nerve block should
be billed as charge modifiers to the anesthetic fee.
That is, these procedures are not billed by time
units but by units assigned to blocks.

It is important to have a basic understanding
of the costs, charges, and payments as they
pertain to regional anesthesia in the implemen-
tation and execution of a regional anesthesia
team [49]. Certain key concepts, while in col-
loquial use, are important to define, as financial
viability is explored. Cost is the capital to buy
resources to perform PNB, including salary of
those performing the block. Charges reflect the
hospital billing of the regional technique to the
patient, which is generally more than the actual
procedure costs. Payment is the amount of

Table 2.1 Anesthesia billing codes (CPT)

money received by the payer, which is usually
a percentage of the charge and is determined
by the payment schedule and payer mix. The
payment or reimbursement should exceed the
cost to maintain a fiscally efficacious practice
model and to demonstrate viability to key
stakeholders.

In order to maximize payments, familiarity
with CPT codes and their relative value is impor-
tant. CPT codes are utilized for submitting billing
based on target nerve and specific block per-
formed. Use modifiers like -59 to show that a
peripheral nerve block is a distinct service, inde-
pendent of other anesthetic services performed. If
a procedure is performed bilaterally, the -50
modifier is used. The -51 modifying code is uti-
lized for multiple blocks. Ultrasound guidance is
billed with a separate and CPT code 76942. To
appropriately use this code, the provider must
document needle placement and image interpre-
tation with a copy retained of the ultrasound
image that highlights relevant sonographic anat-
omy and spread of local anesthetic. Patients may
be continued with their peripheral nerve analge-
sic regimen with an infusion postoperatively,
continuous peripheral nerve blockade (CPNB).
This catheter system requires daily management
of the patient to ensure analgesia and to evaluate
for complications. E/M management codes are
utilized for the daily management. Commonly
used CPT codes and ICD-10 pain diagnosis codes
are listed in Tables 2.1 and 2.2 [51].

Type of block Single shot Catheter
Interscalene 64415 64416
Supraclavicular 64415 64416
Infraclavicular 64415 64416
Axillary 64417 64416
Femoral 64447 64448
Sciatic 64445 64446
Fascia iliaca 64447 64448
Lumbar plexus 64483 64449
TAP 64486/64488(bilateral) 64487/64489(bilateral)
Ultrasound guidance 76942
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Table 2.2 ICD-10 pain diagnosis codes

Shoulder M25.511 | Pain in the right shoulder

M25.512 | Pain in the left shoulder

M25.519 | Pain in an unspecified

shoulder
Upper arm/ | M25.521 | Pain in the right elbow
elbow M25.522 | Pain in the left elbow

M25.529 | Pain in an unspecified elbow
Forearm/ M25.531 | Pain in the right wrist

wrist M25.532 | Pain in the left wrist
M25.539 | Pain in an unspecified wrist
Hand M79.643 | Pain in an unspecified hand
M?79.646 | Pain in an unspecified
finger(s)

Hip/thigh M25.551 | Pain in the right hip
M25.552 | Pain in the left hip
M25.559 | Pain in an unspecified hip
Knee/leg M25.561 | Pain in the right knee
M25.562 | Pain in the left knee
M25.569 | Pain in an unspecified knee

Foot/ankle | M25.571 | Pain in the right ankle and
joints of the right foot
M25.572 | Pain in the left ankle and
joints of the left foot
M25.579 | Pain in an unspecified ankle
and joints of an unspecified
foot

Future Directions

Regional anesthesia techniques arm the anesthe-
siologists with tools to improve patient care and
to advocate for fiscally sound choices for health-
care administration. The value will need to be
demonstrated to key stakeholders in the health-
care paradigm. The perioperative home along
with ERAS and ERPs is the key future direction
for care of surgical patients. A way to directly
document the powerful role that regional anes-
thesia has in the promulgation of these pathway
is to compare ERPs that contain regional tech-
niques with those that do not have it. The docu-
mented cost savings for pain medications,
comparative incidence of PONV, and shorter
time to discharge would lead credence to incor-
porating regional anesthesia as beneficial from
value and cost-benefit purposes. These benefits
make anesthesiologists poised to be the leaders

of present and future patient care settings to pro-
vide the best possible value-driven care for
patients.

Review Questions

1. Economic evaluations allow for comparisons

of both costs and effects of an intervention.
Which of the following is not part of this eco-
nomic evaluation?
(a) Cost minimization
(b) Cost-effectiveness
(c) Cost value
(d) Cost benefit
(e) Cost utility

Answer: c¢) Cost value

Cost minimization involves evaluating two
alternative approaches in a process to reach an
endpoint. This model strictly evaluates cost
differential. Cost-effectiveness involves eval-
uating two alternatives, assessing their end-
points, and comparing the costs of achieving
the differing endpoints. Cost utility allows for
multiple outcomes (risks and benefits) com-
bined into one measure. Cost-benefit evalua-
tion analysis takes outcomes and translates
them into financial outcomes, represented as
dollar equivalents. Cost value is not a term
used in economic evaluation.

. A 57-year-old obese patient with a history of

OSA on CPAP is receiving an ultrasound guided
b/l TAP block for an abdominal hysterectomy in
order to minimize postoperative pain and the
need for IV narcotics given her obesity and
OSA history. Which of the following modifiers
would reflect that this procedure is being per-
formed bilaterally with the use of ultrasound?
(a) -59, 76942
(b) -50, 76942
(c) -49, 76940
(d) -59, 76942
(e) -50, 76940

Answer: b) -50, 76942

In order to maximize payments, familiarity
with CPT codes and their relative value is
important. CPT codes are utilized for submit-
ting billing based on target nerve and specific
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block performed. Use modifiers like -59 to

show that a peripheral nerve block is a distinct

service, independent of other anesthetic ser-

vices performed. If a procedure is performed

bilaterally the -50 modifier is used. The -51

modifying code is utilized for multiple blocks.

Ultrasound guidance is billed with a separate

and CPT code 76942.

. Which of the following has not been shown to

be a cost-effective benefit of performing a

regional anesthetic?

(a) Opioid-sparing effect

(b) Decreased PONV

(c) Earlier discharge to home

(d) Reduced parasympathetic activation

(e) Avoidance of general anesthesia in
patients with respiratory pathology

Answer: d) Reduced parasympathetic
activation

One of the significant sources of increased
healthcare costs and decreased patient benefit
after any surgical procedure is the persistence
of debilitating pain along with the presence of
postoperative nausea and vomiting (PONV).
A regional anesthesia approach in the periop-
erative setting has decreased the complica-
tions from general anesthesia, leading to
improved VAS scores, less PONV, decreased
IV opioid use leading to an opioid-sparing
effect, earlier discharge, and less risk of hospi-
tal readmission.

The stress response is in reference to the
hormonal and metabolic changes which follow
surgery. Regional anesthesia will prevent the
endocrine and metabolic responses to surgery
decreasing sympathetic activation. Both
afferent input from the operative site to the
central nervous system and the hypothalamic-
pituitary axis and efferent autonomic neuronal
pathways to the liver and adrenal medulla are
blocked with epidural analgesia.

. Which of the following has been shown to

reduce ACT time as it relates to performing a

regional anesthetic?

(a) Performing the time-out in the preop area

(b) Having an efficient janitorial staff in
between cases

(c) The use of a designated block room

(d) Decreasing surgical operating times
(e) Using a faster-acting local anesthetic

Answer: c¢) The use of a designated block
room

Efficient management of operating rooms
requires an understanding and analysis of the
times needed for all components of surgical care.
Two terms used when looking at anesthesia time
in the operating room include anesthesia-con-
trolled time (ACT) and turnover time (TOT).

TOT = time (min) from previous patient
out of the room to the next patient in the room

ACT = time (min) from surgical closure to
out of the room with previous patient + time
(min) from the next patient in the room to
anesthesia ready

The use of a “block room” where regional
anesthesia procedures can be performed prior
to the intended surgery may serve to reduce
ACT and allow for expedient patient surgical
preparation from an anesthesia perspective.
The parallel workforce may inherently oper-
ate in a smoother fashion in academic settings
where there are residents or in private settings
where there are teams of anesthesiologists,
nurse anesthetists, and anesthesia assistants
working within their respective scope of prac-
tice, with the anesthesiologist as the leader of
the team. Additionally, the block room enables
a controlled environment where equipment
and dedicated supplies are readily available.

Preparing premade kits can help with effi-
ciency, along with creating a cart in which all
the equipment necessary for procedures are
located. The mobility of this unit may allow
for an easy transport to the bedside in different
service locations. In order to provide a safe
environment, resuscitative medication or a
crash cart should also be available per medical
center/surgery center policy.
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Abbreviations
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History

As Carl Koller demonstrated the first ophthalmo-
logic surgical procedure using a local anesthetic in
1884, a new realm of possibilities in anesthesia
emerged [1]. It was not long before upper extrem-
ity anesthesia was described utilizing both axillary
and supraclavicular approaches to the brachial
plexus in 1911. It was during this time that the ear-
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liest form of regional anesthesia education took
place in the form of apprenticeships. Surgeons,
such as Harvey Cushing, blocked nerves under
direct vision during inhalational anesthesia, and
such practices influenced subsequent pioneers in
the field of regional anesthesia [2]. For instance,
prior to publishing his classic text, Regional
Anesthesia, Gaston Labat worked extensively in
Paris with his mentor, surgeon Victor Pauchet [3].
While in Paris, his demonstration of a technique to
provide full abdominal relaxation—without the
complications of deep ether anesthesia—impressed
observers such as Dr. Charles Mayo. Understanding
the potential contribution to surgical practice, Dr.
Mayo persuaded Labat to leave Paris for the Mayo
Clinic. After his tenure at the Mayo Clinic, Labat
would go on to become the first president of the
original American Society of Regional Anesthesia
(ASRA) in 1923. The teachings of Dr. Labat had
significant influence on the next generation of
anesthesiologists, including the creator of the mod-
ern specialty of anesthesiology, Emery Rovenstine
[4]. Thus, it is impossible to separate the birth of
anesthesiology as a specialty from the early work
of the first regional anesthesia educators.

Evolution of Practice
Despite the initial enthusiasm for regional anes-

thesia techniques, interest and practice have fluc-
tuated over the past century. This becomes
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evident in review of anesthesiology resident edu-
cation, which did not formally recognize a mini-
mum number of regional anesthetic blocks as a
requirement of training until 1996 [5]. It was at
this time that the Anesthesiology Residency
Review Committee (RRC) of the Accreditation
Council for Graduate Medical Education
(ACGME) addressed discrepancies in the
regional anesthesia experience of graduating res-
idents [6].

Multiple surveys have demonstrated how
regional anesthesia training experience has
evolved. For instance, training programs in 1980
reported the use of a regional anesthetic in 21.3%
of cases. However, the discrepancies between
training programs (2.8-55.7% of total delivered
anesthetics) led to concern that some residents
would not gain adequate experience to meet the
growing demand to provide regional anesthetics
[7]. When the popularity of epidural anesthesia
and resident exposure to pain consultations
expanded in the 1980s, survey data reflected the
shift. In 1990, the reported use of regional anes-
thetics increased to 29.8% [8]. Unfortunately,
wide variation in the use of regional anesthesia
between training programs remained unchanged.
The disparities in the number of regional anes-
thetics performed between residency training
programs improved over the course of the next
10 years; however, the overall use of regional
anesthesia by residents in the year 2000 appeared
to plateau at 30.2% [9]. Since then, it is unlikely
that the overall utilization of regional anesthesia
by resident training programs has increased
markedly. Consider 2006 data from a prominent
tertiary teaching hospital: even when selecting
for surgical procedures amenable to a regional
anesthetic, only 36.5% of such patients are pro-
vided regional anesthesia [10]. Since that data
was published in 2009, no new data has been
published to indicate that the rate of regional
anesthesia has grown outside of the obstetrical
population.

Asof July 1,2016, the latest ACGME Program
Requirements for Graduate Medical Education in
Anesthesiology stated that residents should be
exposed to 1 month of a regional analgesia expe-
rience rotation [5]. In addition, the stated mini-

mum regional anesthesia clinical experience that
should be obtained by each resident includes 40
epidurals, 40 spinals, and 40 peripheral nerve
blocks (PNB). In addition to these regional expe-
rience, resident education must include a mini-
mum of 1 month in an acute perioperative pain
management rotation as well as a 1-month rota-
tion for the assessment and treatment of inpa-
tients and outpatients with chronic pain [5].

Ifyou look at the Canadian Resident Curriculum
set forth by the Royal College of Physicians and
Surgeons of Canada, there is not a specific time
frame or number of blocks to determine if some-
one is proficient in regional anesthesia. Within the
4 years of anesthesiology rotations, 18 months
must be of adult anesthesiology which must
include general and regional anesthetic experi-
ences [11]. Furthermore, 1 month must be spent in
a chronic pain management setting. Outside of
rotation requirements, the National Curriculum
details that the “Anesthesiologist shall demon-
strate knowledge of the anatomy and physiology
of, and an approach to, regional anesthesia” [11].
Although this is quite vague, it goes into further
detail about specific requirements of pharmacol-
ogy, physiology, technology (ultrasound, nerve
stimulation, etc.), and clinical applications of
neuraxial and peripheral nerve blocks [11].

In the United States, a 1999 survey discovered
that 50% of graduating clinical anesthesia (CA)
year three residents, although confident in per-
forming neuraxial anesthesia, lacked adequate
experience with many commonly performed
peripheral nerve blocks [12]. A follow-up survey
of graduating residents in 2011 showed that the
number of PNBs performed during residency had
significantly increased over the prior decade.
However, although the study demonstrated that
91% of respondents met the ACGME criteria for
PNBs, deficiencies in confidence still exist [13].
It is hypothesized that as the ACGME does not
provide guidelines as to the specific types of
blocks, it is possible that a resident may meet the
requirement with one or two types of blocks and
feel quite confident in those but lack training in
other PNBs [13].

The question arises as to what is the best
method of improving resident proficiency of
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PNBs upon graduation. It has traditionally been
felt that as PNBs have a steep learning curve,
expanding resident exposure would be the most
critical factor in improving resident education
and confidence. This has resulted in many pro-
grams developing specific regional anesthesia
rotations. However, debate still exists as consid-
eration of the number of cases alone does not
necessarily reflect resident mastery of the
regional anesthetic technique.

The original concept of volume-based training
model for surgical training dates back to 1889
and for more than 100 years did not change as it
was expected that learners train under the direct
supervision of a senior attending until they
acquired enough “cases” to be competent [14].
Studies that address this topic also vary greatly in
methodology and lack standardization. Existing
studies do, however, provide insight into what
level of experience may be necessary to achieve a
specific endpoint of success. In one of the earliest
investigations of trainee “learning curves” in
regional anesthesia, Kopacz and colleagues dem-
onstrated that significant improvement in success
rate occurs after 20 spinal and 25 epidural anes-
thetics [15]. They also reported that a 90% suc-
cess rate was not achieved until after performing
45 spinals and 60 epidural anesthetics. In a sub-
sequent analysis of resident training at a Swiss
institution using a standardized self-evaluation
questionnaire, different results were demon-
strated. Although a rapid improvement of success

was also observed during the first 20 attempts, 71
attempts at spinal anesthesia were required to
reach a success rate of 90% [16]. The study
described epidural anesthesia as the most diffi-
cult task, with a success rate of only 80% after 90
attempts (Fig. 3.1). With the axillary approach to
brachial plexus blockade, only a 70% success
rate was achieved after 20 cases (Fig. 3.2). The
first assessment of the number of attempts neces-
sary for a resident to achieve proficiency in inter-
scalene anesthesia demonstrated that 87.5%
report “autonomous success” after 15 cases [17].
Of note, only 50% of residents were able to per-
form interscalene anesthesia autonomously after
seven to nine previous block attempts. These
studies, despite their limitations, suggest that the
current RRC requirement that mandates experi-
ence with 40 unspecified peripheral nerve blocks
is likely inadequate to ensure proficiency with
various specific peripheral nerve blocks.

With the continued addition of emerging tech-
nology, the application of ultrasound for regional
anesthesia (UGRA) is emerging as a standard of
care, and its use in experienced hands is known to
reduce complications and improve the overall
quality of the procedure [14]. Gaining expertise
in UGRA requires acquisition of new knowledge
and technical skills, including, but not limited to,
sonoanatomy, hand-eye coordination, and skills
in ultrasound scanning and needle insertion [14].
Without the appropriate development of these
skills, it has been shown that USGA of the bra-

o o =
o © O
!
1

e o ©o
o o N

Relative success (%)

© o o
nNow s

o O
o =

.

[P [ R —

_._,__..‘._.,..__
'
'
'
'
'
'
e mm ==y
'
'
'
'
'
'
el e m A = =
'
'
'
'
'

'
T R A
'

'

'

'

'

'

Fig.3.1 Learning
curve—epidural
anesthesia

30 40 50 60 70 80 90
No of performed procedures



C. M. Farlinger and J. C. Beathe

38

Fig.3.2 Learning
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chial plexus is not directly applicable to the safe
performance of interscalene blockade utilizing
the paresthesia technique in untrained hands.
Sites and colleagues, in a study characterizing
novice behavior associated with learning UGRA,
explore the entirely new set of skills involved in
UGRA [18]. By using video analyses of 520
nerve blocks performed by anesthesia residents, a
multitude of errors such as “needle not visualized
during advancement” were assessed. They

No of performed procedures

mError 1
B Error 2
OError 3
OError 4
M Error 5
M Error 6
mError 7

Blocks

70 80 90 100 101-110

observed that by the 60th block, the trainee was
still committing an average of 2.8 errors per pro-
cedure (Fig. 3.3). It is a reasonable hypothesis
that the necessary clinical exposure associated
with proficiency is related to not only the specific
peripheral nerve block but also to the method
used to accomplish the technique. Few studies
investigate the influence of ultrasound and related
imaging technology upon learning curves for
peripheral nerve blocks. Early data suggest,
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however, that residents inexperienced in UGRA
can rapidly master basic ultrasound skills in a
simulated interventional procedure [19]. Thus,
basic skill development common for all blocks,
including ultrasound transducers positioning,
ultrasound transducer orientation, as well as nee-
dle insertion, needle tracking, and needle tip
visualization, could be beneficial prior to clinical
exposure. This could be developed in junior years
of training via simulation and target models.

Overcoming Obstacles
and Expanding Practice

When attempting to improve the regional anes-
thesia exposure of residents, it is helpful to
understand the potential obstacles that exist to
expanding practice. As observed by Hanna and
colleagues in a prospective observational study
in 2009, a multitude of factors shape resident
experience in regional anesthesia [10]. In over
2000 cases amenable to a regional anesthetic, the
frequency and reasons for not performing such a
technique were investigated. Surprisingly, they
found that anesthesiology-related factors—not
the surgeon, patient, or medical reasons—were
the primary factors for not performing a regional
anesthetic. They also observed, predictably, that
designated regional anesthesia faculty performed
regional anesthesia more often (68% of cases). In
over 98% of the cases in which regional anesthe-
sia was not performed, despite being an appropri-
ate anesthetic selection, staff members not
designated as “regional anesthesia faculty” were
involved (Fig. 3.4). These findings support the
assertion that the process of increasing resident
exposure to regional anesthesia is facilitated by
the presence of dedicated, trained faculty. Even
with the addition of regional anesthesia experts to
faculty rosters, the specialty faces additional
challenges to improving the resident experience.
The apprenticeship model of education remains
the predominant teaching style in residency train-
ing programs, despite having significant limita-
tions. Problems with inconsistency in the quality
of learning experiences need to be addressed.
Additional challenges include the development

of improved methods of trainee evaluation and
expanding curriculum development to achieve
consistency in both technical and clinical achieve-
ment. To improve the environment for resident
exposure and mastery of regional anesthesia, cur-
riculum development has moved toward a com-
petency model utilizing developing resources to
foster knowledge and skill acquisition prior to
performing in the clinical environment.

Curriculum Development

As most physicians lack formal training in educa-
tion, the apprenticeship model of education
remains the predominant teaching style in
regional anesthesia. Unfortunately, progress in
education methodology has not kept pace with
the significant advances in medical technology
and standards of care. Recently, educators in
regional anesthesia have identified ways to
improve upon existing models of teaching. Initial
efforts to improve education have focused on
increasing the numbers of peripheral nerve
blocks performed by trainees. Martin and col-
leagues, outlining the use of a CA-3 resident in
the preoperative area to perform regional anes-
thesia techniques, have described such an educa-
tional model [20]. This relatively simple modality
significantly increased resident exposure to
regional anesthesia (Fig. 3.5). In support of these
findings, it has been demonstrated that residency
programs that include a specific peripheral nerve
block rotation expose their trainees to a greater
number of peripheral nerve block techniques
[21]. More recently, the focus of curricula has
expanded to complement traditional patient care
experiences with novel educational activities. In
their sentinel article, Smith and colleagues at the
Mayo Clinic have described in detail their institu-
tion’s approach to regional anesthesia education
[22]. As stated, the primary educational objectives
of their curriculum include (1) standardizing edu-
cational content, (2) quality care and patient
safety, and (3) resident evaluation and improve-
ment. Some highlights of this “learner-centered”
approach include a comprehensive “preclinical”
educational program for UGRA, a list of criteria
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General anesthetic
only

1462/2301 (63.5%)

Anesthesiology-
related
586/1462 (40%)

Surgeon-related
499/1462 (34%)

Medical
contraindication
203/1462 (14%)

Patient refusal
174/1462 (12%)

Not offered by RA
Faculty
11/586 (1.9%)

Not offered by GA
Faculty
575/586 (98.1%)

Fig. 3.4 When selecting for surgical procedures amena-
ble to a regional anesthetic, many patients still receive
general anesthesia (63.5%). This is primarily attributable

expected of residents during patient care, and
CA-2 or CA-3 residents functioning in the role of
a teacher of CA-1 residents during the 8-week
rotation in regional anesthesia. Placing a senior
resident in the role of educator is supported by
evidence of potential benefit to academic perfor-
mance and perceptions of clinical competency
[23]. Clinical expectations during the regional
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Anticoagulation
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Infectious
27/203 (13%)
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Neurological
18/203 (9%)
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Multiple traumas
35/203 (17%)

~ @@

Others

42/203 (21%)

(40%) to anesthesiology-related factors, such as a lack of
regional anesthesia experience. GA general anesthesiol-
ogy, RA regional anesthesiology

anesthesia rotation and the performance checklist
for UGRA proficiency are reproduced in Tables
3.1 and 3.2. Their work is a significant contribu-
tion to advancing the quality of regional anesthe-
sia training and can be adapted to accommodate
the needs of various institutions. However, work
is needed to demonstrate the validity of this
approach to improving resident education.
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Fig.3.5 An organized
regional anesthesia
rotation increases
resident exposure to
nerve blocks
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In a follow-up to this study, faculty from five
academic institutions jointly developed a pilot
project to demonstrate how anesthesiology pro-
gram could collaborate in the creation and shar-
ing of education resources in regional anesthesia
[24]. The goal of this was to develop an
“Anesthesia Toolbox” to improve preclinical
learning of regional procedures. Sample Toolbox
Curriculum Map for teaching regional anesthesia
across the CA years is available in their paper.

Additional challenges in curriculum develop-
ment were created with the introduction and
rapid evolution of UGRA. Questions surround-
ing the standards of care, assessment of compe-
tency, and definition of expert performance
naturally follow the emergence of new technol-
ogy. Efforts to define the scope of practice of
UGRA have been summarized by the ASRA and
the European Society of Regional Anaesthesia
and Pain Therapy (ESRA) Joint Committee
Recommendations for Education and Training in
UGRA [25]. This collaborative effort is an exam-
ple of the profession accepting responsibility for
self-regulation and practice improvement while
recommending that UGRA privileges be based at
the individual institution level. The stated goals
of the document are to (1) define and structure

Premodel

------ Postmodel

CA-2
Resident training year

the common tasks used when performing an
ultrasound-guided nerve block, (2) articulate the
core competencies and skill sets associated with
UGRA, (3) suggest a training process for both
established practitioners and residents, and (4)
recommend the establishment of a quality
improvement (QI) process for UGRA. The skill
sets that the ASRA-ESRA Joint Committee has
associated with proficiency are reproduced in
Table 3.3. The document provides an additional
framework to enhance existing UGRA curricula,
both for residency training and postgraduate
pathways. It also further establishes the represen-
tative tasks that define the practice of UGRA,
which aids the development of novel educational
tools such as simulator-based instruction.
Comparisons between the training of laparo-
scopic surgery and USGA have led to further
advancements in regional anesthesia training
which highlights the need for a specifically
designed curriculum where each skill has defined
stages and outcomes and where each stage must be
successfully completed in succession [26]. Based
on theories and models, a number of components
have been incorporated into separate phases of
training. Niazi et al. discuss the breakdown of
learned skills using interscalene plexus block as an
example [14]. This method of training breaks
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Table 3.1 Clinical expectations during the regional anes-
thesia rotation

Table 3.2 Performance checklist for ultrasound-guided
regional anesthesia proficiency

Preoperative care

Review patient history and relevant laboratory data

Complete a physical examination

e Appropriate preoperative neurologic evaluation

Develop an anesthetic plan with the patient

» Understand impact of comorbid conditions

 Select appropriate regional technique

¢ Discuss risks, benefits, and alternatives of anesthetic
options

Order preoperative analgesic medications

Discuss the patient with the attending anesthesiologist

Perform the appropriate regional procedure(s) under
direct supervision

Intraoperative care

Evaluate the block before surgical incision

Develop an approach to managing field blocks

* Block supplementation (if indicated or appropriate)

» Conversion to general anesthesia

* Appropriate use of supplemental opioids and
sedation

Postoperative care

Manage patient in the postanesthesia care unit

e Appropriately assess and manage pain

* Perform postoperative regional techniques (if
applicable)

e Manage acute postoperative issues (e.g., nausea and
vomiting, perineural catheters)

Participate in acute pain service rounds

» Evaluate the efficacy of the regional technique used

* Adjust postoperative analgesics as needed

* Monitor patients for potential complications
Data from [22]

down the learning of a procedure into knowledge,
skill, and clinical procedure. The knowledge com-
ponent, which includes specific anatomy, indica-
tions, and complications, can be done outside the
operating room through didactic lectures or
e-modules. The skill component can also be com-
pleted outside the OR through simulators, models,
or other high-fidelity models. After completion of
these steps, the trainee can then move to clinical
exposure. It has been shown through a number of
studies that preclinical simulation training allows
trainees to perform blocks faster with fewer mis-
takes and improved performance scores. To further
facilitate the development of a competency-based

Ultrasound-
guided regional
anesthesia

element Resident performance

Ultrasound
equipment

* Navigate to patient demographic
screen

 Select appropriate probe and
frequency for application

e Adjust depth, gain, and contrast
to optimize image

¢ Capture appropriate image for
medical record documentation

* Navigate to “End Exam” screen

» Store image for medical record
documentation

Scanning .
techniques and |«
sonoanatomy

Hold and orient probe correctly

Perform basic probe movements

» Use appropriate gel and probe
pressure while scanning

* Recognize basic image artifacts

 Distinguish the sonographic
appearance of the artery, vein,
bone, muscle, and nerve

¢ Identify the relevant
neuroanatomy for interscalene,
supraclavicular, infraclavicular,
and axillary brachial plexus
blockade

e Identify and trace upper
extremity peripheral nerves

« Identify the sciatic nerve within
the popliteal fossa

¢ Identify the tibial nerve above
the medial malleolus

Sonographic .
needle guidance

Demonstrate appropriate hand
positions for the probe and the
needle

¢ Demonstrate in-plane and
out-of-plane needle-to-probe
orientation

¢ Identify simulated phantom
target and needle insertion
location

* Adjust needle depth and
trajectory to approximate target

* Demonstrate basic techniques for
optimizing needle visualization

¢ Maintain needle and target
imaging >80% of the time during
simulation

* Advance needle only when
visualized

Data from [22]
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Table 3.3 Skill sets associated with proficiency

Understanding ultrasound image
generation and device operations

Image optimization
(non-device related)

Image interpretation

Needle insertion and injection

Understanding basic technical
principles of image generation

Learn the
importance of
transducer pressure

Identify nerves

Learn the in-plane technique,
maximizing needle
visualization

Selection of the appropriate Learn the Identify muscles and | Learn the out-of-plane
transducer importance of fascia technique

transducer

alignment
Selection of the appropriate Learn the Identify blood Learn the benefits and

depth and focus settings

importance of
transducer rotation

vessels, distinguish
artery from vein

limitations of both techniques

Understanding and appropriate
use of both time gain
compensation and overall gain

Learn the
importance of
transducer tilting

Identify bone and
pleura

Learn to recognize
intramuscular needle location

Understanding and application
of color Doppler

Identify common
acoustic artifacts

Learn to recognize correct and
incorrect local anesthetic spread

Archiving images

Identify common
anatomic artifacts
(pitfall errors)

Conduct proper ergonomics

Follow ASRA-ESRA
standardization for screen
orientation to the patient

Minimize unintentional
transducer movement Identify
intraneuronal needle location

Identify vascularity
associated with
needle trajectory

Data from [25]

learning environment, Woodworth et al. developed
a47-item multiple choice-style online test of ultra-
sound interpretation which can be used to assess
competency of milestones in the achievement of
regional anesthesia training [27].

Fellowship Training

Regional anesthesia practice is not unlike most
professions in that considerable time is required
to establish expert performance. Evidence also
exists that superior medical treatments are linked
to more extensive training and specialization in
associated medical fields [28]. As such, fellow-
ship training in regional anesthesia should be
considered a means to excel beyond basic com-
petencies and become an expert in the field.
Formal regional anesthesia fellowships emerged
in the early 1980s, and subspecialty training
offered by regional anesthesia fellowships has
grown substantially to include 71 institutions to
date (Table 3.4). This is an increase in 35 pro-
grams since the first edition of this chapter alone.

However, with the absence of uniform standards,
early programs did vary in duration, organiza-
tion, and objectives. It was not until October
2003, after collaboration with the directors of
several regional anesthesia fellowship programs,
that the first Guidelines for Regional Anesthesia
Fellowship Training were developed [29]. The
guidelines recommend the necessary compo-
nents of subspecialty fellowship training,
emphasizing the clinical foundation of regional
anesthesia, educational curricula, and opportu-
nity for academic achievement. This document
was reviewed in 2006, again in early 2009, and
the most recent publication is from 2014 (3rd
edition) [30]. Although they extend beyond clin-
ical considerations, an important goal of the pub-
lished guidelines is to provide a framework to
progress beyond basic proficiency and achieve
focused clinical expertise. With rapidly emerg-
ing technologies and new procedures, it becomes
more difficult for physicians to safely integrate
the latest regional anesthesia techniques into
their practice. As mentioned, evidence exists that
residency training alone is not adequate to
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Table 3.4 Regional anesthesia fellowship programs from the ASRA website

Program Location
Cedars-Sinai Medical Center Los Angeles, CA
Harbor-UCLA Torrance, CA

Keck School of Medicine, University of Southern California

Los Angeles, CA

Stanford University Medical Center

Stanford, CA

UCLA Department of Anesthesia and Perioperative Medicine

Los Angeles, CA

University of California at San Diego

San Diego, CA

University of California, Irvine Orange, CA
University of California, San Francisco San Francisco, CA
University of Colorado Denver School of Medicine Aurora, CO
Integrated Anesthesia Associates (IAA)/Hartford Hospital Hartford, CT

St. Francis Hospital and Medical Center Hartford, CT

Yale University School of Medicine New Haven, CT
Jackson Memorial Medical Center Miami, FL

Mayo Clinic — Mayo School of Graduate Medical Education

Jacksonville, FL.

The Andrews Institute for Orthopedics & Sports Medicine

Gulf Breeze, FL

University of Florida College of Medicine

Gainesville, FL

Emory University Hospital Atlanta, GA
McGaw Medical Center of Northwestern University Chicago, IL
University of Illinois at Chicago Chicago, IL

University of Iowa

Iowa City, IA

The University of Kansa Hospital

Kansas City, KS

Ochsner Medical Center

New Orleans, LA

Johns Hopkins University School of Medicine

Baltimore, MD

University of Maryland

Baltimore, MD

Boston Children’s Hospital Boston, MA
Brigham and Women’s Hospital Boston, MA
Massachusetts General Hospital Boston, MA

The University of Michigan

Ann Arbor, MI

Mayo Clinic — Mayo School of Graduate Medical Education

Rochester, MN

University of Minnesota

Minneapolis, MN

Washington University St. Louis, MO
Geisel School of Medicine at Dartmouth Lebanon, NH
University of New Mexico Albuquerque, NM
Columbia University/NYPH Medical Center Columbia University New York, NY
Hospital for Special Surgery New York, NY
Montefiore Medical Center/Albert Einstein College of Medicine Bronx, NY
Mount Sinai Medical Center, Mount Sinai School of Medicine New York, NY
Mount Sinai St. Luke’s Roosevelt Hospital New York, NY
NYU/Hospital for Joint Disease New York, NY
Weill Cornell Medical College/NYPH New York, NY
Westchester Medical Center/New York Medical College Valhalla, NY
Duke University Medical Center Durham, NC

University of North Carolina at Chapel Hill

Chapel Hill, NC

Wake Forest School of Medicine

Winston-Salem, NC

Cleveland Clinic

Cleveland, OH

Ohio State University Medical Center

Columbus, OH

(continued)
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Table 3.4 (continued)

Program

Location

Oregon Health & Science University

Portland, OR

Drexel University College of Medicine

Philadelphia, PA

Thomas Jefferson University

Philadelphia, PA

University of Pittsburgh

Pittsburgh, PA

Medical University of South Carolina

Charleston, SC

Vanderbilt University Medical Center

Nashville, TN

University of Texas Health Sciences Center at Houston

Houston, TX

University of Texas Southwestern Medical Center

Dallas, TX

University of Utah

Salt Lake City, UT

University of Virginia

Charlottesville, VA

University of Washington’s Department of Anesthesiology and Pain Medicine Seattle, WA
Virginia Mason Medical Center Seattle, WA
Medical College of Wisconsin Milwaukee, WI
University of Wisconsin Hospital and Clinics Madison, WI

United States Military Walter Reed National Military Medical Center

Bethesda, MD

Centre Hospitalier de I’Universite de Montreal

Montreal, QC

Dalhousie University Halifax, NS
McGill University Montreal, QC
Toronto Western Hospital Toronto, ON
University of Toronto — St. Michael’s Hospital Toronto, ON
Sunnybrook Health Sciences Center Toronto, ON
University of Ottawa Ottawa, ON

University of Alberta

Edmonton, AB

University of British Columbia

Vancouver, BC

achieve mastery in many regional anesthesia
techniques, particularly peripheral nerve block-
ade. This deficiency likely translates to fewer
acute pain management options for the patients
of our graduating residents. In this regard, addi-
tional fellowship training can broaden the pain
management strategies used by practitioners by
providing the necessary expertise. An additional
argument for fellowship training is to provide an
expansion upon the limited experience that resi-
dency “block room” regional anesthesia training
provides. The intraoperative portion of a regional
anesthetic is not to be underestimated, as myriad
challenges, complications, and emergencies
occur during this time. Fellowship training pro-
vides further experience to anticipate, recognize,
and appropriately treat the patient in a timely
fashion when such scenarios present themselves.
Over the course of a fellowship, trainees also
have the opportunity to achieve advanced expo-
sure to regional techniques on patients with sig-
nificant comorbidities such as morbid obesity,

severe scoliosis, ankylosing spondylitis, or sig-
nificant cardiopulmonary disease. Following
regional anesthesia fellowship, trainees are
empowered to apply regional anesthesia tech-
niques to clinical situations that are not tradition-
ally endorsed. For instance, with appropriate
execution and patient selection, neuraxial block-
ade can be a reasonable anesthetic option for hip
surgery in the setting of aortic stenosis [31]. In
order to ensure a safe outcome, advanced tech-
niques such as hypotensive epidural anesthesia
[32] also require a level of expertise that fellow-
ship training provides. Although clinical consid-
erations are arguably the foundation of
fellowship training, didactic components are not
of lesser value as well as the development of
future competency-based models including sim-
ulation. Particularly, as regional practice expands
in an era of regulatory oversight and evolving
rules and measures, it will be increasingly
important to inject our specialty with research
initiatives that further validate and justify our



46

C. M. Farlinger and J. C. Beathe

practice. Fellowship training is a platform that
can be increasingly utilized to meet this end by
providing important exposure to academic pur-
suits. With increasing interest and expansion of
regional anesthesia technique and practice, fel-
lowship training is an indispensable means to
provide valued experts in the field.

The Practicing Anesthesiologist

Although fellowship training provides the defini-
tive opportunity to achieve expertise in regional
anesthesia, it is not always practical for physi-
cians in the midst of their careers to dedicate a
full year to formal training. Advances in science
and technology have and will continue to chal-
lenge physicians in every discipline to stay cur-
rent with modern practice and procedures.
Parallels can be drawn between the practicing
anesthesiologist seeking to advance his/her
regional anesthesia skills and the experienced
surgeon who would like to introduce a modern
yet unfamiliar laparoscopic technique into his/
her practice [33]. Similar questions are raised
regarding the safety and efficacy of the new
modality and if specific minimal educational
requirements should be met [34]. Just as surgeons
are faced with the daunting responsibility of
ensuring the safe introduction of new procedures
into practice, expert regional anesthesiologists
must also adequately provide the educational
opportunities required of lifelong learning and
the development of new technical skills. This
may take the form of the fellowship graduate
arriving to a practice unfamiliar with UGRA,
providing new skills and information to other-
wise more experienced physicians. As fellowship
graduates alone cannot meet this educational
demand, a multitude of opportunities have devel-
oped to provide regional anesthesia exposure to
the practicing anesthesiologist (Table 3.5).
Although such opportunities provide a valuable
service, extensive work remains to adequately
define and assess competency in regional anes-
thesia. As we already know, limited training is
associated with higher complication rates.
Consider laparoscopic surgical data, in which the

Table 3.5 Regional anesthesia continuing education
programs

Annual ASA Meeting

Annual Spring ASRA Meeting (focused on regional
anesthesia)

Annual Fall ASRA Meeting (focused on pain
medicine)

ASRA Excellence in Regional Anesthesia Workshops
Regional Workshops

Northwestern University’s Feinberg Pavilion —
Chicago, Illinois

Duke University — Durham, North Carolina

ASRA Ultrasound for Pain Medicine Workshops —
Regional Locations: Rush University Medical Center,
The Cleveland Clinic

Annual International Anesthesia Research Society
Meeting

Annual HSS Regional Anesthesia Symposium —
“Controversies and Fundamentals in Regional
Anesthesia”

Annual NYSORA Meetings in Asia, Europe, and
America

Annual International Anesthesia Research Society
Meeting

Ultrasound for Regional Anesthesia (ISURA) 2010,
Toronto, Canada

Ultrasound-Guided Regional Anesthesia
Preceptorship, Duke University Medical Center,
Durham, NC

Ultrasound-Guided Regional Anesthesia and Vascular

Access, Northwest Anesthesia Seminars, various
locations

Carolina Refresher Lectures: Care of the Surgical
Patient 2010, Kiawah, SC

Dannemiller Anesthesiology Review Course 2010,
Chicago, IL

“In Celebration of Patient Safety” Florida Society of
Anesthesiologists (FSA) 2010 Annual Meeting, Palm
Beach, FL

Ninth Biannual Hands on Ultrasound-Guided
Regional Anesthesia Workshop, Houston, TX
Hawaii Anesthesiology Update 2010, Maui, HI
Texas Society of Anesthesiologists 2010 Annual
Meeting, San Antonio, TX

First International Congress of Regional Anesthesia
and Pain Interventions

Fourth Annual Regional Anesthesia in Children
Conference, Seattle, WA

Anaesthesia in the Office-Based Setting, Boston, MA
Anesthesia Camp Laguna Beach, Laguna Beach, CA

Ontario Anesthesia Meeting, Toronto, Canada

Regional Anesthesia Study Center of ITowa (RASCI)
Workshop, lIowa City, IA

(continued)
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Table 3.5 (continued)

Introductory Ultrasound Workshop, Toronto, Canada

Advances in Physiology and Pharmacology in
Anesthesia and Critical Care, White Sulphur Springs,
WV

Illinois Society of Anesthesiologists Midwest
Anesthesiology Conference (MAC), Chicago, IL
21st Annual University of California — Davis
Anesthesiology Update, Monterey, CA

Pediatric Anesthesia Conference: New and
Challenging Cases, Austin, TX

Survey of Current Issues in Surgical Anesthesia,
Naples, FL

Advanced Ultrasound Workshop, Toronto, Canada
New York State Society of Anesthesiologists’ 64th
Postgraduate Assembly in Anesthesiology (PGA),
New York, NY

rate of complications associated with the clinical
learning curve can be decreased by additional
education [35]. Future efforts to accomplish the
difficult task of competency assessment will
allow us to further optimize patient safety in
regional anesthesia.

Review Questions

1. This physician helped teach the founder of the
modern specialty of anesthesiology and became
the first president of xthe original American
Society of Regional Anesthesia in 1923:

(a) Emery Rovenstine
(b) Gaston Labat

(¢) Victor Pauchet
(d) Carl Koller

2. Between the year 1980 and 2000, the
reported use of regional anesthetics by train-
ing programs increased by approximately
what percent?

(a) 5%
(b) 10%
(c) 15%
(d) 20%

3. Considering the use of regional anesthesia
(RA), wide discrepancies existed between
training  programs in  the  1980s.
Approximately what range of RA case per-
centages were observed between low RA

volume and high RA volume programs dur-
ing this time?

(a) <5-55%

(b) 10-60%

(c) 15-45%

(d) 2045%

. By the year 2000, the overall use of regional

anesthesia techniques by residents in train-
ing increased to approximately what percent
of total case volume?

(a) 25%

(b) 30%

(©) 35%

(d) 40%

. As of July 1, 2016, the ACGME Program

Requirements for Graduate Medical Education
in Anesthesiology state the following minimum
number of epidural, spinal, and peripheral nerve
blocks to be performed by each resident:

(a) 40

(b) 50

(c) 60

(d) 80

. In the year 2011, approximately what per-

cent of graduating anesthesia residents met
the ACGME criteria for peripheral nerve
blocks?
(a) 75%
(b) 80%
(c) 85%
(d) 90%

. In early investigations of trainee “learning

curves” in regional anesthesia, approxi-
mately what range of experience level was
required to achieve a 90% success rate with
spinal anesthesia?

(a) 45-70 cases

(b) 40-55 cases

(c) 30-45 cases

(d) 50-60 cases

. After 60 ultrasound-guided nerve blocks

performed by trainees, what is the approxi-
mate average number of errors committed
per procedure?

(a) 1

(b) 3

(© 5

(d) 7
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9. Designated regional anesthesia faculty are regional blocks as a requirement of training
observed to select a regional anesthetic tech- until:
nique for approximately what percentage of (a) 1980
cases? (b) 1996
(a) 25% (c) 1976
(b) 50% (d) 1970
(c) 65%
(d) 30%
10. What has been observed to be the primary Answers:
reason for not performing a regional anes- 1. b
thetic in clinical settings amenable to sucha 2. b
technique? 3. a
(a) Surgeon preference 4. b
(b) Patient refusal 5. a
(c) Anesthesiology-related factors 6. d
(d) Medical contraindications 7. a
11. Significant improvement in success rates of 8. b
spinal anesthesia are observed after approxi- 9. ¢
mately what level of experience is achieved? 10. ¢
(a) 10 cases 11. ¢
(b) 15 cases 12. d
(c) 20 cases 13. ¢
(d) 25 cases 14. b
12. Significant improvement in success rates of 15. b
epidural anesthesia are observed after
approximately what level of experience is
achieved?
(@) 10 cases References
(b) 15 cases
(c) 20 cases 1. Koller C. On the use of cocaine for producing anaes-
(d) 25 cases thesia on the eye. Lancet. 1884;2:990-2.
13. After the experience of 90 cases is achieved, 2. Deschner B, Robards C, Somasundaram L, Harrops-
what is the approximate observed success Grifﬁ.ths W..The history of lqcal anesthesig. In:
. . Hadzic A, editor. Textbook of regional anesthesia and
rate of epidural anesthesia? pain management. New York: McGraw-Hill; 2007.
(a) 50% p. 15.
(b) 70% 3. Vachon CA, Bacon DR, Rose SH. Gaston Labat’s
(c) 80% regional anesthesia: the missing years. Anesth Analg.
(d) 94% 2008;107(4):1371-5.
4. Bacon DR. Gaston Labat, John Lundy, Emery
14. Comparisons between training in what sur- Rovenstine, and the Mayo Clinic: the spread of
gery has led to further advancements in regional anesthesia in America between the World
regional anesthesia training? Wars. J Clin Anesth. 2002;14(4):315—20.
5. ACGME Program Requirements for Graduate
(a) Shoulder arthroscopy Medical Education in Anesthesiology 2016.
(b) Laparoscopic surgery https://www.acgme.org/Portals/0/PFAssets/
(©) CyStOSCOpy ProgramRequirements/040_anesthesiology_2016.
(d) Video-assisted thoracic surgery pdf. ) ) -
15. The Accreditation Council for Graduate 6. McDonald S, Neal J. Teaching regional anesthesia. In:

Medical Education (ACGME) did not for-
mally recognize a minimum number of

Hadzic A, editor. Textbook of regional anesthesia and
acute pain management. New York: McGraw-Hill;
2007. p. 1174.
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Introduction

In years past, the prevailing approach to provid-
ing pain control was focused on identifying
underlying etiologies or pathologic syndromes,
e.g., low back pain, trigeminal neuralgia, and
cancer pain, that produce the pain. While treating
the presumed source of the pain, attempts to
improve the accompanying discomfort relied
largely on the use of non-opioid medications and
the limited use of opioid and adjuvant analgesics.
Over the past 25 years, however, there has been a
dramatic increase in our understanding of the
nervous system and how stimuli associated with
actual or potential tissue injury are transduced,
transmitted, modulated, perceived, and inter-
preted to form the basis for initiating appropriate
evasive or protective behavior, thereby avoiding
or limiting injury. Our current bank of knowledge
has led to the recognition that (1) pain in the
chronic state is in itself a disease deserving con-
sideration, assessment, and management; (2)
pain is not a single entity but a complex, multi-
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faceted experience that warrants detailed and
comprehensive evaluation to elucidate symptoms
that may reflect specific associated mechanisms
amenable to targeted treatment [1, 2]; and (3)
treatment modalities and management approaches
not heretofore considered can be effective and
can improve the quality of life for those suffering
with pain. This chapter will provide a brief over-
view of the anatomy of pain that forms the basis
for current practice.

Considerations of General
Organization

The somatosensory system provides the means
through which living organisms explore and
monitor the body’s external and internal environ-
ment in order to recognize changes that may be
beneficial and embraced or detrimental to sur-
vival and avoided.

The peripheral elements of the nervous system
are organized in a segmental fashion that is deter-
mined during the somatic stage of development
when the embryo more closely resembles phylo-
genetically earlier stages of evolution (Figs. 4.1
and 4.2). Neural crest cells that are destined to
become sensory neurons establish connections
with local tissues of the developing somatic and
lateral plate mesoderm and project centrally to
connect with elements of the central nervous sys-
tem close to the entry zone. At that stage of
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Fig. 4.1 Diagrams of
the dermatomal pattern
during early
development of the
pectoral limb bud at

5 weeks (a) and 6 weeks
(b) of gestation

Preaxial
side of limb

Postaxial
side of limb

Fig. 4.2 Diagram of the ordered segmental distribution
of peripheral afferents during an early stage of
development

development, the pattern is clear. Sensory neu-
rons from three levels are responsible for moni-
toring each region of the body to ensure

redundancy of coverage and the integrity of the
sensory monitoring system in the case of injury.
Although the segmental relationship between the
peripheral and central elements of the somato-
sensory nervous system remains and provides the
basis for an ordered radicular or dermatomal pat-
tern of innervation, the simple overlapping pat-
tern is modified during later stages of
development, resulting in a predictable increase
in complexity of the basic dermatomal pattern
(Fig. 4.3). The apparent change in distribution
occurs during the process of differential growth
and limb rotation through which the simple adult
dermatomal pattern that is evident in the trunk is
altered, leaving the inverted distribution of the
segments of the trigeminal nerve in the head
(Fig. 4.4), the autonomous regions of single root
innervation in the limbs (Figs. 4.5 and 4.6), and
the spiraling dermatomal pattern in the lower
extremities (Fig. 4.6).

Axons that travel in close proximity to each
other are packaged into nerve bundles that pro-
vide the conduits for neuronal traffic. Neurons
innervating somatic derivatives of several derma-
tomal levels are packaged together and course
through branches of spinal nerves that are distrib-
uted to the body wall and appendages (Figs. 4.7
and 4.8). The paths taken by neurons that inner-
vate derivatives of the lateral plate mesoderm are
less well defined in that they are variable and can
course along blood vessels through elements of
branches of the somatic nerves and through
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Fig. 4.3 Dermatomal distribution in the adult. FW. Anatomy of the Human Body. Philadelphia:
Overlapping distribution of segments is indicated for the  J.B. Lippincott Company; 1972)
trunk (adapted from Lockhart RD, Hamilton GF, Fyfe
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Fig. 4.4 Distribution of
sensory nerves to the
head (adapted from
Gray’s Anatomy, 1966)
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Fig. 4.5 Dermatomal distribution of the anterior (left)
and posterior (right) upper extremity, showing areas sup-
plied by only one segmental level (illustrations 6 and 12
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Fig. 4.6 Dermatomal distribution of the anterolateral
(left) and posteromedial (right) lower extremity, showing
areas supplied by only one segmental level (illustrations 6
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splanchnic components of the sympathetic ner-
vous system (Fig. 4.9). These conduits ensure
coverage of visceral tissues, smooth muscles, and
glands located both in the body wall and in the
core regions of the body. As long as the periph-
eral nerves are intact, damage to an individual
nerve root will not result in complete loss of sen-
sation in the area supplied by the damaged root.
By contrast, damage to a peripheral nerve will
result in a complete loss of sensation in the area
served. An understanding of the differences
between the patterns of dermatomal and periph-
eral nerve, thus, is important in assessing local-

injuries: principles of diagnosis. Philadelphia: WB
Saunders; 1945) (adapted from LeResche L, Bonica’s
Management of Pain, 3rd ed; 2001)

ization of site of injury and for determining the
effect of  diagnostic and  therapeutic
interventions.

Differential growth also results in an impor-
tant disparity between boney vertebral levels, the
location of the dorsal root ganglia, the location of
the caudal end of the spinal cord, and the dorsal
root entry zone of the spinal cord observed at dif-
ferent stages of development and in the adult.
Figure 4.10 depicts the changes in the relative
relationship between neural and boney elements
from early stages in development (30, 67, and
111 mm) to shortly after birth (221 mm). In the
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Fig. 4.8 The peripheral nerve supply of the skeleton. (a)
Anterior view. (b) Posterior view. The various peripheral
nerve fields are indicated by different patterns (modified

adult, the relative disparity between level of the
spinal nerve and its respective entry into the spi-
nal cord generally follows the following formula:
vertebral level (vertebral spinous  pro-
cess) + n = spinal cord level, where n = 0 for the
upper cervical region, 1 between the lower cervi-
cal and upper thoracic region (vertebral promi-
nence), 2 between T3 and T9, and 3 between T9
and T11 (Fig. 4.11). The conus medullaris is
located between the spinous processes of the
T12-L2 vertebrae. Figures 4.12, 4.13, and 4.14
depict boney landmarks and lines of reference to
aid in identifying vertebral levels. An under-
standing of the disparity and knowledge of super-
ficial landmarks is important for guiding and
determining the best approaches for performing
interventions on individual nerve roots and spinal

from Dejérine J. Sémiologie du systéme nerveux. Paris:
Masson; 1914) (adapted from LeResche L, Bonica’s
Management of Pain, 3rd ed; 2001)

cord levels. For example, the knowledge that the
adult spinal cord extends inferiorly only to the
L2-L3 vertebrae offers a degree of safety when
inserting needles for obtaining spinal fluid from
the lumbar cistern when the approach is made
below the L3 vertebral level.

Stimulus Transduction
and Transmission

Two fiber systems are responsible for the trans-
mission of nociceptive signals from the body
wall and viscera to the central nervous system,
the Ad and the C fiber systems (Fig. 4.15). A
third system, the A system, is primarily respon-
sible for processing non-noxious mechanical
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stimuli and serves as a tactile discriminator, but it
also plays a role in modulating nociceptive sig-
nals that enter the dorsal horn of the spinal cord
(Fig. 4.15). These fiber systems are supported by
pseudounipolar cell bodies that, along with sup-
portive satellite cells, are located in the spinal
dorsal root ganglia (DRG) and cranial nerves V,
VII, IX, and X. The ganglia are located in or
adjacent to intervertebral foramina of the spinal
column or in or near boney canals and foramina
of the skull, respectively. The intervertebral
foramina and boney canals allow passage of ele-
ments of the peripheral nervous system into and
out of the spinal cord and brain stem. The con-
ducting elements of these fiber systems are com-
posed of peripheral axons with free nerve endings
or specialized receptor organs that are distributed
in peripheral tissues and are contiguous with cen-
tral elements that terminate either in the dorsal

Celiac
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Lesser

splanchnic nerve (.
Superior—1”

mesenteric

Ay
b .
Inferior -\ . R

mesenteric
ganglion

Vesical—" ~ Bladder

plexus

horn of the spinal cord or in nuclei of the brain
stem. They are connected to their respective
pseudounipolar perikarya by a T-segment of axo-
nal membrane (Fig. 4.16). No synapses occur
between primary afferents in the peripheral gan-
glia, but the proximity of the neuronal perikarya
affords the possibility for electrochemical cross
excitation between neurons to occur.

Free nerve endings comprise the distal termi-
nals of nociceptive neurons. They are distributed
within the epidermis of the skin, deep tissues,
elements of the musculoskeletal system, and
internal visceral organs. The nociceptors are opti-
mally positioned to monitor changes in the ther-
mal, mechanical, and chemical environment of
every region of the body. Potentially injurious
stimuli, when present in the peripheral tissues,
trigger the release of a myriad of chemical medi-
ators that set into motion a constellation of events
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Fig. 4.10 Four successive stages in development of the
caudal end of the human spinal cord (after Streeter). They
show the formation of the filum terminale and the progres-
sive obliquity of the first sacral nerve which is caused by
the differential growth of the spinal cord and vertebral
column. From left to right in the figure, the sizes of the

that alters the membrane permeability of afferent
nerve terminals to charged ions. Among the incit-
ing nociceptive events are the release of potassium
ions, protons, and bradykinin and the initiation of
the arachidonic acid cascade which leads to the
production of prostaglandins and leukotrienes.
Bradykinin, through activation of phospholipase
C, stimulates the production of inositol 1, 4, 5-tri-
sphosphate (IP3) and diacylglycerol (DAG) from
membrane phospholipids. IP3 stimulates the
release of calcium ions, while DAG, through pro-
tein kinase C (PKC)-mediated pathways,
enhances the release of sodium ions and the pro-
duction of arachidonic acid. The phospholipase
A2-mediated metabolism of arachidonic acid
increases tissue levels of adenylyl cyclase, cyclic
AMP, and prostaglandins PGE, and PGI, [3-6].
These events, coupled with complimentary
increases in the levels of mediators such as hista-
mine, serotonin, adenosine, tumor necrosis
factor-a (TNF-a), nerve growth factor (NGF),
substance P (sP), glutamate, norepinephrine
(NE), and cytokines (IL-1, IL-6), lead to a shift in
the electrochemical gradient, the development of
a generator current, the depolarization of the
membrane, and the initiation of an action poten-

embryos from which the reconstructions were made are as
follows: 30, 67, and 221 mm (adapted from Hamilton WJ,
Boyd JD, Mossman HW. Human embryology: Prenatal
Development of Form and Function. 4th ed. London:
Williams & Wilkins Company:Macmillian Press Ltd;
1978)

tial that is transmitted through the system of
peripheral nerves to the central nervous system
[5, 7] (Figs. 4.17 and 4.18).

Axons of the Ad system range in diameter from
1 to 6 pm and are ensheathed by a thin layer of
myelin [4]. The myelin provides a supportive and
trophic effect for axons, and in addition to insulat-
ing axons within a nerve bundle from each other
for the maintenance of temporal and spatial integ-
rity of the signal, it serves to enhance conduction
velocity. The Ad axons are supported by cell bod-
ies that measure 25-30 pm in diameter and serve
small receptive fields. They respond to relatively
low levels of noxious stimulation and conduct
impulses at velocities between 5 and 30 m/s.
Although they respond preferentially to mechani-
cal stimulation, they also respond to noxious heat.
As the axons approach the spinal cord, they
diverge from the main nerve trunk and enter the
dorsal root where they course by their cell bodies
in the DRG and enter the spinal cord to terminate
on neurons in Rexed laminae I, II, II1, V, and X [8]
(Fig. 4.19). The axons of the C fiber system are
unmyelinated [5]. They are supported by DRG
neurons measuring 10-15 pm in diameter, serve
larger receptive fields than those served by A8
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Fig. 4.11 Diagram of the position of the spinal cord lev-
els in relation to the vertebral bodies and spinous pro-
cesses of the vertebral column

fibers, require a higher stimulus intensity to initi-
ate an action potential, and convey information at
velocities between 0.5 and 2 m/s. C fibers respond
to polymodal stimuli and can be classified into dis-
tinct populations [9]. Peptidergic C fibers respond
to heat, but not to mechanical or cold stimuli. They
also respond to sP, calcitonin gene-related peptide
(CGRP), and capsaicin and express transient
receptor potential cation channel subfamily V

L2
e =3
N L4

Fig. 4.12 A lateral view of the body, showing the verte-
bral levels of certain landmarks on the anterior thoracic
and abdominal walls: (a) suprasternal notch, (b) sternal
angle, (c¢) xiphisternal joint, (d) subcostal line, and (e)
umbilicus (adapted from Crafts RC. A Textbook of
Human Anatomy. 2nd ed. New York: Wiley Medical
Publication; 1979)

member 1 (TRP V1), tropomyosin receptor kinase
(Trk) A, and p-opioid receptors. Their activity is
modulated by nerve growth factor (NGF).
Peptidergic C fibers course medially in the dorsal
root and terminate preferentially in Rexed lamina
I, the outer portion of lamina II, and lamina V [8§]
(Fig. 4.20). A second population of C fibers
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Fig. 4.13 Lines of
reference on anterior
thoracic and abdominal
walls (adapted from
Crafts RC. A Textbook of
Human Anatomy. 2nd ed.
New York: Wiley; 1979)
Epigastric region
Hypochondriac
region

Lateral region

Umbilical region ———— ——|
Inguinal region ——— jess=fasncmminand
Pubic region ——— 1~ _

Posterior
axillary line

Fig. 4.14 Lines of
reference on lateral and

posterior chest wall Midaxillary
(adapted from Crafts line W
RC. A Textbook of Anterior \
Human Anatomy. 2nd axillary line— A

ed. New York: Wiley;
1979)

responds to cold rather than to heat or mechanical
stimulation and is not peptidergic. The cells
respond to ATP and express P2X purinoceptor-
3-isolectin B4, c-Ret neurotropin, and &-opioid
receptors. Unlike the peptidergic afferents, these
cells terminate in the inner portion of lamina IT and
are modulated by glial-derived neurotrophic factor
(GDNF). Some C fibers, “silent nociceptors,” are
typically unresponsive to normal noxious stimula-
tion but become active during periods of inflam-
mation or tissue injury, and others respond to

e Lateral sternal line
/ Parasternal line
/ Midclavicular line

or midinguinal line

Transpyloric line

. —— Subcostal line
Supracristal line

L5 | ———— Intertubercular line

T Interspinous line

~—Scapular line
Paravertebral
line

peripherally released pruritogens. These special-
ized neurons release B-type natriuretic peptide
(BNP) that activates natriuretic peptide receptor-A
(Npra)-expressing neurons that subsequently
release gastrin-releasing peptide (GRP) onto relay
neurons in Rexed lamina I and II and are respon-
sible for itch [10]. Upon entering the spinal cord,
the axons of the primary nociceptors ascend and
descend in the zone of Lissauer. The majority of
these fibers ascend approximately two spinal lev-
els before terminating in the dorsal horn.
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Fig. 4.15 A simplified
schema of a spinal nerve
and the different types
of fibers contained
therein (DC dorsal
columns; STT

spinothalamic tract) Posterior
(adapted from Byers division
MR, Bonica

JJ. Peripheral pain
mechanisms and
nociceptor plasticity. In:
Loeser JD, Butler SH,
Chapman CR, Turk DC,
editors. Bonica’s
Management of Pain.
3rd ed. Philadelphia:
Lippincott Williams &
Wilkins; 2001. p. 26-72)

Muscle spindle

Tendon
bundle

In the resting state, the free nerve endings of
nociceptive afferents maintain a polarized mem-
brane with a higher concentration of sodium ions
outside the cell. Noxious heat (>45-55 °C), cold
(8-25 °C), mechanical (pressure or distention;
60 g/mm?), or chemically mediated stimuli increase
the permeability of the membrane to charged ions,
thereby setting up a generator current (Fig. 4.18)
that leads to a subsequent shift in the electrochemi-
cal gradient and voltage across the membrane [7,
11]. The change in voltage alters the configuration
of voltage-gated channels, allowing entry of pre-
dominantly sodium ions into the cell in exchange
for potassium ions, and the initiation of an action
potential, which is propagated along the axon to the
central nervous system. In myelinated axons like
those of the AP and Ad system, the excitable mem-
brane that supports the propagation of action poten-
tials is found only in the intervals between adjacent

Spinal ganglion

Posterior root DC

Anterior root
Sympathetic ganglion

Viscera

Blood
vessels

Skeletal
muscle

Receptors in skin

segments of myelin, called nodes of Ranvier, where
there is a high density of sodium channels. Since
membrane depolarization occurs at the nodes of
Ranvier, impulses “jump” from one node to the
next in a saltatory fashion, resulting in rapid con-
duction of the action potential (Fig. 4.21). The fiber
diameter and the internodal distance are primary
determinants of the conduction velocity of the
axon. In unmyelinated axons like those of the C
fiber system, sodium channels are distributed along
the entire length of the axon (Fig. 4.21).
Depolarization is propagated contiguously between
adjacent membrane segments, resulting in the
slowest impulse conduction of any system. After
the passage of the action potential, the electro-
chemical gradient is reestablished through energy-
dependent sodium/potassium pumps (Na*/K*,
ATPase) that transport sodium ions out of the cell
in exchange for potassium ions.
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Fig. 4.16 Large and small DRG cell somata, the T-stem axon with its glomerulus, and the T-junction (adapted from
Cajal, 1911, p. 428)

The differences in the receptive field sizes, the
conduction velocity, and the thresholds for initi-
ating action potentials between the Ad and C
fiber systems form the basis for the first and sec-
ond pain responses. The first response occurs
immediately upon stimulation, is often sharp in
character, and is precisely localized. It results in a
rapid, aversive withdrawal from the offending
stimulus and a complimentary, supportive crossed
extensor response. This basic mechanism is
essential for survival and reduces the amount of
tissue injury. Shortly after stimulation, a less
well-localized feeling of discomfort is perceived,
that is, often aching or throbbing in quality, and
persists well after the stimulus has been removed.
This second pain response raises the level of
awareness of the injured body part during the

healing process. The lowered threshold to activa-
tion of a nociceptive signal reduces the likeli-
hood of additional injury due to subsequent
activity and enhances vigilance until sufficient
healing has occurred.

By contrast, when non-noxious mechanical
stimuli are presented to specialized afferent end
organs, e.g., Pacinian and Meissner corpuscles,
Ruffini endings, and Merkel cells (Fig. 4.22), the
membrane permeability of large (>25 pm in diam-
eter), low-threshold neurons of the Ap system is
similarly altered, thus initiating action potentials
conveying information of a non-noxious tactile
nature [5]. These action potentials are conducted
along large, 6—12-pm diameter myelinated axons
at velocities between 30 and 70 m/s. Upon arriv-
ing at the spinal cord, the axons enter the cuneate
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Fig. 4.17 Direct and indirect mechanisms by which
inflammatory mediators sensitize primary afferent noci-
ceptors (adapted from Levine JD, Reichling DB. Peripheral

Spike train

mechanisms of inflammatory pain. In: Wall PD, Melzack
R, editors. Textbook of Pain. 4th ed. Edinburgh: Churchill
Livingstone; 1999. p. 59-84)
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Fig. 4.18 Sketch of sensory ending showing generator,
encoding, and propagating compartments (adapted from
Devor M, Seltzer Z. The pathophysiology of damaged

and gracile fasciculi and ascend ipsilaterally in
the spinal cord to terminate in the cuneate and
gracile nuclei of the caudal medulla. Axons aris-
ing from neurons located in the cuneate and grac-
ile nuclei then cross the midline of the neuraxis
and ascend in the medial lemniscus to terminate
in the lateral portion of the ventral posterior
nucleus (VPN) of the thalamus. Collaterals from
the Ap afferents also project into the dorsal horn
where they terminate in Rexed laminae III, IV,
and V and, through stimulation of inhibitory inter-

Encoding
compartment

Ll
E iy
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Generator
compartment

peripheral nerves. In: Wall PD, Melzack R, editors.
Textbook of Pain. 4th ed. Edinburgh: Churchill
Livingstone; 1999. p. 129-64)

neurons, can reduce the intensity of nociceptive
signals allowed through the dorsal horn
(Fig. 4.23). Similar low-threshold tactile afferents
arise from the head course in branches of the tri-
geminal nerve and enter the central nervous sys-
tem at the level of the pons. These afferents
terminate in the principal sensory nucleus. Axons
arising from the principal sensory nucleus cross
the midline, join the medial lemniscus, and ascend
through the rostral brain stem to terminate in the
medial portion of the VPN.
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Fig. 4.19 Schematic diagrams of the course and termi-
nation of collaterals of the Ad cutaneous fibers in the dor-
sal horn of the spinal cord (adapted from Byers MR,
Bonica JJ. Peripheral pain mechanisms and nociceptor
plasticity. In: Loeser JD, Butler SH, Chapman CR, Turk
DC, editors. Bonica’s Management of Pain. 3rd ed.
Philadelphia: Lippincott Williams & Wilkins; 2001.
p. 26-72)

Fig. 4.21 Diagram
depicts the relationship
between fiber diameter,

A-B system
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Fig. 4.20 Schematic diagrams of the course and termi-
nation of collaterals of unmyelinated C fibers in the dorsal
horn of the spinal cord (adapted from Byers MR, Bonica
1J. Peripheral pain mechanisms and nociceptor plasticity.
In: Loeser JD, Butler SH, Chapman CR, Turk DC, editors.
Bonica’s Management of Pain. 3rd ed. Philadelphia:
Lippincott Williams & Wilkins; 2001. p. 26-72)
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system (adapted from
Gould HJ

III. Understanding pain:
what it is, why it
happens, and how it’s
managed. New York:
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American Academy of
Neurology Press,

Demos; 2007)

C-fiber system

Stimulus Modulation

Upon entry of the central gray matter, primary
afferents release stored excitatory neurotransmit-
ters, thereby relaying the initial nociceptive sig-
nal to either wide dynamic range or
nociceptive-specific neurons of the dorsal horn
(Fig. 4.24). Through this connection, the modal-

2 m/sec

ity and the temporal and spatial aspects of the
nociceptive signal are integrated. The sum of that
integration is then transmitted to higher levels of
the nervous system for further processing. The
wide dynamic range neurons are found primarily
in lamina V and are responsible for much of the
information that is transmitted to the brain stem
and thalamus. These neurons receive not only
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Fig. 4.22 Morphological features of somatosensory
receptors, including the variation in non-neural compo-
nents. (a) Meissner corpuscles are composed of axonal
loops, separated by non-neuronal, supporting cells; (b)
Merkel disks are characterized by the close association
between afferent axons and Merkel cells; (¢) Pacinian cor-
puscles include a central sensory axon, surrounded by a
fluid-filled capsule that filters out all sustained stimuli; (d)
Ruffini endings are driven by skin stretch because of the

polymodal inputs from high-threshold mechani-
cal and heat-sensitive Ad and C fiber nociceptors
but also inputs from collaterals of non-
nociceptive, low-threshold mechanical AP affer-
ents and local internuncial neurons of the dorsal
horn. They have a moderate threshold for initiat-
ing an impulse and are responsible for signals
related to itch and flutter. Inputs to the wide
dynamic range neurons provide the essential seg-
mental framework for the “gate control theory”

Epithelical cell

termination of primary afferents among collagen fibrils of
the skin; and (e) free nerve endings, characteristic of noci-
ceptors, are left unprotected from chemicals that are
secreted or applied to the skin (adapted from Hendry
SHC, Hsiao SS, Bushnell MC. Somatic sensation. In:
Zigmond MJ, Bloom FE, Landis SC, Roberts JL, Squire
LR, editors. Fundamental Neuroscience. San Diego:
Academic Press; 1999)

proposed by Melzack and Wall [12] whereby
impulses transmitted by low-threshold mechano-
receptors can reduce the nociceptive signal that is
relayed to higher integrative levels for con-
scious perception (Fig. 4.25). By comparison,
nociceptive-specific neurons are located in lami-
nae I and V and receive inputs only from high-
threshold mechanical and heat-sensitive Ad and
C fiber nociceptors. Nociceptive-specific neurons
receive inputs that may be either polymodal or
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Fig. 4.23 Simplified
schematic cross-
sectional diagram of
input and output of the
dorsal horn of the spinal
cord as well as
interneurons and axonal
terminals of descending
control systems (adapted
from Terman GW,
Bonica JJ. Spinal
mechanisms and their
modulation. In: Loeser
JD, Butler SH, Chapman
CR, Turk DC, editors.
Bonica’s Management
of Pain. 3rd ed.
Philadelphia: Lippincott
Williams & Wilkins;
2001. p. 73-152)
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Fig. 4.24 Three types of nociceptive cells in the dorsal
horn, their inputs from primary afferents, their location in
the spinal cord, and their output to ascending systems.
Wide dynamic range neurons receive inputs from low-
threshold mechanoreceptive (LTM) primary afferents,
high-threshold mechanoreceptive (HTM) primary affer-
ents, and C-polymodal afferents. Nociceptive-specific

neurons receive inputs exclusively from nociceptive affer-
ents (adapted from Terman GW, Bonica JJ. Spinal mecha-
nisms and their modulation. In: Loeser JD, Butler SH,
Chapman CR, Turk DC, editors. Bonica’s Management of
Pain. 3rd ed. Philadelphia: Lippincott Williams &
Wilkins; 2001; p. 73-152)
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Fig. 4.25 Modified schematic diagram of the “gate con-
trol theory” of Melzack and Wall, 1965. SG represents an
interneuron in the substantia gelatinosa of the dorsal horn.
T represents a cell that transmits the nociceptive signal for
higher central processing

Fig. 4.26 Schematic
depiction of a primary
afferent synapse on a
relay neuron in the
dorsal horn of the spinal
cord. ENK
enkephalinergic neuron,
NE norepinephrine,
5-HT serotonin, Glu
glutamate, Gly glycine,
MOR p-opioid receptor,
and GABA gamma
(y)-aminobutyric acid
(adapted from Gould HJ
III. Understanding pain:
what it is, why it
happens, and how it’s
managed. American
New York: Academy of
Neurology Press,
Demos; 2007)
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modality specific and possess the capability of
supporting after discharges, whereas the silent
nociceptors are a special group of nociceptive-
specific neurons that become active only during
periods of inflammation and tissue injury and
provide a means for amplifying the nociceptive
signal.

When an action potential that is initiated by a
nociceptive stimulus reaches the central afferent
terminal, calcium enters the synaptic bouton
through  voltage-gated calcium  channels
(Fig. 4.26). In the presence of calcium, vesicles
containing excitatory neurotransmitters, such as
glutamate, aspartate, CGRP, sP, neurokinin,
vasoactive intestinal peptide (VIP), neuropeptide
Y (NP-Y), galanin, or somatostatin, fuse with the
terminal cell membrane and release their con-
tents into the synaptic cleft [4, 5]. The neurotrans-
mitters cross the synaptic cleft, recognize
receptors on the postsynaptic relay cell, and,
through specific stoichiometric interaction, alter
the membrane properties of ligand-gated recep-
tors on the receiving neuron. The ligand-receptor
interaction initiates a cascade of intracellular
events that enables the triggering of the next
impulse in the chain. The stability of the synapse
is reestablished either by removal of the neu-
rotransmitter from the synaptic cleft through
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enzymatic degradation; through reuptake into the
presynaptic terminal or transport via glutamate
transporter 1 (GLT1) and glutamate-aspartate
transporter (GLAST), into astrocytes that support
the synapse [13]; or through the activation of pro-
cesses that inhibit synaptic transmission. One
such process is the collateral activation of inhibi-
tory interneurons within the dorsal horn that
release inhibitory neurotransmitters such as gly-
cine and gamma (y)-aminobutyric acid (GABA).
These transmitters inhibit further release of excit-
atory neurotransmitters from the presynaptic ter-
minal and stabilize the postsynaptic cell. It is the
critical balance between the excitatory compo-
nents of the afferent pathway whose role is to
ensure transmission of the signal warning of
impending injury. It is the inhibitory components
that through amplification can reduce or through
suppression can enhance the amount of nocicep-
tive signal that is allowed to pass to higher levels
of the nervous system and be perceived at any
given time (Fig. 4.27).

Stimulus Perception
and Interpretation

Axons en route to the thalamus from the spinal
cord course through the ventral white commis-
sure of the spinal cord, cross the midline, and
enter the contralateral lateral spinothalamic tract
where they project rostrally through the central
nervous system to terminate in the VPN. Similar
projections that subserve the territory of the tri-
geminal nerve receive inputs from axons that,
upon entering the pons, descend in the spinal tri-
geminal tract and terminate on neurons in the spi-
nal trigeminal nucleus. The projections that arise
from the relay neurons in the spinal trigeminal
nucleus cross the midline and join the spinotha-
lamic tract en route to the VPN (Fig. 4.28). There
are two components of the lateral spinothalamic
pathway. The first component, the neospinotha-
lamic tract, provides for discriminative functions
and is related to the Ad system. It projects directly
to the VPN and is rapidly conducting, precisely
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Fig. 4.27 Schematic depiction of the glial contribution to
the processing of the primary afferent signal. Under healthy
circumstances, low-frequency activation of Ad and C fiber
nociceptors by mild noxious stimuli leads to glutamate
(Glu) release from the central presynaptic afferent nerve
terminals in the spinal cord dorsal horn. Short-term
activation of AMPA (a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) and kainite subtypes of ionotropic
glutamate receptors ensues. Although also present, the

NMDA  (N-methyl-p-aspartate) ionotropic — glutamate
receptor subtype (NMDAR) remains silent because it is
plugged by Mg?*. This signaling to dorsal horn pain-projec-
tion neurons provides information about the time of onset,
duration, and intensity of noxious stimuli from the periph-
ery. Both astrocytes and microglia remain unchanged by
these synaptic events (adapted from Milligan ED, Watkins
LR. Pathological and protective roles of glia in chronic
pain. Nat Rev. 2009;10:23-36)
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Fig. 4.28 Distribution of pathways involved in transmit-
ting nociceptive information from peripheral nerves to
higher levels of the brain for processing. (a) Depicts sen-
sory nerves passing through dorsal roots en route to points
of termination in the dorsal horn of the spinal cord and
medulla. Specific fiber types terminate in different por-
tions of the dorsal horn, as illustrated in (b). Signals effec-
tively relayed in the spinal cord and brain stem course
through the medical lemniscus and lateral spinothalamic

somatotopically organized, and modality spe-
cific. The second component, the paleospinotha-
lamic tract, provides the basis for the affective
and modulatory components of pain and is asso-
ciated with the C fiber system. Its projections are
more diffusely organized. In addition to project-
ing to the VPN, the paleospinothalamic tract pro-
vides collateral connections to the nuclei of the
rostral ventromedial medulla (RVM), the lateral
tegmental nucleus (LTN), the periaqueductal
gray (PAG), the posterior and intralaminar nuclei
of the thalamus, the basal telencephalic regions,
limbic and paralimbic forebrain, amygdala, for-
nix, habenula, septal nuclei, and the hypothala-
mus. Upon termination in the thalamus, the
nociceptive signal is consciously perceived [14].

Neurons in the VPN relay the nociceptive sig-
nal to the primary and secondary somatosensory
cortices for the processing of location, intensity,

—

spinothalamic tract

)/ Cerebral /
dgortex

tracts and terminate in a topographic fashion in the thala-
mus [(c) and enlarged in (d)] where the stimulus is con-
sciously perceived. Projections from the thalamus connect
with areas of the cerebral cortex (c¢) where further analysis
and association with past experience are made (adapted
from Gould HJ III. Understanding pain: what it is, why it
happens, and how it’s managed. New York: American
Academy of Neurology Press, Demos; 2007)

and stimulus characterization and to the infero-
temporal and frontal cortices for cognitive and
contextual content and for cognitive, affective,
and executive responses, respectively (Fig. 4.28).
In the cortex, nociceptive signals are integrated
and compared with past experience, emotions,
mood, and current status for interpretation and
implementation of a behavioral response. It is in
this integrative process that the initial nocicep-
tive signal is transformed into the complex,
uncomfortable sensory and emotional experience
that we call pain. It is the dynamic relationship
between the thalamic neurons and the cortical
modulating cells that determines the intensity of
the unique painful experience perceived by each
individual at any moment in time. Following the
integration of the discriminative and affective
components of the pain pathway, corticofugal
projections return to VPN and surrounding
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thalamic association nuclei, to the hypothalamus,
and to brain stem nuclei. These projections can
either augment or diminish the level of pain that
is perceived for facilitation of a fight-or-flight
response, depending on the state of the
individual.

Stimulus Modulation
and Behavioral Response

The hypothalamus monitors basal body functions,
such as thirst, hunger, satiety, sexual function,
blood pressure, temperature, and emotion, and
influences behavior based on conscious and sub-
conscious information sent from the cortex and
from various body organs to maintain normal
body function. Hypothalamic modulation of the
behavioral response can be affected through the
release of several hormones, including
vasopressin, corticotropin-releasing factor (CRF),
and pituitary adrenocorticotropic hormone
(ACTH), that act centrally or peripherally to pro-
duce direct or indirect activity on pain-transmit-
ting neurons. The process of modulation occurs

through direct projections that affect the activity
of enkephalinergic neurons of the PAG, the
norepinephrine-containing neurons of the LTN,
the serotonergic neurons of the RVM, and the
neurons in the entry zones that receive primary
afferent input [8, 15]. Projections from the RVM
and the LTN descend through the brain stem and
the dorsolateral funiculus of the spinal cord and
synapse on the terminals of the primary afferent
neurons and on inhibitory enkephalinergic and
GABAergic interneurons of the dorsal horn,
thereby indirectly affecting the transmission of
nociceptive signals through the dorsal horn
(Fig. 4.29). These projections can block the
release of neurotransmitter from the primary
afferent terminals, stimulate local inhibitory inter-
neurons, or stabilize the membrane of the relay
neurons and thus suppress the amount of nocicep-
tive signal that is allowed to pass through the dor-
sal horn en route to higher integrative centers.
Depending on the state of the individual, modula-
tion of these descending systems can produce the
opposite effect through reduction of the level of
direct inhibitory input or through the disinhibition
of local inhibitory circuits, thus amplifying noci-

Fig. 4.29 Descending endogenous pain inhibitory sys-
tems. (a) The most extensively studied and probably the
most important descending system, composed of four-
tiered parts. The ascending anterolateral fasciculus (ALF),
composed of the spinothalamic, spinoreticular, and spino-
mesencephalic tracts, has important inputs into the
nucleus raphe magnus (NRM), nucleus magnocellularis
(NMC), nucleus reticularis gigantocellularis (NGC), and
the periaqueductal gray (PAG) via the nucleus cuneifor-
mis. The ALF also has input to the medullary/pontine
reticular formation, the nucleus raphe dorsalis (NRD), and
the mesencephalic reticular formation (MRF). The PAG
receives input from such rostral structures as the frontal
and insular cortices and other parts of the cerebrum
involved in cognition and from the limbic system, thala-
mus, and hypothalamus, which sends B-endorphin axons
to the PAG. The locus coeruleus in the pons is a major
source of noradrenergic input to the PAG and dorsal horn
(tract-labeled NE). These mesencephalic structures (PAG,
NRD, MRF) contain enkephalin (ENK), dynorphin
(DYN), serotonin (5-HT), and neurotensin (NT) neurons,
but only the latter two send axons that project to NRM and
NGC. Here, they synapse with neurons that are primarily
serotonergic, whose axons project to the medullary dorsal
horn and descend in the dorsolateral funiculus to send ter-
minals to all laminae of the spinal gray (the densest popu-
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lations are found in laminae I, II, and V of the dorsal horn
and the motor neuron pools of lamina IX). The projection
from NRM is bilateral, whereas the projection from NGC
is ipsilateral. Noradrenergic fibers descend and project to
the medullary dorsal horn and then descend in the dorso-
lateral funiculus of the spinal cord to send terminals to
laminae I, II, IV, through VI, and X. (b) A simplistic
schema to show the direct hypothalamospinal descending
control system, which originates in the medial and para-
ventricular hypothalamic nuclei. This descending system
consists of vasopressin and oxytocin neurons (and per-
haps some enkephalinergic neurons), which not only send
terminals predominantly to laminae I and X but also pro-
vide sparse input into laminae II and III and the lateral
part of lamina V, as well as the homologous area in the
medullary dorsal horn. (¢) Direct PAG-spinal projection
system, which bypasses the medullary nuclei and projects
directly to the medullary dorsal horn and then descends in
the dorsolateral funiculus to send terminals to laminae I,
II,, V, and X. Most of the axons are serotonergic and nor-
adrenergic (adapted from Terman GW, Bonica JJ. Spinal
mechanisms and their modulation. In: Loeser JD, Butler
SH, Chapman CR, Turk DC, editors. Bonica’s
Management of Pain. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 2001. p. 73-152)



4 The Anatomy of Pain and Its Implications for Regional Anesthesiology Practice 73

ceptive signals and augmenting the likelihood
that additional signals of a painful nature will be
transmitted to the thalamus for perception [8].
For optimum survival, it is important to prepare
the organism for an appropriate behavioral
response and return the monitoring system to opti-
mum levels of functioning in anticipation of addi-
tional warnings. This function is built into the
nervous system. Since pain may well signal a
threat to the survival of at least a part of an indi-
vidual, painful stimuli automatically prepare the

Hypothalamus

Periaqueductal
gray (PAG)
-Mesencephalic /

reticular %
formation (MRF)—"

N. locus
coeruleus (PONS)

. N. giganto-
cellularis

(NGC)
N. reticularis
magnocellularis
(NMC)

Medullary
dorsal horn
(MDH)

individual for rapid assessment of the afferent
stimulus and the initiation of defensive “fight-or-
flight” behavior through activation of the sympa-
thetic nervous system (Fig. 4.30). The sympathetic
nervous system controls blood pressure, heart and
breathing rate, and the volume of blood that flows
to specific tissues—more to voluntary muscles,
heart, and lungs and less to the intestinal system
and skin. The neurotransmitter that is released to
produce these responses is norepinephrine. When
released in the vicinity of peripheral afferent nerve
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Fig. 4.30 Schematic depiction of sympathetic efferent
projections in red that contribute to the “fight-or-flight”
response to a nociceptive stimulus (from Gould 2007,
modified from Byers MR, Bonica J]J. Peripheral pain
mechanisms and nociceptor plasticity. In: Loeser JD,
Butler SH, Chapman CR, Turk DC, editors. Bonica’s
Management of Pain. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 2001. p. 26-72)

terminals, impulse generation is made easier. The
sympathetic tone is modulated through descend-
ing cortical and hypothalamic projections that
determine the firing frequency of preganglionic
sympathetic neurons located in the intermediolat-
eral cell column of the spinal gray matter from C8
(T1) to L1-L2 levels of the spinal cord.

After a nociceptive signal has been effectively
relayed to the thalamus for further processing,
the mechanisms responsible for receiving the
nociceptive signals must be reset in the event that
additional noxious stimuli requiring assessment
arrive at the dorsal horn. To accomplish this,
active relay neurons send axon collaterals to local
inhibitory neurons in the dorsal horn that project
back to the primary afferent terminal and to the
initiating relay neuron to inhibit further activity
and thus reduce the likelihood that multiple
impulses will be sent to higher levels of analysis.
The primary transmitters utilized by these inhibi-
tory neurons are GABA and glycine.

Pathway Alterations Following
Injury

After an injury, it is important to be aware of the
area that has been injured so as not to subject it to
further trauma that could exacerbate the injury.
Mechanisms to enhance sensitivity in an injured
region are also present in the normal nervous sys-
tem, thereby aiding in recovery by increasing
vigilance of the wound during the healing pro-
cess. A significant portion of stimulus enhance-
ment occurs during the process of peripheral
sensitization. Peripheral sensitization is a by-
product of the inflammation that is part of the
mechanism of repair. It is present following
injury and continues through the time that the
wound has healed [16]. The process is initiated
when tissue is injured by a thermal, mechanical,
or chemical stimulus. Chemical mediators of
inflammation are released from tissues in and
around the site of injury. These chemicals
increase blood flow to the injured area, carrying
cells that engulf and destroy nonviable tissues
and infectious agents, and increase levels of oxy-
gen and nutrients necessary for repair. The
inflammatory cells sequester particulate by-
products of the cleanup and remove the by-
products of metabolism. This process directly
sensitizes the local nociceptors at the site of
injury and, through the release of neurochemicals
from collateral free nerve endings, indirectly sen-
sitizes free nerve endings in adjacent tissues
(Fig. 4.31). Consequently, the threshold for
peripheral nociceptors is lowered, which
increases the likelihood that a warning signal will
be generated in a primary afferent nerve cell.
Abnormal sites for generation of a nociceptive
signal that lead to repetitive firing and spontane-
ously generated pain can also develop when
nerves are injured [7]. The mechanisms of injury
vary, resulting in unique alterations in the normal
function and integrity of the nerve. The altera-
tions can include the destruction or damage to the
neuronal cell bodies, the axons with their central
and/or peripheral processes, the specialized end-
ings in the peripheral tissues, and the supportive
glial and Schwann cell elements as a result of
toxic, metabolic, infectious, traumatic, and con-
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Fig. 4.31 Inflammatory enhancement of the pain signal.
(a) Shows that noxious stimulation (arrow) results in the
local release of protons (K*) and inflammatory chemicals,
bradykinin (BK) and prostaglandins (PG). A nociceptive
signal is initiated and transmitted to the spinal cord. (b)
Illustrates the nerve impulse as it extends into the periph-
eral terminal branches of free nerve endings causing the
release of neurochemicals, e.g., substance P (sP), which

stimulate the release of additional BK and other chemi-
cals, histamine (H), and serotonin (5-HT). BK, H, and
5-HT make local and adjacent terminals (c¢) more sensitive
to stimulation and thus more likely to generate a nocicep-
tive signal. Modified from Byers and Bonica, 2001 (from
Gould HJ III. Understanding pain: what it is, why it hap-
pens, and how it’'s managed. New York: American
Academy of Neurology Press, Demos; 2007)

Fig. 4.32 Ectopic firing of injured nerve cells and
peripheral sensitization. When peripheral nerves are
injured, nerve impulses can be generated spontaneously at
abnormal sites along the axon. An impulse is transmitted
to the spinal cord and brain in the normal fashion but, in
addition, is transmitted peripherally to the afferent termi-
nals. Chemical mediators such as substance P are released

genital processes involving either the central or
the peripheral nervous system. Such changes
potentially lead to alterations in the numbers and
relative densities of ion channels responsible for
cellular excitability. In a significant portion of the
population, neuronal injury results in such
changes that make it possible for impulses to be

and sensitize adjacent free nerve endings, enabling the
initiation of a nociceptive signal in response to a non-
noxious stimulus. Modified from Woolf and Mannion
1999 (from Gould HJ III. Understanding pain: what it is,
why it happens, and how it’s managed. New York:
American Academy of Neurology Press, Demos; 2007)

generated at abnormal sites along the course of
an axon rather than just at the generator zone of
nerve terminals and at synapses (Fig. 4.32) [17].
Because of altered numbers, types, and distribu-
tion of ion channels, spontaneous channel open-
ings allow the entry of sufficient sodium ions into
the axon to depolarize the membrane [7, 18]. In
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the periphery, the wave of depolarization pro-
ceeds away from the active site both toward the
spinal cord and toward the body surface [19].
When a nerve impulse reaches the free endings of
the afferent nerve terminal, neurochemical medi-
ators are released from the terminals as described
earlier, resulting in peripheral sensitization of the
adjacent nerve terminals and the generation of
nerve signals as a result of either noxious or non-
noxious stimuli. The signals then project cen-
trally; reach the spinal cord, thalamus, and cortex;
and are perceived as pain in the region of the
body served by the aberrantly firing nerve. The
resulting perception of pain can thus occur in the
absence of a noxious stimulus being delivered to
the body at the time of perception.

Enhanced peripheral activity associated with
tissue injury, especially in individuals susceptible
to developing neuropathic pain related to nerve
injury, potentially lays the foundation for the
development of persistent or permanent pain
states. The regular and frequent signals are passed
to the central nervous system, and through a pro-
cess of central sensitization called “windup,” the
repetitive firing of peripheral C fibers produces a
gradual increase in the perception of a stimulus

Voltage-gated
Ca2+ channel

Fig. 4.33 Repetitive stimulation results in the activation
of NMDA glutaminergic receptors and voltage-gated cal-
cium channels. The entry of excess calcium stimulates the
synthesis of nitric oxide and prostaglandins that are
released from the neuron, resulting in sensitization of
neighboring relay neurons and the possible initiation of
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irrespective of an increase in stimulus intensity
[20]. This phenomenon effectively increases the
likelihood that a stimulus will be relayed to levels
of cognitive perception through a sensitization of
relay neurons in the dorsal horn of the spinal
cord. If the process of central sensitization is
allowed to persist, high levels of sP and gluta-
mate remain in the synaptic cleft (Fig. 4.33).
When concentrations of sP and glutamate
remain high in the synaptic cleft due to repeti-
tive firing of primary afferent neurons, NK-1,
kainite,  ionotropic  (x-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA), and
metabotropic (mGIuR) receptors, and through
continued depolarization of the postsynaptic
membrane in the presence of increased levels of
glycine, released from local inhibitory interneu-
rons, N-methyl-D-aspartate (NMDA) glutamate
receptors are activated allowing entry of calcium
as well as sodium into the postsynaptic cell.
Other voltage-gated calcium channels present in
the relay cell membrane also are activated and
allow the entry of additional calcium into the
relay neurons. Excess levels of intracellular cal-
cium lead to activation of calcium-calmodulin
protein kinase II o (CaMKIl), cyclic adenosine

the genetic process for the synthesis of cellular proteins.
Modified from Ollat H, Cesaro P. Pharmacology of neuro-
pathic pain. Clin Neuropharmacol. 1995;18:391-404
(from Gould HJ III. Understanding pain: what it is, why it
happens, and how it’s managed. New York: American
Academy of Neurology Press, Demos; 2007)
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monophosphate (cAMP), brain-derived neuro-
trophic factor (BDNF), protein kinase A and C
(PKA and PKC), and a further increase in AMPA
receptor activation [21]. Through activation of
the TIP3 and DAG pathways, there is enhanced
production of nitric oxide and prostaglandins that
are released into the local neuropil. These media-
tors decrease the firing threshold of adjacent
relay neurons, thus strengthening signal trans-
mission and making it possible for adjacent neu-
rons to reach firing threshold upon receiving an
input generated by any level of stimulation
(Fig. 4.34). In addition, the activation of a
prostaglandin-dependent PKC pathway is
thought to be a crucial component in “hyperalge-
sic priming,” a process by which an injurious
event produces changes in peripheral afferents
that results in an exaggerated and prolonged
hyperalgesic response to a subsequent minimally
noxious or non-noxious stimulus that sets the
stage for the development of chronic pain [22].
The neuromodulating chemicals that are also
released from hyperactive relay neurons can
affect additional transmitter release from the pri-

Non

Non Nox Non Nox

Fig. 4.34 Central sensitization enhances the transmis-
sion of a nociceptive signal. When nociceptive signals
(Nox) repeatedly cause relay neurons to fire (arrowhead),
prostaglandins (PG) and nitric oxide (NO) are released
from the relay neuron (red), as illustrated in Fig. 4.32. PG
and NO sensitize nearby nociceptive relay neurons (yel-

mary afferent neuron and affect the release of
cytokines, neurotransmitters, and trophic agents
from local microglia and astrocytes (Fig. 4.35)
[12]. The resulting cascade of events enhances
the likelihood that both noxious and non-noxious
stimuli will be sufficient to initiate transmission
of a nociceptive signal to higher levels of the ner-
vous system. Finally, continued high levels of
intracellular calcium may initiate the synthesis of
proteins such as extracellular signal-regulated
kinase (ERK), p38, and c-Jun N-terminal kinase
(JNK) for further sensitization of pathways that
enhance nociceptive transmission and the synthe-
sis of immediate early genes that provide a basis
for generating new and permanent neuronal con-
nections and establish the basic framework for
permanent hypersensitivity or centrally gener-
ated pain [23, 24].

Clearly, the processing of painful signals
within the nervous system is complex and
involves many components that function sequen-
tially and simultaneously to enhance survival of
the individual. The system provides many fail-
safe assurances to ensure the integrity of the

Nox Non Nox Non Nox

low) and enable them to respond to non-noxious stimuli
(Non). Non-sensitized neurons (green) do not respond to
non-noxious stimuli (from Gould HJ III. Understanding
pain: what it is, why it happens, and how it’s managed.
New York: American Academy of Neurology Press,
Demos; 2007)
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warning system to protect against serious injury,
yet these assurances provide problems and frus-
tration in achieving complete or even adequate
pain relief. To achieve the best possible treatment
of pain, all components must be considered as
possible sources for pain generation and possible
avenues for pain control. Knowledge of the ana-
tomical and physiological basis for nociceptive

processing and an understanding of the most
likely sites where damage and intervention can
occur are essential for providing optimum care
for your patients.
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Fig. 4.35 Schematic depiction of the role of glia in pro-
cessing repetitive nociceptive input and pain processing
during inflammation. After repetitive synaptic communi-
cation, which can occur after a short barrage of nocicep-
tive afferent input, there is an increase in the responsiveness
of dorsal horn pain-projection neurons to subsequent
stimuli (known as central sensitization). A co-release of
glutamate and neurotransmitters such as substance P (sP)
and calcitonin gene-related peptide (CGRP) mediates
NMDAR activation, leading to voltage-gated Ca*" cur-
rents (VGCCs). In addition, inositol-1,4,5-triphosphate
(Ins(1,4,5,)P;) signaling and mitogen-activated protein
kinases, such as extracellular signal-regulated kinase
(ERK), p38, and c-Jun N-terminal kinase (JNK), are acti-
vated. In neurons, ERK can further sensitize excited
AMPA receptors (AMPARs) and NMDARs. Activation of
purinoreceptors (P2X;) by ATP, activation of sP receptors
(the neurokinin 1 receptor (NK;R)), activation of metabo-
tropic glutamate receptors (mGIuR), and release of brain-
derived neurotrophic factor (BDNF) all contribute to
enhanced nociceptive transmission. Astrocytes and
microglia express various neurotransmitter receptors and
are activated by glutamate, ATP, and sP. At synapses, the
glutamate transporters, glutamate transporter 1 (GLT1),
and glutamate-aspartate transporter (GLAST), which are
crucial for clearing synaptic glutamate, become dysregu-
lated after prolonged exposure to high levels of p38 and
JNK activation in microglia and astrocytes. Each of these
kinases can activate the transcription factor nuclear factor
kB (NF-kB), which induces the synthesis of inflammatory
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factors. Upregulation of the V1 transient receptor poten-
tial channel (TRPV1) after inflammation further contrib-
utes to the sensitization to noxious signals. During this
time, normally non-nociceptive A fibers can also activate
pain-projection neurons. If noxious input persists, such as
during chronic inflammation or nerve damage, sustained
central sensitization leads to transcriptional changes in
dorsal horn neurons that alter these neurons’ function for
prolonged periods. Astrocytes respond to this ongoing
synaptic activity by mobilizing internal Ca’*, leading to
the release of glutamate (Glu), ATP that binds to P2X,,
tumor necrosis factor-o (TNF-a), interleukin 1p (IL-1p),
IL-6, nitric oxide (NO), and prostaglandin E, (PGE,).
Activated microglia are also a source of all of these proin-
flammatory factors. Matrix metalloproteinase 9 (MMP9)
induces pro-IL-1p cleavage and microglial activation,
whereas MMP2 induces pro-IL-1p cleavage and main-
tains astrocyte activation. The activation of p38 mitogen-
activated protein kinase (p38 MAPK) is induced in both
microglia and astrocytes on IL-1p signaling. Astrocytes
and microglia express the chemokine receptors CX3CR1
(not shown) and CCR2 and become activated when the
respective chemokines bind. After nerve damage, heat
shock proteins (HSPs) are released and can bind to Toll-
like receptors (TLRs) expressed on both astrocytes and
microglia, leading to the further activation of these cell
types (adapted from Milligan ED, Watkins
LR. Pathological and protective roles of glia in chronic
pain. Nat Rev. 2009;10:23-36)
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Review Questions 6. The regular and frequent signals which can
be passed to the central nervous system and
1. Inhibitory interneurons within the dorsal horn through a process of central sensitization are
release inhibitory neurotransmitters such as: called:
(a) Glycine and gamma (y)-aminobutyric (a) “Windup”
acid (GABA) (b) Diffusion
(b) Glutamate and aspartate (c) Archicerebellum redundancy
(c) Calcitonin gene-related peptide (CGRP), (d) Schmidt-Lanterman syndrome
galanin, and substance P (sP) 7. The consequences of “windup” include:
(d) Neurokinin, vasoactive intestinal pep- (a) Quicker reflexes
tide (VIP), and neuropeptide Y (NP-Y) (b) Increased micturition and defecation
2. There are two components of the lateral spi- (c) The repetitive firing of peripheral C
nothalamic pathway: fibers which produces a gradual increase
(a) Neospinothalamic tract and paleospino- in the perception of a stimulus irrespec-
thalamic tract tive of an increase in stimulus intensity
(b) Subthalamic tract and cerebellar vermis (d) The sequential discharge of P fibers
tract which produces y-mediated pain
(c) Anterior and posterior longitudinal tract 8. Unique structures, which are depolarized by
(d) Neocerebellar and tuberculum tract stimuli in response to tissue damage:
3. When glutamate concentration remains high (a) Touch receptors
due to repetitive firing of primary afferent (b) Nociceptors
neurons, the depolarized postsynaptic mem- (c) Temperature receptors
brane in the presence of increased levels of (d) Chloride channels
glycine, released from local inhibitory inter- 9. As the axons approach the spinal cord, they
neurons, stimulates the opening of: diverge from the main nerve trunk and enter
(a) Serotonin receptors the dorsal root where they course by their
(b) Bradykinin receptors cell bodies in the DRG and enter the spinal
(c) Muscarinic receptors cord to terminate on neurons in:
(d) N-methyl-p-aspartate (NMDA) gluta- (a) Rexed laminae I and IT
mate receptors (b) Rexed laminae III and V
4. Inputs to the wide dynamic range neurons (c) Rexed lamina X
provide the essential segmental framework (d) All of the above
for the “gate control theory” proposed by: 10. The axons of the C fiber system:
(a) Melzack and Wall (1965) (a) Are unmyelinated
(b) Racz and Raj (1971) (b) Are myelinated
(c) Bonica (1958) (c) Are never found in the peripheral nerves
(d) Lema (1986) of the somatic sensory system
5. The gate control theory: (d) Have fast conduction velocity of over

(a) Is completely false

(b) States that impulses transmitted by low-
threshold mechanoreceptors can reduce
the nociceptive signal that is relayed to
higher integrative levels for conscious
perception

(c) Explains the mechanism of the gamma
reflex loop

(d) Is the basis of our understanding of sal-
tatory conduction

11.

12.

20 m/s
Neurons in the ventral posterior nucleus
(VPN) of the thalamus relay the nociceptive
signal to:
(a) The primary somatosensory cortex
(b) The secondary somatosensory cortex
(c) The inferotemporal and frontal cortices
(d) All of the above
After an injury, a significant portion of stim-
ulus enhancement can occur during the pro-
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13.

14.

15.

cess of peripheral sensitization and is limited
to injury by:

(a) Thermal stimulus

(b) Mechanical stimulus

(c¢) Chemical stimulus

(d) All of the above

Which is false regarding wide dynamic range
neurons?

(a) They are found primarily in lamina V.
(b) They are responsible for much of the
information that is transmitted to the
brain stem and thalamus.

These neurons receive polymodal inputs.
One limitation is that they do not receive
inputs from collaterals of non-
nociceptive, low-threshold mechanical
AP afferents and local internuncial neu-
rons of the dorsal horn.

C fibers:

(a) Respond to polymodal stimuli but pref-
erentially respond to noxious heat.
Their central elements course medially
in the dorsal root and terminate on neu-
rons in Rexed lamina I, the outer portion
of lamina II, and lamina V.

Upon entering the spinal cord, the axons
of the primary nociceptors ascend and
descend in the zone of Lissauer.

The majority of these fibers ascend
approximately two spinal levels before
terminating in the dorsal horn.

In myelinated axons, the excitable mem-
brane that supports the propagation of action
potentials found only in the intervals between
adjacent segments of myelin is called:

(a) Nodes of Ranvier

(b) Basilar sulci

(c) Nervus intermedius

(d) Riopelle lipofuscin

()
(d)

(b)

(©)

(d)

Answers:

A

a

Do A

11.
12.
13.
14.
15.

Sl
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Local Anesthetics and Adjuvants

Francesco Vetri, Jose A. Aguirre,
Effrossyni G. Votta-Velis, and Alain Borgeat

Introduction

Local anesthetics produce reversible and com-
plete blockade of neuronal transmission when
applied near the axons. They block primarily
voltage-gated sodium channels. Their application
results in interruption of nerve impulse conduc-
tion, allowing not only abolition of sensation
from the area innervated by the corresponding
nerves but also motor blockade. A number of
compounds with local anesthetic activity occur in
nature such as cocaine, eugenol derived from
plants, tetrodotoxin derived from fish species in
the family Tetraodontiformes, and saxitoxin
derived from algae (dinoflagellates). The first
reported medicinal use of a drug as a local anes-
thetic occurred in 1884 when Carl Koller used
cocaine to anesthetize the eye by topical
application.
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It is also important to mention that recent pub-
lications have demonstrated additional properties
of the local anesthetics other than being sodium
channel blockers. They interact with various
receptors and pathways and have an effect in
chronic pain and demonstrate anti-inflammatory
and potential antimetastatic properties [1-3].

This chapter describes the basic chemical
structure of local anesthetics, the basic receptor
pharmacology, and gives an overview over phar-
macologic properties of the different drugs.
Clinical use, advantages, and side effects are
compared. The mechanism of action and effects
of adjuvant drugs used in regional anesthesia is
also explored. Finally, some clinical pearls are
highlighted, and local anesthetic toxicity is
described.

Local Anesthetics
Chemical Structure

Local anesthetic molecules are comprised of three
basic building blocks: a hydrophobic aromatic
ring, a hydrophilic tertiary amine, and an interme-
diate chain connecting the two. Hydrocarbon
chain length varies between 6 and 9 A. The chem-
ical connection between the intermediate chain
and the aromatic ring divides local anesthetics in
“esters” and “amides” depending on whether the
hydrocarbon chain is joined to the benzene-
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derived moiety by an ester or an amide linkage. this chemical differentiation is clinically relevant
The type of linkage is important as it determines because the amides are more stable and have less
how local anesthetics are metabolized. Moreover, risk of allergic reaction than the esters (Table 5.1).

Table 5.1 Physiochemical properties of local anesthetics

Relative in vitro potency
Rat Plasma
Type (year sciatic Partition protein
Drug (brand name) | introduced) | Chemical structure nerve | pK, |coefficient* |binding
Cocaine Ester CH,—CH——CHCOOCH;3 - 8.6 |- 92
| |
NCHs—CHOOCHs
CH,—CH——CH,
Procaine Ester C,oH 1 8.9 1.7 5.8
_Lols
(Novocaine) (1905) H2N-©-COOCH20H2N\
C2Hs
Benzocaine Ester - 3.5 81 -
H N—< >—COOC H
(1900) 2 2
Tetracaine Ester HoCy CHjz |8 85 221 75.6
(Pontocaine) (1930) \N—Q-CQOCH2N/
e ~
N CHjy
2-Chloroprocaine Ester C1 C.H 1 87 19.0 NA
- Aoy
(Nesacaine) (1952) HoN GCOOCHZN\
CaoHs
Lidocaine Amide CH, CoHg 2 772 2.4 64.3
(Xylocaine) (1944) QNH COCHN
CHg CoHs
Mepivacaine Amide CHjz CHs 2 7.6 21 77.5
(Carbocaine, (1957) NHCO ,I\l
Polocaine)
CHy
Prilocaine Amide CHjs 2 7.7 25 55
(Citanest) (1960) @NH COCH-NH-Ctty
CHz
Ropivacaine Amide CHjy H 4 8.1 115 95
(Naropin) Amide (1995) . @
(1995) NH-CO N
CHg /
CsHy
Bupivacaine Amide CHjz C4Hg 8 8.1 346 95.6
(Marcaine, Amide (1963) |
(1963) Sensorcaine) QNHCO N
Levobupivacaine CHj U
(Chirocaine)
Etidocaine Amide CHj C.H 8 7.74 | 800 94
2"’
(Duranest) (1972) QNH COGHN
[ >SCgH
CHz CHs °7

From: Mulroy MF. A Practical Approach to Regional Anesthesia. 4th ed. Philadelphia: Wolters Kluwer/Lippincott
Williams & Wilkins; 2009:pg 3. Reprinted with permission from Wolters Kluwer Health
*Otanol: buffer pH 7.4
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Site of Action and Nerve Conduction

Sodium Channel Structure

The human sodium channel is a transmembrane
protein composed of three subunits forming a
voltage-sensitive and sodium-selective channel
[4]. Different isoforms are expressed in different
tissues (muscle, heart, central nervous system,
peripheral nervous system, etc.) [5]. Mutations
with different sensitivity to local anesthetics are
possible and have been shown in the experimen-
tal but not (yet) in clinical setting [6].

Conduction

With electrical excitation of the neuron, a depolar-
izing stimulus is conducted down an axon. A stim-
ulus of significant magnitude changes the negative
resting potential from —70 mV toward —55 mV,
the threshold required for complete depolariza-
tion: sodium channels in the cell membrane are
activated and open, permitting Na* ions to move
down their electrochemical gradient intracellu-
larly and locally “depolarize” the axonal mem-
brane. This influx of cations rapidly changes the
membrane potential to +35 mV. The resultant
propagation of voltage change down the axon is
defined as the action potential. Local anesthetic
molecules traverse the cell membrane and then
block the sodium channel from within the cell
blocking propagation of the action along the nerve.

Repolarization

The sodium channel is inactivated after a few mil-
liseconds by a time-dependent change in confor-
mation closing an inactivation gate (Fig. 5.1). The
inactivated state cannot conduct Na* and is not
reopened if further stimulated (refractory period).

Open
channel

Na+o

il
it

Fig.5.1 Mechanism of
action of local
anesthetics. From:
Rathmell JP. Regional
Anesthesia: The
requisites in
anaesthesiology. 1st ed.
Philadelphia:Elsevier
Mosby; 2004:pg 17

Thereafter, the Na* channel changes further to the
closed (resting) state. In this state, it cannot con-
duct Na* ions but, with a sufficiently strong stimu-
lus, will convert the channel to the open state.

Binding of Local Anesthetics

Local anesthetics do not bind to a classical
“receptor”; it is more a “binding” site which is
located within the sodium channel near its intra-
cellular opening [6]. It is, on the one hand, a
hydrophobic region to which the hydrophobic
part of the local anesthetic molecule “binds” and,
on the other hand, a hydrophilic region with
which the quaternary amine interacts. Any
change in amino acid sequence can prevent local
anesthetics from being effective.

Action potentials are blocked due to an inhibi-
tion of Na* movement through the Na* channel
by direct blocking or influencing of the Na* chan-
nel conformation.

Pharmacodynamics
and Physiochemical Properties
of Local Anesthetics

Potency

The minimal local anesthetic concentration
required to produce neural blockade is defined as
potency. Lipophilicity correlates in in vitro set-
tings well with local anesthetic potency. In vivo,
this correlation exists but is less stable.

Phasic Block

The faster a nerve is stimulated, the lower the
concentration of local anesthetic is needed to
produce a blockade (in vitro). This observation is

(B)+H*= BH*

P‘s? e | 12238 (e a8 gtoacans
BN A

+H+;‘ @
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called phasic block or rate-dependent block.
Typically, phasic block occurs with more hydro-
phobic (potent) local anesthetics. They show a
greater difference in their binding affinity in
dependence of the different channel states com-
pared to the less potent local anesthetics. There is
no clear data about phasic block in the in vivo
model, but phasic block seems to explain why
hydrophobic local anesthetics are more cardio-
toxic than hydrophilic local anesthetics.

Anesthetic Block in Dependency

of Nerve/Axon Exposed

Axons are classified with respect to their struc-
ture (myelinated, unmyelinated), diameter, con-
duction velocity, and function. The characteristics
of local anesthetic blockade vary among different
axon types, but the exact role of size, myelina-
tion, or function in axonal blockade is, to date,
not entirely clear (Table 5.2).

e Unmyelinated axons: the concentration of

local anesthetic required to block conduction
of unmyelinated axons decreases with increas-

Table 5.2 Axon classification

ing length of nerve exposed to the local
anesthetic.

e Mpyelinated axons: myelin consists of
Schwann cell plasma membranes wrapped
around axons. There are gaps, called nodes of
Ranvier, at fixed intervals between the myelin-
ated areas. Myelination results in much faster
conduction velocities because the axonal
membrane needs to be only depolarized at the
node. This process is called saltatory
conduction.

¢ Unmyelinated axons (C fibers) are in vitro the
most resistant to local anesthetic blockade,
followed by large (Aa, AP fibers) and small (B
fibers) myelinated axons [7]. Intermediate-
size myelinated axons (Ad, Ay fibers) are the
easiest axons to block in vitro.

Local anesthetics can gain access to axonal
membrane of myelinated axons only at the
nodes of Ranvier. In vitro, the Na* channels
in approximately three consecutive nodes
(0.4-4 mm) need to be blocked for axonal con-
duction to fail.

Local
anesthetic
Fiber sensitivity
type | Size (pm) | Function (in vitro) | Illustrations
A Myelinated Unmyelinated
o 12-20 Somatic motor, ++
proprioception -6
B 5-12 Touch, pressure motor to | ++
muscle spindles NOde, of
- Ranvier
Y 3-6 Motor to muscle spindles | +++
. ‘L\-L_' = I =
d 2-5 Pain, temperature, touch +++ nucleus and cytoplasm
B <3 Autonomic ++ O —
(preganglionic) %oE
C 0.3-14 Pain, reflex responses + @%
Autonomic ?ﬁz
(postganglionic) __jo\ e
Local anesthetic Node of
molecules Ranvier

From: Mulroy MF. A Practical Approach to Regional Anesthesia. 4th ed. Philadelphia: Wolters Kluwer/Lippincott
Williams & Wilkins; 2009:pg 9. Reprinted with permission from Wolters Kluwer Health

Human axons are classified by size, presence or absence of myelin, and function; in vitro, small unmyelinated axons are
most resistant to local anesthetic blockade, whereas large myelinated axons are the most sensitive. In vivo, however, the
sensitivity to local anesthetic block is different for reasons that are not fully understood (see chapter on Clinical
Pharmacology of Local Anesthetics). “+” indicates the relative sensitivity to local anesthetic block
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Acid-Base and pK,

Local anesthetics (except benzocaine) are weak
bases (pK, = 7.6-9.0) that are commercially pre-
pared as an acidic solution, typically at pH 4-5.
The pK, defines the pH, where half of the drug is
ionized (positively charged form, conjugate acid)
and half is nonionized (base). The ionized and
nonionized forms have different, but important,
clinical effects. The nonionized form penetrates
the nerve membrane, while the ionized form
binds to proteins on the intracellular side of the
sodium channel (Fig. 5.2). The percentage of
each form present in a solution or in the tissue
depends on the pH of the solution or tissue and
can be calculated from the Henderson-
Hasselbalch equation:

pK, = pH-log(base )/ (acid),

where pH is the pH in the solution/tissue and pK,
is the pH at which half the local anesthetic mol-
ecules are in the base form and half in the acid
form.

The pK, of each local anesthetic is unique and
measures the tendency of the molecule to accept
a proton in the base form or to donate a proton in
the acid form. Most local anesthetics have a pK,
between 7.5 and 9.0.

Sodium bicarbonate can be added to local
anesthetic solutions to raise the pH of the solu-
tion, thereby increasing the nonionized form.
Other factors being similar, local anesthetics with

more basic pK, have a slower onset of blockade
effect due to the lesser amount of nonionized
local anesthetic molecules at physiologic
pH. This relative lack of the nonionized form
impairs local anesthetic movement across the cell
membrane and thus delays block onset (Fig. 5.2).

Hydrophobicity
The charged form of all local anesthetics is more
hydrophilic ~ than the wuncharged form.

Hydrophobicity correlates with potency and, to a
certain extent, to duration of action: the more
hydrophobic the drug, the more potent it is.
Hydrophobicity facilitates penetration of the neu-
ronal cell membrane, which accelerates local
anesthetic binding to the intracellular portion of
the sodium channel.

Adding local anesthetic to a recipient contain-
ing two immiscible liquids like an aqueous buffer
and a hydrophobic lipid is needed to determine
hydrophobicity. The resultant ratio of the concen-
trations is called the “distribution coefficient”
(partition coefficient).

Protein Binding

One of the most important clinical characteristics
of local anesthetics is its duration of action,
which correlates with the degree of local anes-
thetic protein binding (typically to albumin and
a-1-acid-gylcoprotein). Binding to plasma pro-
tein varies between 5 and 95%. In general, more
hydrophobic drugs have higher protein binding.

H*+ RN = RNH* RNH* = RN
(1) (1000) pH=54 (1000)  (0.1)
Tissue
Y A J
H* + RN =— RNH* pH=7.4 RNH* = RN + H*
(1) (10) (10) ©.1)
Na* channel

Fig.5.2 Effect of
ionization on activity.
From: Rathmell

JP. Regional Anesthesia:
The requisites in
anaesthesiology. 1st ed.
Philadelphia:Elsevier
Mosby; 2004:pg 18
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However, plasma protein binding does not cor-
relate necessarily with tissue protein binding.

Normally, short-acting local anesthetics have
a fast onset of action, while long-duration local
anesthetics have a slower onset of clinical effects.
Serum protein binding also protects against drug
toxicity because only the free (protein unbound)
local anesthetic fraction can induce toxicity.
However, once serum proteins are saturated, any
additional administration or absorption of local
anesthetics rapidly causes toxicity. Therefore,
patients show a rapid progression from no signs
of local anesthetic toxicity to manifestations of
severe toxicity (CNS, cardiac) when highly
protein-bound local anesthetics are used
inadequately.

Binding to plasma proteins is mainly pH
dependent: binding decreases during acidosis due
to the decrease of available binding sites in an
acidic environment.

Metabolism

Ester local anesthetics are primarily metabolized
by ubiquitous plasma cholinesterases (pseudo-
cholinesterase). These enzymes are synthesized
by the liver and are found throughout the vascular
system and in the cerebrospinal fluid (CSF). They
are responsible for the metabolism of numerous
drugs of relevance to the anesthesiologist, includ-
ing ester local anesthetics, succinylcholine, and
mivacurium. Because of the widespread distribu-
tion of these enzymes, plasma degradation of
ester local anesthetics is typically rapid. In con-
trast, amide local anesthetics undergo degrada-
tions by hepatic enzymes and typically have a
longer serum half-life.

Summary

The comprehension of the principles described in
this chapter is essential to understand local anes-
thetic clinical pharmacology. However, one
should keep in mind that the clinical setting is
much more complicated as there are multiple
influencing factors that cannot be reproduced in

in vitro studies. It is also important to mention
that recent publications have demonstrated addi-
tional properties of the local anesthetics other
than being sodium channel blockers. They inter-
act with various receptors and pathways and have
an effect in chronic pain and demonstrate anti-
inflammatory and potential antimetastatic prop-
erties [1].

Clinical Pharmacology of Local
Anesthetics

Factors Determining Block Quality

Block Onset

The proximity of the injected local anesthetic to
the nerve is the most important factor determin-
ing block onset; the nearer to the nerve, the
shorter the time required to diffuse into the nerve.

The total local anesthetic dose and not the
volume or concentration determines the onset
time, the duration, and the intensity of the nerve
block [8].

The choice of the local anesthetic is a crucial
issue since hydrophobic agents are more prone to
bind to hydrophobic sites on connective tissue
compared to hydrophilic drugs. This explains the
slower onset of hydrophobic local anesthetics
despite their greater potency.

Block Duration
The main factor influencing block duration is the
clearance rate of the local anesthetics.

The choice of local anesthetic greatly influ-
ences block duration; hydrophobic local anes-
thetics have a slower clearance compared to
hydrophilic local anesthetics. Moreover, hydro-
phobic compounds have a higher potency. These
two factors are responsible for a longer-lasting
block. Furthermore, local anesthetics show vari-
able vascular effects on local blood vessels.
Vasoconstriction will reduce clearance, impair-
ing its transport from the injection site. High con-
centrations of local anesthetics lead to a
vasodilation increasing local blood flow and con-
sequently their own clearance. But with decreas-
ing concentration, vasoconstriction is present
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reducing clearance and increasing the duration of
the block. Differences among local anesthetics
are listed below.

The dose influences duration: larger doses of
local anesthetics produce a long-lasting block
compared to lower doses. This is explained by
the longer time required to clear the higher
amount of drug.

Block Potency

Lipophilicity correlates with potency: the more
lipid soluble the local anesthetic, the more potent it
is. Lipophilicity facilitates penetration through the
cell membrane, thereby accelerating the binding
of the local anesthetic to the intracellular binding
site of the Na* channel. Lipophilicity is influenced
by the lateral chains of the benzene ring.

Individual Local Anesthetics

Common local anesthetics used in clinical prac-
tice and their applications are shown in Table 5.3.

Ester Local Anesthetics

Cocaine

Topical mucous membrane applications of
cocaine (4% solution) result in very rapid anes-
thesia and vasoconstriction. At excessive doses,
vasoconstrictive properties lead to hypertension,
coronary ischemia, and arrhythmias. Mixtures of
lidocaine with phenylephrine or oxymetazoline
are safer alternatives to cocaine for anesthetizing
and vasoconstricting mucous membranes.
Attention must be paid not to mix cocaine with
other vasoconstrictors (phenylephrine) because
of the increased risk of acute myocardial infarc-
tion [9].

Cocaine is metabolized in the liver to active
metabolites. The half-life is approximately
45 min. If taken together with alcohol, the meta-
bolic pathway is altered, and the highly toxic
cocaethylene is produced.

The maximum recommended dose of cocaine
is 200 mg. Attention must be paid to the use of
cocaine for awake fiber-optic nasal intubation: as
local anesthetic toxicity is additive, the use of

cocaine 4% and lidocaine 4-10% or benzocaine
can lead to systemic toxic reaction.

Procaine

Procaine was the first synthetic local anesthetic
used clinically. Unfortunately, procaine com-
bines a short duration and limited tissue penetra-
tion. Procaine is still occasionally used for skin
infiltration (0.25-1.0%) and short duration (30—
45 min) spinal anesthesia (50-100 mg), although
discharge readiness may be slightly longer than
that seen with equipotent doses of spinal lido-
caine. The block after spinal anesthesia is shorter
compared to the block induced by lidocaine but
has a higher failure rate (inadequate sensory
block). On the other hand, less transient neuro-
logic symptoms (TNS) have been reported [10].
Procaine is ineffective when used topically and is
not reliable for epidural anesthesia. It is not rec-
ommended for peripheral block since it has a
very slow onset time paired with a short-acting
time. Procaine is metabolized in the plasma by
the cholinesterase; its elimination half-life is
approximately 8 min.

The 10% solution should be diluted to 5%
with dextrose or saline. Procaine is metabolized
to para-aminobenzoic acid (PABA), which can
be associated with allergic reactions.

2-Chloroprocaine
Compared to procaine, it has a more rapid onset
and slightly longer duration of action. The princi-
pal uses of chloroprocaine are in obstetrics and
ambulatory anesthesia. It has rapid onset when
used for epidural anesthesia and is therefore fre-
quently chosen for urgent forceps or Cesarean
deliveries. In the 2-3% concentrations, it is also
used for spinal anesthesia and peripheral blocks.
Like other ester local anesthetics, chloroprocaine
is rapidly metabolized by plasma cholinesterase,
and with a duration of action between 30 and
60 min, it is a good drug for outpatient proce-
dures. Since serum half-life is approximately
40 s, fetal accumulation and systemic toxicity, in
general, are extremely unlikely.

The preservative-free solution should be used
for central neuraxial blocks because of the con-
cern regarding potential neurotoxicity.
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Tetracaine

Tetracaine is the longest-acting ester local anes-
thetic. It is used in spinal and ophthalmic anes-
thesia and is occasionally used for topical airway
anesthesia. The latter application has declined
with the recognition that tetracaine has a narrow
margin between therapeutic and toxic doses that
may lead to serious systemic toxicity after muco-
sal application. Metabolism is slower compared
to procaine; therefore, the risk of systemic toxic-
ity is greater.

Tetracaine is less chemically stable compared
to lidocaine and bupivacaine. This instability
may result in an occasional failed spinal anes-
thetic due to degradation of the local anesthetic
during storage.

Benzocaine

Benzocaine was the first developed but not the
first clinically used synthetic local anesthetic.
Because of its low pK, (3.5), it only exists in the
uncharged form at physiologic pH, and it is
hardly soluble in aqueous solutions.

Therefore, it is exclusively used as a topical
spray or troche for mucous membranes or for
topical application (cream and gel) for dermal
hypesthesia.

Methemoglobinemia seems to be observed
more frequently when benzocaine is used. This
high risk and the difficulty of proper dosage
(cream and spray) increase benzocaine potential
risk for toxicity.

Amide Local Anesthetics

Lidocaine
Lidocaine is the most widely used local anes-
thetic. It combines significant potency, fast onset,
intermediate duration, good tissue penetration,
and minimal cardiac toxicity. Lidocaine is widely
used for infiltration (1-2%), intravenous regional
anesthesia (0.5%), peripheral nerve blocks (1 and
1.5%), topical airway (4%), spinal anesthesia
(0.2-5%), and epidural anesthesia (2%). It pro-
duces moderate vasodilation. The allergic
potency is very low.

Lidocaine 5% has been implicated in the
occurrence of cauda equina syndrome with the

use of small-diameter microcatheters for continu-
ous spinal anesthesia. Spinal microcatheters have
since then been withdrawn from the US market.
Single-shot spinal anesthesia can be associated
with TNS, the etiology of which is uncertain [11,
12].

Mepivacaine

Mepivacaine has similar pharmacokinetic profile
to lidocaine, with slightly longer duration and
better tissue penetration. Chemically, it is a cyclic
tertiary amine-like bupivacaine and ropivacaine.
It is used primarily for intermediate-duration
infiltration and peripheral, epidural, and spinal
nerve blocks in Europe. It has a mild vasocon-
stricting effect which may be responsible for its
longer duration compared to lidocaine.
Mepivacaine is not used anymore in obstetric epi-
dural anesthesia since this drug is poorly metabo-
lized in the fetus and neonate and may be
responsible for lower neurobehavioral score in
the first days of life [13].

Prilocaine

Prilocaine is similar to lidocaine in its clinical
profile and is widely used for intravenous regional
anesthesia outside the USA. It is the most rapidly
metabolized amide local anesthetic. Within the
USA, prilocaine was withdrawn from use follow-
ing several cases of methemoglobinemia.
Prilocaine is metabolized to nitro- and ortho-
toluidine, which can oxidize hemoglobin to met-
hemoglobin.  Prilocaine is mainly used
commercially in topical eutectic mixture of local
anesthetics (EMLA) cream, as well as in propri-
etary mixtures of local anesthetics specifically
marketed for airway anesthesia. Significant met-
hemoglobinemia has been reported in both of
these applications.

Articaine

A structural local anesthetic that has a five-
membered-thiophene ring instead of a benzene
ring as its hydrophobic tail, articaine 4% is used
only as dental local anesthetic and is the second
most used local anesthetic for dentistry in the
USA since its introduction in 2000. It is popular
due to its rapid onset and long duration with a
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low risk of allergy risk despite its ester side chain
attached to the thiophene ring.

Bupivacaine

Bupivacaine was the first long-acting amide
local anesthetic. Chemical structure makes
bupivacaine significantly more hydrophobic
than mepivacaine and lidocaine, slower in onset
but of longer duration. Bupivacaine is highly
protein bound, which is consistent with long
duration and potential for cardiotoxicity.
Indeed, the -cardiotoxicity of bupivacaine
prompted the development of ropivacaine and
L-bupivacaine. Bupivacaine is popular for use
in a wide array of applications, including infil-
tration (0.25%), peripheral nerve blocks (0.25—
0.5%), and spinal (0.5 and 0.75%) and epidural
(0.125 and 0.5%) anesthesia. Because of sys-
temic toxicity, it is not used for IV regional
anesthesia.

Bupivacaine has a lower therapeutic index,
concerning cardiovascular toxicity compared to
lidocaine. Bupivacaine is more slowly absorbed
into plasma than lidocaine and produces plasma
peak concentrations that are approximately 40%
lower.

Clinically used concentrations of bupivacaine
vary from 0.05% (epidural continuous infusions
for labor analgesia and acute pain management)
to 0.5% (spinal anesthesia and peripheral nerve
blocks). Peripheral nerve blocks provide sensory
block for 4-12 h, sometimes up to 24 h.

The 0.75% concentration is specifically con-
traindicated for obstetric epidural anesthesia due
to concerns about cardiotoxicity. Contemporary
epidural anesthesia incorporates the use of multi-
hole catheters, test dosing regimens, incremental
dosing, and low concentrations of local anes-
thetic via continuous infusion.

Levobupivacaine

Levobupivacaine is the levorotatory enantiomer
of bupivacaine. Commercial bupivacaine is a
racemic mixture of both enantiomers (R and S).
Levobupivacaine is approximately equivalent to
its racemic mixture for its use in regional anes-
thesia. Cardiac toxicity and CNS studies in ani-
mals and healthy volunteers indicated that

levobupivacaine is approximately 35% less car-
diotoxic compared to racemic bupivacaine [14,
15]. Levobupivacaine is used in the same concen-
trations, doses, and applications as racemic
bupivacaine.

Ropivacaine

Ropivacaine is derived from mepivacaine.
Ropivacaine is a long-acting amide local anes-
thetic which is supplied commercially like
levobupivacaine as a single enantiomer. It is
available as 0.2, 0.5, 0.75, and 1% solution.

This drug was specifically designed and for-
mulated to minimize cardiotoxicity [16, 17]. At
higher concentration (anesthetic), its potency is
equivalent to that of bupivacaine [18]. At lower
concentration (analgesic), ropivacaine was
shown to be 40% less potent than bupivacaine
[19]. The clinical experience for peripheral
blocks shows that at equivalent doses, ropiva-
caine and bupivacaine produce similar onset and
quality of block, but it can be stated that bupiva-
caine has a significantly longer duration.
Ropivacaine is primarily used in epidural anes-
thesia/analgesia and peripheral nerve block
applications. Ropivacaine appears to be approxi-
mately 40% less cardiotoxic as compared to
racemic bupivacaine in animal models [16].
Ropivacaine produces vasoconstriction at clini-
cally used concentrations for peripheral nerve
blocks explaining the little advantage of adding
epinephrine to additionally prolong peripheral
nerve block or epidural analgesia [20].

Adjuvants

In the last 20 years, a number of randomized
controlled trials and meta-analyses have exam-
ined the pros and cons of the use of various indi-
vidual adjuvants thought to potentially enhance
local anesthetic peripheral nerve or neuraxial
blockade [21]. Moreover, recent animal safety
and clinical observational work have introduced
the concept of “multimodal perineural analge-
sia,” whereby multiple agents with differing
mechanisms of action are used with the goal of
providing perineural analgesia while avoiding
exposure to high and potentially toxic levels of
individual agents [22].
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Sodium Bicarbonate

Theoretically, sodium bicarbonate could fasten
the onset time. However, results were not con-
vincing, and actually, the practice of mixing
sodium bicarbonate with local anesthetics is
rarely used.

Hyaluronidase

It is used as adjuvant to local anesthetics to break-
down connective tissue in the extracellular matrix
and thereby increase drug dispersion through tis-
sue. Except for peribulbar block (sub-Tenon’s
block), it has been abandoned. Allergic reactions
have also been described in this setting.

Vasoconstrictors

Adding epinephrine leads to vasoconstriction
and thereby local blood flow and drug clearance
are decreased. This prolongs block duration and
decreases local anesthetic plasma concentration
following spinal, epidural, and peripheral nerve
blocks [23]. Lower peak plasma concentration
decreases the risk for toxicity. However, epi-
nephrine does not provide protection if acciden-
tal intravascular local anesthetic injection
occurs [24].

Alpha-2-Adrenergic Agonists

Alpha-2-adrenergic agonists like clonidine and
dexmedetomidine are analgesic drugs in their
own right and have been shown to inhibit both C
fibers and A fibers and to modestly inhibit local
anesthetic clearance [25, 26]. When added to
local anesthetics, clonidine prolongs sensory
block during peripheral, central neuraxial, and
intravenous regional anesthesia to a degree
comparable to that produced by epinephrine.
However, unlike epinephrine, clonidine does
not prolong motor block when administered
orally, as well as when added to the intrathecal
local anesthetic [27]. Significant side effects

have been described with the use of clonidine in
the adult population, including arterial hypoten-
sion, orthostatic hypotension, bradycardia, and
sedation [28].

Dexmedetomidine has been used since 2004
as an adjunct to peripheral or neuraxial analgesia.
Multiple randomized controlled trials and meta-
analyses have been conducted to examine its
effectiveness as a peripheral nerve block additive.
Abdallah et al. recently published a meta-analysis
that examined four studies of dexmedetomidine
as an additive for brachial plexus blocks [29].
This analysis found that dexmedetomidine sig-
nificantly prolonged mean motor block by
268 min and time to first analgesic by 345 min.
However, the mean sensory block prolongation
of 284 min was not statistically significant. Two
more recent studies have shown that the addition
of dexmedetomidine to bupivacaine supraclavic-
ular blocks and ropivacaine interscalene blocks
prolonged the duration of the blocks by approxi-
mately 8 h [30] and 4 h, respectively [31].

The bulk of published data supports the effi-
cacy of dexmedetomidine for peripheral nerve
block prolongation of approximately 200 min at
doses around 1 pg/kg, and it appears to be a via-
ble option as an additive to ropivacaine or bupiva-
caine. Attention needs to be paid to the potential
for bradycardia and hypotension with this
medication.

A recent meta-analysis has shown that, com-
pared with the control treatment, epidural dex-
medetomidine administration prolonged the
duration of analgesia, reduced the time to sen-
sory block, decreased the requirement for rescue
analgesia, and achieved a significantly higher
sedation score [32].

Opioids

When added to short-duration local anesthetics
used for spinal anesthesia, short-acting opioids
(fentanyl and sufentanil) prolong and intensify
sensory block without prolonging motor block or
time to void, which is particularly advantageous
for ambulatory spinal anesthesia [33]. However,
postanesthesia nausea and vomiting and itching
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can be a problem [34]. When added to local anes-
thetics or peripheral nerve block, fentanyl has
also been shown to prolong sensory block, but at
the expense for significantly slowing onset in
some studies [35].

When added to intrathecal local anesthetics,
the peak plasma concentrations for sufentanil
occur between 20 and 30 min and are greater than
what is necessary for postoperative analgesia
[17]. This explains the many reports of “early”
respiratory depression in mothers [18] and fetal
heart rate abnormalities in infants when sufent-
anil is added to intrathecal local anesthetics for
labor analgesia or Cesarean section [36].

Perineural buprenorphine has consistently
shown the ability to prolong peripheral nerve
blocks with no reported increase in side effects or
clinical toxicity and may be considered a useful
adjuvant for block prolongation. It should be
noted, however, that in studies of isolated rat pri-
mary sensory neurons, high-concentration
buprenorphine exposure for 24 h results in sig-
nificant cell death [37]. Further laboratory analy-
sis of neuronal exposure to clinically relevant
concentrations of buprenorphine in isolation and
in combination with local anesthetics and other
perineural analgesic adjuvants is warranted.

Dexamethasone

Recent studies have shown safety and efficacy of
dexamethasone as an adjuvant for peripheral
nerve blockade. Dexamethasone prolongs both
sensory blockade and motor blockade, with the
latter somewhat limiting its clinical applications
in the outpatient setting or when early rehabilita-
tion programs are implemented.

Dexamethasone prolongs brachial plexus
block with both intermediate (168-343 min)-
and long-acting local anesthetics (730-
1306 min). There is conflicting information
regarding dosing, given certain randomized con-
trolled trials describe equivalence when utilizing
high doses of systemic and perineural adminis-
tration of dexamethasone; however, low doses of
perineural dexamethasone (1-2 mg) appear to
prolong nerve block duration compared to equiv-

alent or higher doses of IV dexamethasone
(4 mg). Further studies need to look at the effi-
cacy of low perineural doses of dexamethasone
to determine if less may be preferable to mini-
mize toxicity and systemic effects. Supra-clinical
doses of dexamethasone have demonstrated neu-
rotoxicity in in vitro animal models; however,
recent in vivo animal safety models show no
adverse event levels and potential neuroprotec-
tion and antihyperalgesic effects with clinically
relevant dosing [38].

Depot Local Anesthetic
Preparations

Depot preparations of local anesthetics are being
investigated because they might allow prolong
the action of local anesthetics to the point of
decreasing the need for nerve catheters and
pumps.

Gels, polymer microspheres, liposomes, and oil-
water emulsions have been studied in animal mod-
els to produce long-acting anesthetic blocks [39].
The most studied formulation is liposome-
encapsulated bupivacaine. To date, clinical evidence
shows promising results for total knee arthroplasty,
bunionectomy, and hemorrhoidectomy.

In a recent meta-analysis, liposomal bupiva-
caine infiltration has been shown to provide
similar postoperative pain relief to femoral
nerve block following total knee arthroplasty. In
addition, liposomal bupivacaine infiltration
could significantly reduce the consumption of
morphine equivalents compared to femoral
nerve block without an increased risk of adverse
events [40].

Complications of Regional
Anesthesia

Introduction

Overall incidence of neuropathy after peripheral
nerve block varies from 0 to >5%. Studies which
used closed claims databases ranked neuropathy
at the second place, with 16% of all claims [41].
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In a prospective French study, incidence of major
neurologic adverse reactions was estimated at
3.5/10,000 [42]. Peripheral nerve damages fol-
lowing either spinal anesthesia or peripheral
nerve blockades represented >50% of severe
adverse reactions in this investigation.

Permanent injuries after regional anesthesia
are rare [43—45]. Most surveys with large cohorts
are retrospective [46, 47] or related to closed
claims analysis [48, 49]. Few studies are prospec-
tive but focus on specific adverse reactions induc-
ing limitation in their interpretation [42, 50, 51].

The largest recent clinical study was a volun-
tary reporting model used in France [42]. Data of
158,083 different blocks from 487 anesthesiolo-
gists were collected and analyzed. The incidence
of serious complications such as central or
peripheral nerve injury, seizure, death, etc. was
described as 3.5/10,000 blocks. The risk of deaths
was shown to be 1/400,000 regional blocks. All
but one occurred during spinal anesthesia.

It can be concluded that the incidence of
severe complications of regional anesthesia is
similar to the one observed after general
anesthesia.

Systemic Toxicity
Systemic toxicity is a significant and poten-

tially dangerous problem [52]. Beside a local
toxicity, an increase of the local anesthetic

N

plasma concentration may lead to systemic tox-
icity, mainly neurologic and cardiovascular
ones. Such an increase in local anesthetic plas-
matic concentration may be related to inadver-
tent intravascular injection with a consecutive
sudden plasmatic peak of concentration. The
most frequent cause of systemic toxicity is
related to a high and rapid resorption of local
anesthetics  through perinervous vessels.
Toxicity occurs first in the CNS and then in the
cardiovascular system (Fig. 5.3).

Toxicity

The incidence of seizures varies between 0.2 and
1/1000 cases and according to the anesthetic
regional procedure [53, 54]. The clinical mani-
festation largely depends on the velocity of
plasma concentration increment: a slow increase
shows clear and reproducible series of typical
CNS signs and symptoms. A rapid increase leads
to generalized seizures as first clinical
manifestation.

Sedatives and hypnotics such as propofol,
benzodiazepines, and barbiturates raise seizure
threshold and help protecting the CNS [55, 56].

The therapeutic to CNS toxicity ratio is for all
local anesthetics, the same indicating that none of
them are more or less propense to cause
seizures.

The prevention and the treatment of CNS tox-
icity should be done according to published rec-
ommendations [57, 58].

Direct cardiac depression
cardiac arrest
hypotension
ischemia
AV-dissociation
arrhythmia, bradycardia

Stage of CNS-Depression
Coma, Apnea, Depression, Hyoptonsion

ECG-widening
low output

Convulsive Stage
General, tonic-clonic Seizures

Indirect cardiac depression
hypertension, tachycardia, arrhythmia

LA-Concentration

Fig.5.3 Signs and
symptoms of local
anesthetic toxicity

Preconvulsive Stage
Tremor, Tinnitus, Nystagmus, clouding
of consciousness

First Stage
Numbness, metalic flavour, dysgeusea
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Cardiac Toxicity

Estimated incidence of cardiac arrest related to
local anesthetics varies between 1.8 and

3.1/10,000 cases [53, 59].

High plasma concentration of local anesthet-
ics is needed to cause significant cardiovascular
toxicity. This may occur, when the local anes-
thetic is injected intravenously, but a quick resus-
citation is also possible. The therapeutic/
cardiotoxic ratio is lower for hydrophobic local
anesthetics (bupivacaine) compared to hydro-
philic local anesthetics. Hydrophilic local anes-
thetics dissociate only after a greater amount of
time from their binding sites; therefore, Na*
channels are blocked when the next depolariza-
tion arrives. Cardiac toxicity can manifest as
either malignant dysrhythmias (ventricular fibril-
lation), pulseless electrical activity, or asystole
[24, 55, 60].

Cardiac toxicity should be prevented [58], but
in case of patients experiencing signs or symp-
toms of local anesthetic systemic toxicity
(LAST), treatment should be done according to
the ASRA guidelines 2010 [57, 61].

Often, the doses of epinephrine in this setting
are higher [24, 55, 60, 62]. Intralipid seems to be
effective mainly in case of bupivacaine toxicity.
A review about models and mechanisms of local
anesthetic cardiac toxicity and a review of clini-
cal presentations of local anesthetic systemic tox-
icity over the last 30 years have recently been
published [63, 64].

Prevention of Toxicity

Toxicity depends on total dose of local anesthetic
injected, type of local anesthetic, speed and site
of injection, combination with adjuncts, patient’s
medical history, and concomitant use of other
drugs leading to dangerous interactions, particu-
larly with drugs presenting a hepatic metabolism
action (hepatic blood flow modification, cyto-
chrome P450 action, etc.). Interactions have been
described among local anesthetics and -blockers,
amiodarone, cimetidine, and volatile agents [65—
69]. Calculation of the optimal dose taking into
account patient’s age, pharmacokinetic and phar-
macodynamic interactions with concomitant dis-
ease, and other drugs could be probably useful

[70]. Development of nerve localization by ultra-
sonographic technique is thought to help reach-
ing such objectives by limiting the volume of
local anesthetic needed to block nerves [71].
However, clinical practice has shown that such a
technique cannot always prevent intravascular
injection or quick reabsorption [72].

A summary of strategies of prevention of local
anesthetic systemic toxicity (LAST) has been
recently published [58].

Local Tissue Toxicity

Nerve Injury/Transient Neurologic
Syndrome

Direct nerve injury (Table 5.4) from local anes-
thetic is receiving increased scrutiny, particularly
with regard to spinal anesthesia [73, 74]. Toxicity
can result from either local anesthetics them-
selves or from additives, preservatives, antisep-
tics, or the pH of the formulations. The
mechanism of local anesthetic-induced neurotox-
icity is multifactorial [75, 76]. Direct nerve injury
is evident when isolated nerves are exposed to
high concentration of local anesthetics, particu-
larly lidocaine and tetracaine. Local anesthetics
also change the biologic milieu surrounding neu-
rons, including localized changes in prostaglan-

Table 5.4 Classification of nerve injuries

Seddon

Neurapraxia Myelin damage, conduction block

(Sunderland 1)

Axonotmesis Loss of axonal continuity,

(Sunderland 2) endoneurium intact, no conduction

Neurotmesis Loss of axonal and endoneurial

(Sunderland 3) continuity, perineurium intact, no
conduction

(Sunderland 4) Loss of axonal, endoneurial and
perineurial continuity, epineurium
intact, no conduction

(Sunderland 5) Entire nerve trunk separated; no
conduction

Based on data from Seddon H, Three types of nerve
injury. Brain 1943;66:236—88; Sunderland S: A classifica-
tion of peripheral nerve injuries producing loss of func-
tion. Brain 1951;74:491-516; and Lundborg G. Nerve
injury and repair. Churchill Livingstone; 1988



5 Local Anesthetics and Adjuvants

97

din production, ionic permeability, and neural
blood flow.

Compared with bupivacaine, lidocaine has a
significantly greater potential for direct neuro-
toxicity, particularly when isolated nerves are
exposed to high concentrations of lidocaine
over long periods of time. Hyperbaric 5% lido-
caine and tetracaine have been associated with
cauda equina syndrome after continuous spinal
anesthesia. In these cases, spinal microcathe-
ters were used to administer supernormal doses
(up to 300 mg) of hyperbaric 5% lidocaine.
Because spinal microcatheters (25-32 gauge)
greatly limit the speed of drug administration,
high doses of local anesthetics presumably
pooled near the catheter tip. As a result of the
lordotic lumbar spine curvature, higher concen-
tration of lidocaine remained in the lumbosa-
cral cistern [75, 76].

Single-shot spinal anesthesia can cause tran-
sient pain, known as transient neurologic syn-
drome (TNS), which manifests as back and
posterior leg discomfort with radicular symptoms
lasting 1-3 days after spinal anesthesia. The eti-
ology of TNS is unclear, but some have specu-
lated that this syndrome represents a form of
neurotoxicity. Transient neurologic symptoms
occur more frequently with lidocaine than bupi-
vacaine, which may relate to lidocaine’s greater
neurotoxicity in isolated nerve preparations [49,
77-80]. Additionally, several risk factors (lido-
caine, lithotomy position, outpatient surgery,
arthroscopic knee surgery, and obesity) for devel-
oping TNS have been identified [77, 78].

Needle Trauma

Recent ultrasonographic data have shown that
injections between epineurium and perineurium
did not produce significant neural injury [81]. If
injection pressure is low (less than 12 psi), intra-
neural injection does not necessarily result in
permanent injury but can lead to severe injury if
pressures are high [82].

Studies over the last years have demonstrated
that the correlation between needle-nerve prox-
imity and the current necessary to elicit a motor
response is poor and not always reliable, despite
the high success rate of neurostimulation and its

low complication rate [83, 84]. Moreover, also
eliciting paresthesia has surprisingly poor corre-
lation with nerve proximity [85, 86]. Case reports
of intraneural, intravasal, and other complica-
tions despite the use of ultrasound have shown
that also this promising technique does not guar-
antee a complete visualization of the targeted
nerve to avoid further complications [87]. The
best way to avoid needle-induced nerve trauma is
to avoid long-bevel needle and perpendicular
needle approaches to the nerve.

Clinical symptomatology of perimedullar
complication following central nervous block is
variable. Spinal cord injury can occur even when
a patient did not complain of any paresthesia dur-
ing puncture [88, 89]. Different risk factors have
been identified to explain the occurrence of this
complication [73]. Epidural hematoma can cause
paraplegia following neuraxial anesthesia in
patients concomitantly anticoagulated with low-
molecular-weight heparin. Other causes of neural
injury include positioning injuries, surgical
trauma, and injuries related to the use of a limb
tourniquet.

Guidelines on management of such complica-
tions following both central and peripheral nerve
blocks have been published in 2010 by the
American Society of Regional Anesthesia [73].
Decision-making algorithms have been proposed
to help the clinician in case of neuropathy occur-
rence [76, 90] (Fig. 5.4).

Myotoxicity
Skeletal muscle toxicity is a rare and uncommon
side effect of local anesthetic drugs. Intramuscular
injections of these agents regularly result in
reversible myonecrosis [91]. The extent of mus-
cle damage is dose dependent and worsens with
serial or continuous administration. This problem
is probably underestimated as incidence of symp-
tomatic clinical forms is unknown. Experimental
studies have concluded that all LA cause muscu-
lar damages with concentration use in daily prac-
tice. The extent of such damage depends on
pharmacologic properties of each local anes-
thetic, dose injected, and site of injection [92].
Animal studies in pigs showed lower mean
damage score in muscles exposed to ropivacaine
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Fig.5.4 Algorithm
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compared to exposure to bupivacaine [93, 94].
Stereospecificity of the drug seems also to play
an important role in Ca®* metabolism, which has
been shown to be important in myotoxicity [95].
First reports of muscular dysfunction were
related to retrobulbar injection of local
anesthetics.

Bupivacaine seems to be the most toxic local
anesthetic. Phenomena of apoptosis have been
described only with bupivacaine but not with
other LA [94, 96]. Interactions with the Ca**
metabolism seem to be a key pathway and
explain most damage [95, 97]. Also, changes in
the mitochondrial metabolism induced by local
anesthetics have been reported [96, 98, 99].
These effects are less pronounced with ropiva-
caine, a less lipophilic local anesthetic, com-
pared with bupivacaine on heart cell preparation
[100], but this was not shown in rat psoas muscle
[101]. A recent study has concluded that mito-
chondrial bioenergetic alterations with bupiva-
caine were more severe in young rats compared
to adults [102].

Chondrotoxicity
Complications from the use of pain pumps in ortho-
pedic surgery have recently received considerable

interest. Human and animal studies have reported
on the chondrotoxicity of intra-articular application
of bupivacaine [103—105]. Postarthroscopic gleno-
humeral chondrolysis is a noninfectious entity asso-
ciated with factors including the wuse of
radiofrequency tumoral instruments and intra-artic-
ular pain pumps that administer bupivacaine [106].
Also, the viability of bovine articular chondrocytes
after exposure to corticosteroids alone or with lido-
caine in a simulated inflammatory environment was
assessed. The results showed a dose-dependent and
time-dependent decrease in chondrocyte viability
after exposure to methylprednisolone. The combi-
nation with lidocaine was toxic, with virtually no
cells surviving the treatment [107]. Continuous
0.5% bupivacaine exposure was shown to have a
clear detrimental effect on chondrocytes in an
in vitro model [108]. There is a growing amount of
evidence that intra-articular administration of bupi-
vacaine is chondrotoxic, especially at a higher con-
centration and with a prolonged exposure.
Bupivacaine (0.5%), ropivacaine (0.75%), and
mepivacaine (2%) have been shown to be chon-
drotoxic in vitro in a time-dependent,
concentration-dependent, and drug-dependent
manner [109]. However, exposure to concentra-
tions up to 0.25% of bupivacaine, 0.5% of ropi-
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vacaine, and 0.5% of mepivacaine did not reveal
significant chondrotoxicity in flow cytometry. In
the same study, cellular death rates were higher in
osteoarthritic compared with intact cartilage after
local anesthetic treatment. More studies are
needed to clarify this issue.

Allergy

Allergic reactions may occur from preservatives
added to some local anesthetics (sulfites and
methylparaben). Actual allergic reactions to local
anesthetics are quite rare, but are more common
with ester local anesthetics compared to amides
[110]. This is likely due to the breakdown prod-
ucts of ester local anesthetics, such as
PABA. There are only a few convincing reports
of allergic reactions to preservative-free amide
local anesthetics.

If there is a history suggestive of true allergy, it
may be worthwhile to perform allergy testing to
preservative-free local anesthetics. Measurement
of plasma esterase, which is increased in the event
of “true” allergy, is useful. Skin testing is often
performed to prospectively identify patients with
local anesthetic allergy [111].

Bleeding Complications

This issue deals mainly with neuraxial blocks.
Epidural (1:150,000 cases) or intrathecal
(1:200,000 cases) hematomas can cause devastat-
ing neurologic injury. The increased use of anti-
thrombotic prophylaxis has increased this risk
after epidural/spinal anesthesia to 1:1000-
1:10,000. In 2010 the ASRA has reviewed the
risks attendant to performance of regional blocks
in the anticoagulated patient and refreshed its
guidelines [112, 113] which are also to be found
in their website (www.asra.com). Patients may
develop sensory changes, progressive weakness,
and/or back pain. Confirmatory diagnosis with
neuraxial imaging (CT and MRI) must be
obtained in conjunction with immediate neuro-
surgical consultation. If more than 8 h pass
between symptom onset and decompression, the

likelihood of a full or partial recovery decreases
dramatically.

latrogenic Coagulopathy

In fully anticoagulated patients (heparin and couma-
din), epidural and spinal anesthesia should be avoided
unless clear benefit outweighs the added risks.

As mentioned above, the ASRA has pub-
lished guidelines for regional anesthesia in the
patient receiving antithrombotic or thrombo-
lytic therapy [112].

Infection

Infection is a rare complication in regional anes-
thesia. Risk factors are indwelling catheters left
in place for more than 5 days, immunocompro-
mised patients, catheters in trauma patients, and
lack of perioperative antibiotics [43].

Peripheral Nerve Blocks

Single-shot peripheral nerve blocks have a low
risk of infection. The risk of colonization and
infection increases when indwelling catheters are
used. Despite the high colonization rate (70%,
primarily Staphylococcus epidermidis), clinical
evidence of infection is uncommon: less than 3%.

Central Neuraxial Blocks

Single-shot spinal and epidural anesthesia have a
low risk of infection, but this risk seems to be
higher than for peripheral nerve blocks. The inci-
dence of meningitis after spinal anesthesia is
estimated at less than 1:40,000; the risk of abscess
after epidural anesthesia is less than 1:10,000 (Lit
2). Risk factors are the use of indwelling cathe-
ters and bacteremia [114].

Clinical Pearls

e Nerve-blocking potency of local anesthetics
increases with increasing molecular weight
and lipid solubility [115].

e The effectiveness of local anesthetics is influ-
enced by the dose, site of administration, addi-
tives, temperature, and pregnancy [115].
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The plasma concentrations of local anesthet-
ics are depending on the injection technique,
place of injection, and addition of adjuvants to
local anesthetics [115].

In laboratory experiments, most local anes-
thetics will only produce cardiovascular tox-
icity after the blood concentration has
exceeded three times that necessary to pro-
duce seizures [63].

True allergic reactions to preservative-free
amide-type local anesthetics are rare [110].
True anaphylaxis is more common with ester
local anesthetics that are metabolized directly
to PABA than to amide local anesthetics [110].
Some patients may react to preservatives, such
as methylparaben, used in local anesthetics.
In contrast to other shorter-acting amide local
anesthetics, bupivacaine, levobupivacaine,
and ropivacaine have a motor-sparing effect;
they produce less motor block for a compara-
ble degree of sensory analgesia.

It is well accepted that lipid solubility usually
goes hand in hand with local anesthetic
potency. All things being equal, greater lipid
solubility is related to increasing length of the
aliphatic chain on the amino ring.
Intraepidurally administered opioids reduce
intraoperative requirements for volatile anes-
thetics significantly more compared to their
intravenous administration. This proves site-
specific action in the epidural space.
Exceeding a total dose of 0.25 mg of epineph-
rine may be associated with cardiac
arrhythmias.

Adding epinephrine to spinal anesthetics will
prolong motor blockade and delay the return
of bladder function, thus preventing patients
from achieving discharge criteria.

When clonidine is used in combination with
opiates, the analgesic effects are additive, but
not synergistic. Patients require a smaller total
dose of narcotics and have a decreased inci-
dence of oxygen desaturation with equivalent
analgesia.

Generally, the bigger the size of the nerve
fibers, the greater the amount of local anes-
thetic solution required to block conduction.
Thus, fibers of small size are blocked sooner

than those of larger diameter. The B fibers of
the autonomic system constitute an exception
of this rule: even though they are myelinated
fibers, a minimum concentration of local anes-
thetic solution is required to produce an effec-
tive blockade. This explains why the
sympathetic blockade is observed before the
onset of sensory or motor blockade.

The onset time of local anesthetic is influ-
enced by the molecules pK, (the higher the
pK,, the slower the onset time of the nerve
block in a physiologic environment) and dif-
fusibility [115].

The ability to cross cell membrane depends on
the molecular weight and the liposolubility of
the molecule.

The nonionized form of the molecule is more
lipid soluble than the ionized one; therefore, it
can cross more readily the cell membrane but
diffuses less easily.

The duration of the action of local anesthetic
solutions depends on the protein binding as
well as the clearance from the injection site.
The closer the pK, of local anesthetic is to
physiologic pH, the shorter the onset time of
the nerve block [115].

Increasing the lipophilicity of local anesthetic
increases its potency and toxicity, whereas
protein binding is proportional to the duration
of action of the local anesthetic.
Sensory-motor differentiation is based on the dif-
ferent sizes and myelinization of the nerve fibers
involved in pain conduction (A8 and C) as com-
pared to those involved in motor function (Ac).
Postoperative maintenance is best performed
with low concentration of a long-acting agent,
like 0.2% ropivacaine and 0.125-0.2%
levobupivacaine.

Local toxicity with neurotoxicity primarily
occurs in cases of intraneural injection rather
than normal applications of clinically relevant
concentrations of local anesthetics [116].

To decrease the risk of nerve injury, utmost
care should be taken during nerve localiza-
tion; excessively high concentrations of local
anesthetic and high injection pressures should
be avoided [116].
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e The larger the fascicle, the greater is the risk of
accidental intraneural injection because large
fascicles are easily speared by the needle.

* Injections into epineurium or perineural tissue
do not result in significant injection resistance.

*  When injection is difficult (injection pressures
>20 psi), the injection should be stopped
because of the risk of intraneural needle posi-
tion [116].

e Itis suggested that nerve stimulation with cur-
rent intensity of 0.2—-0.5 mA (0.1 ms) indicates
close needle-nerve placement [117].

e Stimulation with current intensity of <0.2 mA
may be associated with intraneural needle
placement.

* Motor response to nerve stimulation may be
absent even when the needle is inserted intra-
neurally [81].

Review Questions

1. Which of the following statements is correct
regarding the perioperative use of intravenous
lidocaine infusions?

(a) They decrease pain beyond the duration
of the infusion.

(b) They have no effect on the duration of
hospitalization.

(c) Delay gastrointestinal motility.

(d) None of the above.

2. Which of the following is true regarding local
anesthetics?

(a) Block voltage-gated sodium channels,
potassium  channels, and calcium
channels.

(b) Have anti-inflammatory properties.

(c) There is in vitro evidence that they may
have antimetastatic properties.

(d) All of the above.

3. Adjuvants commonly used to enhance local
anesthetic peripheral or neuraxial blockade
include all of the following except:

(a) Alpha-2-adrenergic agonists

(b) Opioids

(c) Dexamethasone

(d) Neostigmine

4. Amide local anesthetics include all of the fol-
lowing except:
(a) Lidocaine
(b) Procaine
(c) Ropivacaine
(d) Prilocaine

Answers

1. a

2.d
3.d
4. b
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Monitoring and Sedation
in Regional Anesthesia

James Kim and Jeff Gadsden

Introduction

General anesthesia has become increasingly safe
over the last two decades, largely due to improve-
ments in monitoring such as pulse oximetry and
capnography [1]. These technologies, which
allow for early detection of potentially cata-
strophic adverse events such as esophageal intu-
bation, have aided in dramatically reducing
anesthetic morbidity and mortality since the early
1980s [2, 3].

Regional anesthesia carries its own set of
potential complications, principally nerve injury,
systemic local anesthetic toxicity, and needle
misadventure (e.g., pneumothorax or arterial
puncture). In general, the morbidity and mortal-
ity related to these adverse events are both less
common and less severe than those associated
with airway disasters, but catastrophic outcomes
still occur [4]. There are a variety of monitors
that are utilized during the performance of
peripheral nerve block in order to avoid such
complications, although their routine use varies
greatly. In general, the adoption of consistent,
objective monitoring to prevent injury during
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regional anesthesia has lagged behind monitoring
efforts during general anesthesia. This chapter
will focus on the basic setup that should be
employed during each and every regional anes-
thetic and the evidence base that supports the use
of existing monitors. Since effective and judi-
cious use of sedation is one of the keys to per-
forming safe regional anesthetic techniques, a
practical approach to sedation will also be
covered.

Basic Setup

One of the principal means of avoiding adverse
outcomes is to maintain consistency in safe prac-
tice: by using the same monitors routinely for
every regional anesthetic, the likelihood of a
physiologic derangement going undetected
because a monitor was forgotten is minimized.
Regional anesthesia is frequently performed
in locations outside the operating room (i.e., the
preoperative holding area, the labor room, or the
postanesthesia care unit), but the same standards
and monitors should be applied.

The use of standard monitors such as pulse
oximetry, electrocardiography, and arterial blood
pressure measurement are routinely recom-
mended for any type of anesthetic (regional or
general). Except in the obstetric population,
neuraxial and peripheral nerve blocks are usually
performed under some degree of sedation, both
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Fig. 6.1 Basic monitors
and equipment required
for regional anesthesia
procedures. Note
monitor displaying
electrocardiography,
pulse oximetry, and
noninvasive blood
pressure, as well as
immediate availability of
wall suction, bag-valve-
mask, and emergency
drugs

for patient comfort and to raise the threshold for
local anesthetic-induced seizures. As such, moni-
toring of oxygenation and ventilation is critical in
order to detect hypoventilation, airway obstruc-
tion, and/or hypoxemia from excessive sedation.
Pulse oximetry and frequent verbal contact with
the patient are often sufficient to ensure adequate
gas exchange; however, many centers employ
capnography during peripheral nerve blockade in
order to have a graphical representation of respi-
ratory rate and guard against apnea.
Supplemental oxygen should also be adminis-
tered, either by face mask or nasal cannulae.
Hypoxia has been shown to potentiate the nega-
tive chronotropic and inotropic effects of both
lidocaine and bupivacaine, worsening the hemo-
dynamic status during cardiotoxicity [5].
Similarly, hypercapnia and acidosis from
hypoventilation serve to increase the free fraction
of bupivacaine in the plasma, as well as increase
cerebral blood flow, two factors that may contrib-
ute synergistically to the development of sys-
temic toxicity and seizures [6].
Electrocardiography (EKG) and blood pres-
sure monitoring are essential in monitoring for
early signs of cardiovascular systemic local
anesthetic toxicity. Cardiac toxicity from local
anesthetics typically begins with myocardial

depression followed by an increase in heart rate,
blood pressure, and contractility that coincides
with the onset of central nervous system excite-
ment. As drug concentration increases, QRS
intervals widen, and, particularly in the case of
bupivacaine, ventricular arrhythmias such as ven-
tricular tachycardia or fibrillation occur. It is
important to note that cardiac manifestations of
systemic toxicity can precede the neurologic signs
and symptoms, especially in the sedated patient,
so vigilance for early changes in heart rate, blood
pressure, and EKG morphology is vital [4]. An
example of a patient with the basic monitors
applied for regional anesthesia is illustrated in
Fig. 6.1.

A variety of resuscitation equipment and med-
ication should be immediately available during
the performance of all regional blocks in order to
facilitate rapid control of the airway, termination
of seizures, stabilization of vital signs, and treat-
ment of the cardiotoxic effects of local anesthetic-
induced systemic toxicity. This list should include
the following:

1. Self-inflating bag-valve-mask (i.e., Ambu®
bag)

2. Suction

3. An oxygen source with face mask
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4. Endotracheal
airways
5. Laryngoscope (tested and functioning)
6. Emergency drugs:
e A “sleep” dose of induction agent (e.g.,
20 mL of propofol)
e Succinylcholine
e Atropine
e A vasopressor such as ephedrine or
phenylephrine
e A 500-mL bag of intralipid for treatment of
local anesthetic systemic toxicity (this does
not necessarily have to be bedside but
should be immediately available should the
need arise to use it)

tube(s), oral, and/or nasal

Specific Monitors

Besides the standard monitoring devices that are
used for every anesthetic, regional anesthesia
demands specific techniques and equipment that
aid in preventing the three principal complica-
tions: nerve injury, local anesthetic systemic tox-
icity, and needle misadventure. The following
section outlines each of the commonly used tech-
niques and monitors.

Aspiration, Fractionation, and Speed
of Injection

Aspiration immediately before and periodically
during injection of local anesthetics appears intu-
itively to be a good practice, although there is
scant evidence showing a safety advantage. In
fact, there are multiple case reports of negative
initial aspiration through a nerve block needle,
followed by intravascular injection that was
detected by a lack of spread of injectate on
ultrasound [7, 8]. Similar cases have been
reported for epidural catheters, especially the
single-hole variety [9]. However, there is little to
be lost by aspirating frequently, and it remains a
recommended practice.

Slow, fractionated injection serves to reduce
the maximum arterial concentration (Cp,,) of
local anesthetic as shown by Mather et al. [10]. In

a sheep model, prolonging the intravenous (IV)
infusion time of 37.5 mg of levobupivacaine from
1 to 3 min reduced the C,, by approximately
40%. Constructing a simulation model based on
these data, the investigators theorized that divid-
ing a similar dose into six portions, each admin-
istered over 30 s, 1 min apart, would result in a
reduction in Cy,,, of approximately 30%. While a
6-min injection of local anesthetic for a periph-
eral nerve block may be excessive in most
patients, the principle of a slow, fractionated
injection is sound and should be considered a
standard practice.

A slow injection speed may protect against
nerve injury as well. An association with injec-
tion pressure and fascicular rupture has been
shown in large animals [11], and recent evidence
has demonstrated that the speed of injection is
directly related to the risk of generating high
pressure during femoral nerve blockade [12]. In
this study, an injection speed of 10 mL/min car-
ried a small incidence (6%) of pressure
>1000 mmHg, a threshold that has been associ-
ated with injury in rabbits and dogs. In contrast,
speeds of 20 and 30 mL/min were associated
with dangerous pressures 35 and 44% of the time,
respectively.

Intravenous Markers

Early detection of rising levels of local anesthetic
in the plasma is critical to avoiding systemic tox-
icity. Toxic symptoms can occur acutely (in the
first seconds to minutes after injection), as is the
case with an accidental intravascular needle/cath-
eter insertion, or subacutely (minutes to hours
later), which is due to gradual vascular absorp-
tion. Several studies have investigated the utility
of premonitory symptoms as a means of early
detection. Moore and colleagues found that the
sensitivity of a 1 mg/kg IV dose of lidocaine in
unpremedicated volunteers was 100% in detect-
ing early neurologic signs (e.g., tinnitus, perioral
numbness, metallic taste) [13]. However, when
given small doses of midazolam (1.5 mg) and
fentanyl (75 pg) prior to injection, the sensitivity
dropped to 60%. Similar results have been found
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with other local anesthetics including bupiva-
caine, levobupivacaine, and 2-chloroprocaine
[14, 15]. McCartney et al. found that a dose of
60 mg of ropivacaine did act as a reliable IV
marker, even when volunteers were premedicated
with 0.03 mg/kg of midazolam [16]. However,
caution should be exercised when applying these
results to clinical practice, as the use of such
doses in elderly or frail patients may precipitate
toxicity.

Epinephrine is the IV marker of choice for
most regional anesthetic injectates. Besides reli-
ably truncating the peak plasma concentration of
local anesthetic [17], it also provides reliable and
objective criteria by which to assess I'V uptake of
injectate. Guinard et al. demonstrated a 100%
sensitivity and specificity for detecting an
increase in heart rate 20 beats per minute or
greater or an increase in systolic blood pressure
15 mmHg or greater, following the IV adminis-
tration of 10-15 pg of epinephrine [18]. In the
presence of acute beta-adrenergic blockade, the
specificity of the blood pressure criterion dropped
to 88%, while the sensitivity remained 100% (the
heart rate remained 100% sensitive and specific).
However, the sensitivity of the heart rate criterion
appears reduced when patients are premedicated
with fentanyl and midazolam (but not midazolam
alone) [19]. These physiologic criteria may not
be valid in the elderly, who are resistant to the
effects of catecholamines, those under high neur-
axial anesthesia/general anesthesia who may not
mount the appropriate response, and laboring
parturients, in whom increases in heart rate and
blood pressure from labor may be misinterpreted.
In this latter group, other strategies are available.
A test dose of fentanyl 100 pg has been advo-
cated, with patient sedation constituting a posi-
tive intravenous test [20]. Another option is the
injection of 3 mL of air via the epidural catheter
while listening via the fetal heart monitor over
the mother’s precordium—if the catheter is
placed intravenously, a millwheel murmur will
be heard [21].

A third physiologic criterion that is not
affected by sedative medications is the T-wave
amplitude. In the presence of 10-15 pg of epi-
nephrine, the amplitude of the T-wave will reli-

ably decrease by 25% or more [19]. While
theoretically useful, this monitor may be some-
what impractical, as attempting to discern a 1-2-
mm T-wave flattening on a single lead while
maintaining a needle in a precise location by a
nerve may require too much attention of a single
practitioner.

Concern has been raised about the use of epi-
nephrine and vasoconstriction of small nutritive
blood vessels in the nerve, which could poten-
tially cause ischemia [22]. Epinephrine is known
to produce a dose-dependent prolongation of
neural blockade, the mechanism of which is
partly thought to be due to nerve ischemia [23].
Combination with inherently vasodilating local
anesthetics does not reverse this effect; Myers
and Heckman demonstrated that the combina-
tion of lidocaine 2% and epinephrine 5 pg/mL
reduced rat sciatic endoneurial blood flow by
78% [24]. However, more dilute concentrations
of epinephrine may be beneficial: Partridge
showed that epinephrine 2.5 pg/mL applied to
the rat sciatic nerve transiently increased neural
blood flow by 20% for several minutes, before
returning to baseline, suggesting that at reduced
concentrations, the beta-adrenergic effects may
predominate [25]. An ideal test dose might there-
fore be 6 mL of a local anesthetic solution
containing 2.5 pg/mL (15 pg) of epinephrine.
Our institutional practice is to use this dose
(2.5 pg/mL or 1:400,000) in almost every block
(an exception might be made for those blocks
where miniscule volumes of local anes-
thetic—3-5 mL—are being used).

Neurostimulation

Electrical nerve stimulation has been used as a
means of nerve localization for almost four
decades. While there is a lack of evidence show-
ing improved block success or patient safety
compared with the paresthesia technique, it
remains a commonly used method [26]. However,
its sensitivity as a means of neurolocalization has
been questioned. Several experiments have found
that needle-nerve contact and, in some cases,
intraneural needle tip placement still require
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current intensities in excess of 0.5-1.0 mA in
order to obtain a motor response [27-29]. This
contradicts the common belief that “the closer
the needle to the nerve, the stronger the twitch.”
On the other hand, extremely low current thresh-
olds may be associated with intraneural needle
tip positioning. Tsai et al. demonstrated in a pig
model that, while extraneural current thresholds
varied with distance to the nerve, motor responses
obtained using currents less than 0.2 mA were
always associated with intraneural needle tip
positioning [30]. In another pig study, Voelckel
et al. performed percutaneous sciatic nerve
blocks using two different current intensities and
examined the relationship to histologic changes
[31]. Those nerves for which currents of 0.3—
0.5 mA were accepted showed no signs of injury;
however, when the blocks were performed using
currents less than 0.2 mA, 50% of nerves showed
signs of inflammatory changes. More recently,
Bigeleisen et al. provided clinical evidence that a
motor response of 0.2 mA or less indicated intra-
neural needle placement in an ultrasound-guided
supraclavicular block model [32]. While neuro-
stimulation may not be a sensitive method of
placing needles next to nerves (i.e., high current
intensities may still be required if within the
nerve), it appears to carry a high specificity for
ruling out intraneural placement, using 0.2 mA as
a cutoff for safe practice.

Ultrasonography

The use of ultrasound-guided nerve blockade has
many apparent benefits, the most obvious being
the ability to guide the needle under real time
toward the target. Its use may also confer several
safety advantages, chief among them being the
ability to decrease the amount of local anesthetic
used to achieve a successful block. Among the
first to demonstrate this were Casati et al., who
showed in an up-and-down design that ultrasound
guidance was able to reduce the minimum effec-
tive anesthetic volume required for a femoral
block by 42% [33]. In an era where systemic tox-
icity from even “clinical doses” of local anesthet-
ics is regularly published [34], this is not an

insignificant finding. In addition, not all of the
volume reduction benefits are of a systemic
nature. Riazi et al. compared the effect of per-
forming ultrasound-guided interscalene blocks
using 5 vs. 20 mL of 0.5% ropivacaine on phrenic
nerve palsy and found the incidence of diaphrag-
matic paralysis to be 45 and 100%, respectively,
while pain scores and analgesic consumption in
the first 24 h were identical [35]. Vandepitte et al.
conducted an up-down study on the minimal
effective volume required to establish an effec-
tive block through an interscalene catheter and
found the ED95 to be 7 mL [36]. The shift to
using lower volumes of local anesthetic is prob-
ably responsible in part for the significant reduc-
tion in local anesthetic systemic toxicity (LAST)
that occurs with ultrasound-guided peripheral
nerve blocks compared with non-ultrasound-
guided techniques. In a review of a database of
over 25,000 peripheral nerve blocks, Barrington
and Kluger reported that ultrasound guidance
resulted in a 77% relative risk reduction (OR
0.23, 95% CI 0.088-0.59, P = 0.002) in the inci-
dence of LAST compared to techniques not using
ultrasound [37]. This is the best evidence that we
currently have demonstrating a safety advantage
and will be a key factor in establishing ultrasound
guidance as a standard of care during regional
anesthesia.

Ultrasound may be a useful tool in demon-
strating intraneural injection. In some studies,
even volumes less than 1 mL can result in obvi-
ous nerve swelling on the ultrasound image [38,
39]. This is not a consistent finding however, and
other investigations have shown that the ability of
anesthesiologists to correctly identify intraneural
injection of 0.5 mL of injectate into the sciatic
nerve is only 76% sensitive; in other words, anes-
thesiologists appear to miss one quarter of intra-
neural injections with volumes of 0.5 mL [40].
This is important, as it has been well established
that as little as 0.05 mL injected within a fascicle
can result in irreparable axonal destruction [22].
Despite this, there are case series and retrospec-
tive studies showing that intraneural injection
does not necessarily lead to unavoidable neuro-
logic injury [41-43]. The explanation put for-
ward for this discrepancy is that in most instances
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of inadvertent (or deliberate) nerve puncture and/
or intraneural injection, the needle passes by or in
between fascicles, passing through the loose, epi-
neurial matrix without fascicular trauma.
Unfortunately, ultrasound currently lacks the
resolution to precisely determine extrafascicular
versus intrafascicular needle tip location.
Moreover, there are both blood vessels and fine
interfascicular connections that exist in the epi-
neurium that are at risk during an intraneural,
extrafascicular needle position [44]. This rein-
forces the decades-old wisdom that maintaining
an extraneural needle location is important for
patient safety.

Another potentially beneficial aspect of ultra-
sonography that seems intuitive is the avoidance
of vascular or pleural puncture. Just as the rate of
carotid puncture during internal jugular cannula-
tion appears to be reduced significantly when
using ultrasound guidance [45], one large pro-
spective audit of more than 7000 peripheral nerve
blocks showed a significant reduction in the inci-
dence of inadvertent vascular puncture [46]. In a
systematic review of four studies, Abrahams
et al. found a significant reduction (OR 0.16,
95% CI 0.05-0.47) in the incidence of vascular
puncture compared to nerve stimulation-guided
blocks [47]. However, another large registry data-
base demonstrated no difference in vascular
puncture when using ultrasound [37]. What we
do know is that there are numerous reports of
vascular and neural impalement despite the use
of ultrasound [48, 49], as well as reports of pneu-
mothoraces following ultrasound-guided brachial
plexus block [50, 51]. These data suggest that, for
the time being, either the technology or the man-
ner in which it is being used is not foolproof. On
the other hand, ultrasound has been advocated as
a routine procedure to rule out pneumothorax
prior to discharging patients home after supracla-
vicular blockade for ambulatory surgery [52].

Injection Pressure Monitoring
A complementary monitor that may aid in avoid-

ing neural injury is injection pressure monitor-
ing. Hadzic et al. showed that high pressures

(>25 psi) at the commencement of intraneural
injections in dogs were associated with neuro-
logic deficit and destruction of neural architec-
ture [11]. This is likely due to the rupture of the
fascicle after the expansion of these low-
compliance spaces. Monitoring of injection pres-
sure has been shown to predict needle-nerve
contact and the inability to inject local anesthetic
in both interscalene and femoral blocks [53, 54].
In both studies, a blinded observer halted the
syringe pump when the opening injection pres-
sure reached 15 psi. The sensitivity of injection
pressure monitoring to indicate a needle tip posi-
tion abutting the nerves was 97% and 90%,
respectively, for these two blocks. In contrast,
only 75% of subjects had a motor response when
the needle tip was indenting the C5 or C6 nerve
roots with a current intensity of 0.5 mA, suggest-
ing that injection pressure monitoring may be a
superior warning system than nerve stimulation.

Hand feel is often cited as an acquired skill
that permits an experienced anesthesiologist to
determine a dangerous injection pressure.
Howeyver, blinded in vitro and meat model studies
of what anesthesiologists felt to be appropriate
injection pressures do not support this [55, 56].
Therefore, the objective monitoring of injection
pressure may be a useful modality. This can be
achieved through one of several ways: either
through commercially available in-line devices
(Fig. 6.2) or by the use of a “compressed air
injection technique” (Fig. 6.3) [57]. By filling a
30-mL syringe with liquid and leaving 10 mL of
air, a compression of the air component to no
more than half its original volume (i.e., 5 mL)

Fig. 6.2 A commercial in-line pressure transducer with
graduated markings on the side of a piston, indicating
pressure in psi (BSmart™, BBraun Ltd, Bethlehem, PA)
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Fig. 6.3 The
compressed air
technique. Prior to
injection (left), the
syringe contains 10 mL
of local anesthetic and
10 mL of air. After
applying pressure to the
plunger, the air bubble
decreases in volume. A
decrease in half of its
original size (right), or
5 mL, indicates an
increase in pressure
within the system of 1
atmosphere or 14.7 psi

will ensure that injection pressure is kept at 20 psi
or less. Since this technology is relatively new,
evidence has not accumulated showing a safety
advantage. However, since it is inexpensive and
easy to use, and since the animal data are compel-
ling, the reasons not to use it are few.

Pressure monitoring has other applications as
well—a recent study showed that bilateral spread
during lumbar plexus block occurred in 60% of
patients exposed to injection pressures >20 psi
compared with 0% in those with pressures
<15 psi [58]. One patient had an epidural block
with a T4 sensory level, a situation that could
prove dangerous in a vulnerable patient.

Monitors of Consciousness
and Cerebral Perfusion

When regional anesthesia is used alone (i.e., not
in combination with general anesthesia), mild to
moderate sedation is usually desirable for rea-
sons of patient comfort, anxiolysis, and amnesia.
While monitoring the level of sedation can be
achieved clinically, some have employed pro-
cessed electroencephalography, such as the
bispectral index (BIS), to titrate sedation to a spe-
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cific depth. This may carry advantages for certain
populations at risk for adverse outcomes as a
result of oversedation. For example, one study of
elderly patients undergoing repair of fractured
hips under spinal anesthesia randomized subjects
to receive propofol sedation titrated to a BIS of
approximately 50 vs. a BIS of 80 or greater [59].
The incidence of postoperative delirium was sig-
nificantly reduced in the group with the higher
BIS target, 19 vs. 40%, suggesting that the use of
clear BIS targets to minimize oversedation may
aid in avoiding this all-too-common outcome.
Several observations have to be made with
respect to monitors of brain activity and their
use in regional anesthesia. First, neuraxial anes-
thesia itself is known to contribute to sedation
and decrease the requirements for further anes-
thetic drugs [60]. This is effected by a combina-
tion of decreased afferent neural input to the
reticular activating system and a direct effect of
local anesthetics in the cerebrospinal fluid [61,
62]. The spinal level of the block may be impor-
tant: Nishikawa and colleagues demonstrated
that a spinal resulting in a sensory block to T4 in
unpremedicated patients resulted in a significant
decrease from baseline BIS scores, whereas an
L3 level did not [63]. Secondly, while propofol



14

J.Kim and J. Gadsden

and midazolam both appear to predictably
reduce BIS scores, nitrous oxide may not, even
though the clinical effect is apparent. For
instance, in patients who received epidural anes-
thesia for lower extremity surgery, increasing
the concentration of nitrous oxide in oxygen
(33, 50, and 67%) that was administered resulted
in steadily decreasing sedation scores as judged
by a blinded observer [64]. However, BIS scores
remained unchanged throughout, suggesting
that BIS may not be an effective monitor of level
of consciousness in the presence of nitrous
oxide.

Another group of patients that may benefit
significantly from central nervous system moni-
toring during regional anesthesia are those posi-
tioned in the beach chair position. Used primarily
for procedures on or about the shoulder, this posi-
tion has been associated with several cases of
perioperative ischemic cerebral events [65, 66].
These may be caused by underperfusion to the
brain when brachial artery pressure, which is
generally used to guide hemodynamic manage-
ment during these cases, overestimates the cere-
bral perfusion pressure, as the pressure differential
may be as much as 30 mmHg. A contributing fac-
tor is the frequent request by the surgeon to lower
arterial blood pressure to reduce bleeding into the
joint and improve visibility during arthroscopic
shoulder surgery. Cerebral oximetry using near-
infrared spectroscopy is a method by which cere-
bral tissue oxygenation can be continuously
assessed noninvasively. A study comparing cere-
bral oxygenation using the beach chair vs. the
lateral decubitus position for shoulder surgery
showed that 80% of patients in the beach chair
position had what were defined as “critical desat-
uration events,” compared with 0% in the lateral
decubitus position [67]. This group also experi-
enced a sevenfold increase in the incidence of
nausea and vomiting in the recovery room,
although all other recovery variables were simi-
lar. Interestingly, the BIS scores between groups
did not differ at any time, suggesting that oxime-
try is a more sensitive predictor of nausea and
vomiting. The question that arises is whether
there might be more subtle neurologic changes in
patients at risk (e.g., the elderly or hypertensive

patients) that are occurring regularly without
obvious signs in the immediate postoperative
period. It is not known whether cerebral oximetry
can be used to guide treatment in this population;
patients were treated promptly in this study when
the events were diagnosed and there was no con-
trol arm. Also, these patients all received general
anesthesia; further research efforts should focus
on conducting similar studies using regional
anesthesia alone.

Sedation for Regional Anesthesia

Sedation is a continuum ranging from mild anx-
iolysis to unconsciousness and unresponsiveness
(i.e., general anesthesia). There are multiple rea-
sons why sedation during regional anesthesia
procedures is advantageous:

1. Sedation alleviates the stress associated with
fear of needles, procedural pain, and recall of
the nerve block [68, 69].

2. Sedation increases patient satisfaction during
regional anesthesia and increases global toler-
ance of regional blocks [70, 71].

3. Sedation decreases the requirement for opioid
analgesics, potentially reducing the risk of
opioid-related adverse events such as nausea,
vomiting, or respiratory depression [72, 73].

4. Sedation with benzodiazepines or propofol
increases the seizure threshold, thereby poten-
tially reducing the risk of central nervous sys-
temic toxicity [74].

A retrospective study of over 42,000 patients
who received regional anesthetic procedures with
or without sedation demonstrated that sedation
significantly reduced the risk of premature termi-
nation of the block as well as the risk of primary
failure [75]. This may be related to improved
operating conditions associated with a calm,
immobile patient. Clearly, sedation is not without
risk, particularly respiratory and hemodynamic
depression, highlighting the need for appropriate
monitoring and access to resuscitation drugs and
equipment. There is also a risk of sedating a
patient to a level of consciousness where
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Table6.1 Commonly used sedative drugs during regional anesthesia

Commonly used IV
dose range for Onset

Drug sedation (min) Notes

Midazolam 1-4 mg 1-2 Rapid anxiolysis. Associated with anterograde amnesia,
especially in higher doses. Synergistic depression of
respiratory function with opioids. Minimal residual effect

Fentanyl 25-100 pg 3-5 Some sedation when given alone. Excellent analgesic.
Associated with facial pruritis

Alfentanil 250-500 pg 1-2 Short-acting, little residual analgesia after block. May
match block procedure duration the best of all opioids

Remifentanil 20-80 pg 0.5-1 Higher cost, very short duration of action

Clonidine 50-100 pg 5-10 Prolongs sensory block, good sedative. Associated with
hypotension, prolonged sedation

Dexmedetomidine | 50 pg 5-10 Prolongs sensory block, good sedative. Faster offset than
clonidine

Ketamine 5-20 mg Weak sedation, excellent analgesia. Positive effect on
hemodynamic stability. Minimal if any dysphoria/
hallucinations in subhypnotic doses

Propofol 10-50 mg <1 Potent respiratory depressant, must be prepared for apnea.
Quick, clean offset with no “hangover.” May have to
re-dose depending on the length of procedure (i.e., multiple
catheters)

disinhibition and unexpected movement could
occur during the block, resulting in injury [76].

There are a variety of drugs available for use
when sedating patients for regional blocks. In a
retrospective review of the German Network for
Regional Anesthesia database, 44% of patients
received opioid alone, 21% received benzodiaz-
epine alone, and 26% received a combination of
the two [75]. The remainder (<10%) received
medications such as propofol, alpha-2 agonists,
and ketamine. Table 6.1 outlines commonly used
drugs for sedation in regional anesthesia and their
properties.

Case Study

A 21-year-old college athlete presents for elec-
tive arthroscopic rotator cuff repair. He is inter-
ested in regional anesthesia in order to avoid a
general anesthetic but is concerned about the risk
of nerve injury associated with a brachial plexus
block, especially since he is an elite athlete.
During your preoperative discussion, you explain
that the risk of nerve injury is very low but that
you will take all of the relevant steps to minimize

and prevent complications. The patient is agree-
able to a block, but appears quite anxious.

Your Plan Is to Perform a Single-
Injection Interscalene Brachial Plexus
Block. How Will You Sedate This
Patient?

Your primary goal here is anxiolysis, while at the
same time providing ideal operating conditions
for the block procedure. As such, a short-acting
benzodiazepine such as midazolam 1-2 mg is
appropriate. Propofol in small doses (e.g.,
10-30 mg) is also a good choice; however, care
must be taken to avoid provoking apnea.
Excessive sedation may also disinhibit the
patient, causing him to move during the proce-
dure and putting him at risk for needle trauma. A
single-injection interscalene brachial plexus
block is associated with minimal discomfort, so
the use of opioids is optional. In fact, an “opioid-
free” technique may be desired in order to avoid
opioid-related adverse events (e.g., nausea or
vomiting) in an outpatient procedure on a high-
functioning patient.
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You Plan to Use Ultrasound Guidance
for the Block Placement.Is There
Benefit to Using Nerve Stimulation
as Well?

Yes. Ultrasound has now become the primary
means of locating targets, guiding needle
advancement and confirming appropriate spread
of injectate. However, as the needle tip is not
always visible, even in experienced hands, it is
prudent to use other monitors to safeguard against
needle-nerve contact. Electrical nerve stimula-
tion is insensitive (i.e., your tip may be inside the
nerve with no motor response at a high current)
but is very specific: if you observe a motor
response to a current intensity below 0.2 mA, all
the available data points to a needle tip location
abutting or within the nerve.

Are There Any Other Monitors That
Can Be Used to Prevent Nerve Injury?

Injection pressure monitoring is complementary
to nerve stimulation in this regard. Certainly it is
a non-specific monitor—high resistance to injec-
tion may result from a clotted needle, tip position
against fascia, or any other number of reasons;
however, if injectate can occur using pressures
less than 15 psi, then there appears to be a
90-97% likelihood that that needle tip is in a safe
position (i.e., not impinging on the epineurium or
within a fascicle).

What Special Equipment Is Required
for Injection Pressure Monitoring?

While commercial products do exist to make the
task of monitoring injection pressure easy, a
clever application of Boyle’s law (P,V, =P,V,) is
all one needs to ensure opening injection pres-
sures remain in the safe (<15 psi) range in a
syringe. The local anesthetic syringe is made to
contain a known volume of air and is held upright
(plunger toward the ceiling). Once injection
begins, as long as the air bubble does not reach

half of its original volume, the pressure in the
system will not double (i.e., reach 14.7 psi), a
conveniently safe threshold for preventing injury.

Review Questions

1. Ultrasonography during peripheral nerve
blocks has been shown to:

(a) Reduce the incidence of nerve injury com-
pared to nerve stimulation techniques

(b) Reduce the likelihood of pneumothoraces
compared to nerve stimulation techniques

(c) Reduce the need for monitoring during
nerve block performance

(d) Reduce the incidence of accidental vascu-
lar puncture

2. The use of injection pressure monitoring:

(a) May reduce the incidence of nerve injury

(b) Is complicated and requires special
equipment

(c) Is unnecessary if the practitioner is expe-
rienced and can gauge ‘“hand feel” for
himself/herself

(d) Should be used only for high-risk blocks
such as interscalene brachial plexus blocks

3. Which of the following is not critical to
observe during performance of all ultrasound-
guided peripheral nerve blocks?

(a) Expansion of the tissue at the time of
local anesthetic injection at the target site

(b) Vasculature that is adjacent to the target
site

(c) The tip of the nerve block needle

(d) The target nerve or plexus

4. Which of the following is true regarding the
use of nerve stimulation during peripheral
nerve blockade?

(a) Thereis a predictable relationship between
needle tip-nerve distance and the current
required to cause a motor response.

(b) Nerve stimulation has little value in the
era of ultrasonography.

(c) The generation of a motor response at
extremely low currents (i.e., <0.2 mA)
has been associated with intraneural nee-
dle tip placement.
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(d) If a motor response is NOT generated at
currents of 0.5 mA or greater, intraneural
needle tip placement is not possible.

Essential equipment for the performance of a

femoral nerve block includes:

(a) Electrocardiography

(b) Nerve stimulation

(¢) Ultrasound

(d) A laryngeal mask airway

6. Epinephrine is often added to local anesthetic

solutions for all of the following reasons

EXCEPT:

(a) To truncate the peak plasma level of local
anesthetic

To hasten the onset of the analgesic block

To prolong the duration of nerve

blockade

To serve as an intravenous marker in case

of intravascular absorption

When used for peripheral nerve blockade, the

use of ultrasonography significantly reduces

the incidence of:

(a) Pneumothorax

(b) Nerve injury

(¢) Unwanted motor blockade

(d) Local anesthetic systemic toxicity

(b)
(©)

(d)

Answers
d
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Introduction

Interventional pain management is an emerging
specialty that focuses on the use of procedures to
diagnose and to treat chronic pain. Most of these
procedures are performed percutaneously and
carry a potential risk of bleeding [1]. Regional
anesthesia similarly uses percutaneous injection
techniques for surgery, perioperatively, and post-
operative analgesia. Patients undergoing these
treatments may be receiving exogenous antico-
agulants or have impaired hemostasis.
Interventional pain management and regional
anesthesia procedures carry a risk of bleeding
with potentially hazardous consequences. The
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American Society of Regional Anesthesia has
published guidelines addressing the risk of bleed-
ing and hematomas following regional and neur-
axial techniques in the setting of pharmacological
anticoagulation, with the most recent updated
guidelines from 2010 [2]. It is clear and obvious
that the clinician performing regional anesthesia
must be aware of the potential significant morbid-
ity and mortality of attempting to complete such
procedures in an anticoagulated patient receiving
antithrombotics or thrombolytic therapy.

Interventional pain management consists of a
larger variety of procedures [3], delivered in the
outpatient setting. The ASRA guidelines [2],
although useful, were not created for these practi-
tioners. A bleeding risk stratification and summary
of the literature have been developed for interven-
tional pain physicians [1]. Bleeding risks must be
weighed against procedural benefits. The practitio-
ner must decide between performing and canceling
the procedure, after assessing the risk for bleeding.
Appraising bleeding risk involves understanding
coagulation physiology and pathophysiology,
pharmacology of anticoagulants, and the technical
risks associated with a particular procedure.

Coagulation Physiology
Under normal circumstances, a tight equilibrium

between clotting and bleeding is maintained. A
complex interplay between activators, cofactors,
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inhibitors, and feedback loops exists. Hemostasis
involves three simultaneous processes: (1) pri-
mary hemostasis, (2) secondary hemostasis, and
(3) fibrinolysis.

Platelets play a critical role in primary hemo-
stasis [4]. Vascular endothelial injury occurring
after needle trauma creates a friable platelet plug
by the deposition of platelets at the site of injury
in order to stop bleeding. This process of platelet
deposition is referred to as primary hemostasis.
When vascular endothelial injury occurs that
exposes the underlying extracellular matrix,
platelets undergo a series of changes in three
phases: adhesion, activation, and aggregation.

A platelet is a cell fragment which is derived
from bone marrow megakaryocytes, which are
surrounded by a coat of glycoproteins; these gly-
coproteins adhere to injured endothelium. Von
Willebrand factor (vWF), a protein found in sub-
endothelial tissues, facilitates platelet adhesion.
Platelets express a glycoprotein Ib receptor that
binds to vWF. Upon adhesion, the platelet acti-
vates. Platelets change shape, initiate a granule
release reaction, and express glycoprotein IIb/
IITa receptors on their surface. Phosphatidylserine
is translocated to the outer side of the platelet.
Plasma clotting factors interact with the activated
platelet surface. Fibrinogen adheres to the GplIb/
Gpllla receptors. The process is highly regulated,
and endothelial cells prevent platelet aggregation
outside the area of vascular injury.

The coagulation cascade is critical to second-
ary hemostasis [4]. Clotting factors circulate in
an inactive form and are activated by exposure to
tissue factor or foreign surfaces. All of the proco-
agulants are synthesized in the liver except von
Willebrand factor, which is produced in mega-
karyocytes and endothelial cells, and factor VIII
which is also produced by endothelial cells.
These procoagulants are cleaved into an activated
enzyme. In succession, this enzyme cleaves the
next procoagulant and so on. This cascade termi-
nates by converting the water-soluble fibrinogen
into the insoluble fibrin. Fibrin acts as “glue” that
stabilizes the platelet plug. Fibrin cross-linking
strengthens the clot. There are two clotting path-
ways, intrinsic and extrinsic, which lead to a final
common pathway. The final common pathway

begins with the binding of factor Xa to cofactor
Va and platelet phospholipids (PF-3). This com-
plex converts prothrombin (II) to thrombin (IIa).
PF-3-bound thrombin complex then cleaves
fibrinogen (I) to fibrin (Ia). The extrinsic pathway
can be rapid and must occur in the presence of
tissue trauma. Tissue factor modulates factor
Vlla activity, and this interaction is the primary
physiologic event in initiating clotting [5]. The
intrinsic pathway can be induced in the absence
of extrinsic tissue components and only requires
factors “intrinsic” to the blood. Both the intrinsic
and extrinsic pathways work in tandem and lead
to the final common pathway.

Coagulation must be restricted to the area of
injury; control occurs via three types of inhibi-
tory pathways: (1) antithrombin III, (2) thrombo-
modulin, and (3) tissue factor inhibitor.
Antithrombin III inhibits several factors, particu-
larly Xa. Thrombomodulin binds to thrombin and
activates proteins C and S, which causes proteol-
ysis of factors Va and VIlla. Tissue factor path-
way inhibitor blocks factor Xa via a negative
feedback loop. The enzymatic degradation of
fibrin is governed by the fibrinolytic system.
Plasmin is a proteolytic enzyme that digests
fibrin, fibrinogen, factor V, factor VIII, prothrom-
bin, and factor XII. Plasmin is derived from plas-
minogen. Tissue-type plasminogen activator is a
serine protease that binds to a fibrin clot and acti-
vates plasminogen. Proteolysis is confined to the
clot itself.

Coagulation Pathophysiology

Coagulation pathophysiology clinically mani-
fests as a hemorrhagic or thrombotic disorder.
Hemorrhagic disorders may be hereditary or
acquired disorders of hemostasis. The three most
common hereditary coagulation disorders are
von Willebrand’s disease, hemophilia A, and
hemophilia B [6, 7].

Von Willebrand’s disease is the most common
hereditary bleeding disorder, afflicting 1-3% of
the general population. There may be a quantita-
tive or qualitative impairment in von Willebrand
factor [7]. As previously mentioned, vWF func-
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tions in primary hemostasis by binding to both
platelets and endothelial components, forming an
adhesive bridge between platelets and subendo-
thelial components and between adjacent plate-
lets. VWF also serves as a carrier protein for
factor VIII which increases its half-life. In von
Willebrand’s disease, platelets lose their adhesive
properties, and factor VIII levels are reduced. The
condition is inherited as an autosomal dominant
disorder. Patients develop bruising and mucosal
bleeding. Prolonged bleeding from mucosal sur-
faces may occur, such as epistaxis or menorrha-
gia. Surgical bleeding is localized to the area of
injury, and distant site bleeding is uncommon.
Platelet function analyses, PFA-100, can diag-
nose the problem. Specialized assays, such as
one that directly measures the von Willebrand
factor antigen, can confirm the diagnosis [7].
Treatment involves desmopressin and factor
replacement.

Hemophilia A is a bleeding disorder resulting
from a defect in factor VIII:C, a cofactor involved
in the activation of factor X [8]. The disease pri-
marily afflicts men since the disease is X-linked.
All patients with hemophilia A have normal
plasma concentrations of vWF. Life-threatening
hemorrhage can occur. Spontaneous bleeding
into joints, neural compartments, and intracranial
structures can occur. Central nervous system
hemorrhaging is associated with a 30% mortality
rate. The activated partial thromboplastin time
(aPTT) is abnormal. The prothrombin or bleed-
ing times are normal. Disease severity is propor-
tional to plasma concentrations of factor
VIII. Factor replacement is essential in planning
surgical procedures. Factor VIII [8] replacement
can be plasma derived or recombinant.
Recombinant VIIa, a “universal” hemostatic
agent, can be used to control surgical or trauma-
associated bleeding in patients with hemophilia
A. Hemophilia B is a bleeding disorder resulting
from a defect in factor IX. Inheritance and clini-
cal patterns are indistinguishable from hemo-
philia A. Treatment requires plasma-derived or
recombinant factor IX.

Vitamin K deficiency develops with malnutri-
tion, fat malabsorption, antibiotic usage, and
liver disease [4]. Microsomal carboxylase, a liver

enzyme dependent on vitamin K, is necessary to
convert factors II, VII, IX, and X into their func-
tionally active forms. Vitamin K deficiency leads
to a reduction in these factors and, consequently,
a bleeding diathesis. Patients develop melena,
hematuria, ecchymosis, and hematomas [4].
Supplemental vitamin K can be given 4-8 h prior
to a procedure in the at-risk patient.

Liver disease can lead to thrombocytopenia,
platelet dysfunction, reduced production of clot-
ting factors, increased factor consumption, and
increased fibrinolysis. A continuum of bleeding
disorders may result, and all stages of liver dis-
ease increase the risk of bleeding [9].
Preprocedural screening of liver disease patients
may include hemoglobin, PT, aPTT, platelet
count, platelet function analysis, fibrinogen level,
and bilirubin levels. Management strategies
include vitamin K supplementation, fresh frozen
plasma, platelets, and cryoprecipitate. Vitamin K
supplementation may be sufficient in patients
with biliary tract disorders [9].

Renal disease causes hemostatic defects due
to multiple reasons [10]. Defects in platelets,
subendothelial metabolism, and platelet vessel
interactions occur. Renal disease augments the
effects of antiplatelet drugs and low-molecular-
weight heparins. A comprehensive coagulation
profile must be performed in renal failure patients.
Bleeding time may be useful to assess bleeding
risk. Elevations in the PT or aPTT denote the
effect of other clotting problems. Coagulopathy
[10] may be treated with dialysis, anemia correc-
tion, desmopressin, cryoprecipitate, estrogens,
and avoidance of antiplatelet drugs.

Drugs That Impair Hemostasis

Cyclooxygenase [COX] inhibitors disrupt the
formation of thromboxane A2, which disturbs
vasoconstriction and secondary platelet aggrega-
tion. A primary platelet plug may still form and
be adequate for small injuries; however, this will
not be sufficient for stopping surgically induced
bleeding. Aspirin irreversibly inhibits cyclooxy-
genase for the life of platelet, whereas nonsteroi-
dals are reversible in their inhibition of
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COX. Procedural postponement may not be nec-
essary, except in situations whereby bleeding
times are excessively prolonged. Another option
is to have patients withhold aspirin for 7-10 days
and NSAIDs for 3-5 days [11, 12].

Thienopyridine inhibitors, such as clopido-
grel, ticagrelor, ticlopidine, and prasugrel, inter-
fere with primary and secondary platelet
aggregation [13]. These agents interfere with
ADP binding and subsequent activation of the
GplIb/Gplllb receptor complex. Clopidogrel
interferes with platelets to platelet, platelet to
fibrinogen, and platelet to endothelium interac-
tions. Clopidogrel reaches a steady state in
7 days, but is reversible. Clopidogrel prolongs
bleeding time more than aspirin. Purpura and epi-
staxis can occur in up to 5% of patients. Serious
bleeding occurs at arate of 1-2% [13, 14]. Recent
studies suggest bleeding is more common with
prasugrel. A recent study comparing prasugrel
vs. clopidogrel showed a significantly increased
number of bleeding complications for patients
receiving prasugrel [15]. Extra caution with this
medication is suggested as its clinical use is
increasing.

Glycoprotein receptor antagonists interfere
with the final common pathway of platelet aggre-
gation and cross-linking of adjacent platelets via
interaction with fibrinogen [16]. Gpllb/Gpllla
receptor antagonists, which include abciximab,
eptifibatide, and tirofiban, are often used in the
management of acute coronary syndromes.
Platelet function normalizes 8-24 h after stop-
ping the infusion. During the infusion period,
significant bleeding occurs 2% of the time, and
the majority of patients develop some degree of
bleeding. These agents are not encountered in the
outpatient setting, but are important in the peri-
operative setting. Elective surgery should be
delayed for 24-48 h following abciximab and
4-8 h after tirofiban. Eptifibatide is another prod-
uct in the same class that would be expected to
have similar bleeding risks.

Warfarin [17] is an oral anticoagulant that
interferes with the carboxylation of vitamin
K-dependent coagulation factors. Vitamin
K-dependent factors II, VII, IX, and X and the
anticoagulant proteins C and S become depleted.

The intensity of warfarin therapy depends on the
proportion of inactive factors and factor half-
lives. Factor VII has the shortest half-life (6—8 h)
and is most likely to affect the prothrombin time/
international normalized ratio. When factor VII is
at 40%, the INR approaches 1.5 [17]. Hemostasis
is presumed to be normal at an INR < 1.5. Age,
diet, race, drug interactions, gender, body weight,
and comorbidities influence the response to war-
farin. A warfarin overdose manifests as ecchymo-
ses and mucosal bleeding. Most surgical
procedures can be carried out at an INR of 1.5.
However, many practitioners will hold warfarin
for 4-5 days prior to a surgical procedure.
Balancing the risks of withdrawing anticoagula-
tion in patients with a history of stroke or venous
thromboembolic disease prior to performing sur-
gery is a challenge and must be reviewed with the
risks versus benefits in mind.

Heparin [18] is a glycosaminoglycan that is
widely used for anticoagulation during surgical
procedures. Unfractionated heparin has a hetero-
geneous range of molecular weights with corre-
spondingly heterogeneous anticoagulant
properties. Heparin interacts with antithrombin
III, which inactivates factors Ila, Xa, IXa, Xla,
and XIla. By inactivating thrombin, heparin pre-
vents fibrin formation and inhibits thrombin-
induced activation of platelets and factors V, VIII,
and XI. The anticoagulant effect is nonlinear.
Low doses have a half-life of 60 min, and high
doses have a half-life of up to 150 min. Significant
bleeding has been reported in association with
different types of heparin therapy. Subcutaneous
hemorrhages and deep tissue hematomas may
occur. Spontaneous bleeding may occur, even
with an aPTT 1.5-2 times the normal.

Low-molecular-weight heparin [18] has a lon-
ger half-life, compared to unfractionated heparin.
They are derived from unfractionated heparin by
depolymerization and are approximately one
third the molecular weight of heparin. It binds to
antithrombin and inactivates factor Xa. Due to
their size, 50-75% of the chains are too small to
simultaneously bind antithrombin and thrombin.
Therefore, the inhibition of thrombin is minimal.
These products include enoxaparin, dalteparin,
ardeparin, danaparoid, tinzaparin, and nadropa-
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rin. No blood test can adequately monitor the
anticoagulant effect. LMWH primarily is associ-
ated with anti-Xa activity. Two to four hours fol-
lowing subcutaneous administration, therapeutic
levels are reached, and up to 50% of this effect
can be maintained at 12 h. Abnormal renal func-
tion, advanced age, and concomitant NSAID use
enhance the effects of LMWH. LMWH is com-
monly used to reduce the risk of venous thrombo-
embolism (VTE).

Herbal medications [19] such as garlic,
ginkgo, and ginseng may cause bleeding. Garlic
irreversibly inhibits platelet aggregation and has
fibrinolytic activity. Ginkgo inhibits platelet-
activating factor. Ginseng interferes with platelet
aggregation. Several other herbal medications
have been implicated as antihemostatic agents,
including feverfew, green tea, horse chestnut,
cat’s claw, ginger, fenugreek, and chamomile.
Fish oil (omega-3 fatty acid) supplements have
been reported to increase the risk for significant
bleeding. While well-controlled studies have not
provided solid evidence for increased risk of clin-
ically significant bleeding with fish oil, clinicians
should be aware of the possibility of increased
risk when used in conjunction with
anticoagulants.

SSRIs and Other Antidepressants

Selective serotonin reuptake inhibitors (SSRIs)
include fluoxetine (Prozac), fluvoxamine
(Luvox), paroxetine (Paxil), sertraline (Zoloft),
citalopram (Celexa), clomipramine (Anafranil),
and trazodone (Desyrel). Nonselective serotonin
reuptake inhibitors include amitriptyline (Elavil),
imipramine (Tofranil), and doxepin (Sinequan).
These medications are commonly used for
depression, anxiety, and other psychological con-
ditions. Observational studies have shown that
SSRIs can increase the risk of bleeding when
combined with NSAIDs, aspirin, or anticoagu-
lants. Bleeding complications that have been
observed include upper gastrointestinal bleeding,
stroke, postpartum hemorrhage, and intraopera-
tive bleeding as well as minor episodes of muco-
sal bleeding, petechiae, purpura, and easy

bruising; upper gastrointestinal bleeding is con-
sistently observed across multiple studies [20].
Depletion of serotonin (5-HT) levels in platelets
inhibits induced aggregation and has the poten-
tial to prevent formation of clots. Among the dif-
ferent SSRIs, there is not strong evidence that
any specific antidepressant is more strongly asso-
ciated with bleeding. Clinicians should be aware
of the potential of increased bleeding when these
medications are combined with  other
anticoagulants.

Other Antiplatelet Drugs

Dipyridamole (Persantine) is an older drug with a
mechanism of action that is thought to involve
the inhibition of cyclic AMP phosphodiesterase.
It is often combined with aspirin and used in the
prevention of stroke and transient ischemic
attack. Due to the inhibition of platelet function-
ing, discontinuation of dipyridamole 3-5 days
before a surgical procedure would be prudent.

Thrombin Inhibitors

Direct thrombin inhibitors (DTIs) are a class of
anticoagulants that bind directly to and block
thrombin, acting as allosteric inhibitors which
prevent the binding of other substrates. These
inhibitors of thrombin may carry a lower risk of
bleeding as compared to high-dose intravenous
heparin. Recombinant hirudin derivatives (desi-
rudin, lepirudin, bivalirudin) inhibit free and clot-
bound thrombin. They are an alternative to
heparin in patients with unstable angina undergo-
ing percutaneous coronary interventions although
no DTT has been shown to be safe for long-term
treatment of acute coronary syndromes. DTIs
may also have a lower risk of major hemorrhage
as compared to heparin. The half-life is approxi-
mately 1 h. Serum levels decrease to zero 2 h
after discontinuation of these IV agents.
Argatroban, an L-arginine derivative, also pro-
vides reversible thrombin inhibition. It is used in
the treatment and prophylaxis of heparin-induced
thrombocytopenia. Lepirudin is also a direct



126

A.D.Kaye etal.

thrombin inhibitor that is approved in the United
States to treat HIT. Treatment with both of these
agents decreases the rate of new thrombotic epi-
sodes in HIT patients [21].

Dabigatran is a new oral direct thrombin
inhibitor that is used in patients for the preven-
tion of venous thromboembolic disease and for
the prevention of stroke in patients with atrial
fibrillation. Like other anticoagulants, dabiga-
tran increases the risk of bleeding in patients.
Dabigatran has a black box warning for an
increased risk of spinal or epidural hematoma
for patients undergoing regional anesthesia or
spinal taps. A new reversal agent for dabigatran
called idarucizumab has recently come onto the
market. This new drug can provide rapid reversal
of spinal hematoma complications in regional
anesthesia and pain procedures as well as rever-
sals of intracranial and gastrointestinal hemor-
rhage. The reversal of the anticoagulant effect
can occur within minutes of administration of
idarucizumab [22].

Newer Anticoagulants

Direct factor Xa inhibitors are a new class of anti-
coagulants that inactivate factor Xa. These oral
drugs have become very popular in the patients
that require prophylactic prevention of embolic
stroke from atrial fibrillation as well as preven-
tion and treatment of deep vein thrombosis and
pulmonary embolism. Direct factor Xa inhibitors
are oral agents only with no parental form avail-
able. There are also no reversal agents available
for direct factor Xa inhibitors, but there are cur-
rently reversal drugs in clinic trials. The most
commonly prescribed factor X inhibitors in the
United States are rivaroxaban and apixaban.
Because both of these drugs do not require rou-
tine monitoring of coagulation markers and do
not affect vitamin K metabolism, they are seen as
more convenient options for patients who need
anticoagulation. Like all anticoagulants, both of
these agents increase the risk of bleeding events,
and both have a black box warning for epidural
and spinal hematomas after procedures such as
spinal punctures and neuraxial anesthesia [3, 23].

Bleeding Complications

in Association with Interventional
Pain Practice and Regional
Anesthesia

The incidence of spontaneous spinal hematoma
is extremely rare with an estimate of 1 patient per
1,000,000 patients per year [3, 24]. The incidence
of clinically significant spinal hematoma has
been estimated with 95% confidence to be <1 of
150,000 epidural anesthetics and <1 of 220,000
spinal anesthetics for noncardiac surgical cases.
Ruppen et al. estimated the risk of epidural hema-
toma following epidural analgesia in the obstetric
population to be 1 in 168,000 [25]. For cardiac
surgery with anticoagulation during cardiopul-
monary bypass, the estimated risk of hematoma
with 95% confidence is 1 in 3552 according to a
meta-analysis done in 2015 [26].

The rate of spinal hematomas in all non-
obstetric patients is 18.5 per 100,000 patients
[27]. In general, the risk of complications in epi-
dural analgesia is low for obstetric cases and
increases substantially in vascular surgery [27].
There are also certain risk factors that increase
the risk of hematoma as an adverse event after
epidural placement. These risk factors include
female gender, difficult spinal anatomy, trau-
matic epidural, current antithrombotic medica-
tion treatment, and inherited or acquired
coagulopathy [24, 28].

Epidural catheterization and regional blocks
have been successfully carried out in patients
with hemophilia A, when factor VIII replacement
was carried out [29, 30]. Another recombinant
factor, VIla, is sometimes referred to as the uni-
versal hemostatic agent because it can be used to
control surgical and trauma-associated bleeding
in patient with hemophilia A. Epidural catheter-
ization has been successfully performed in
patients with von Willebrand’s disease when
vWF:Ag and RiCof levels met certain thresholds
[31, 32]. Advanced liver disease, with associated
portal hypertension and hypersplenism, poses a
unique risk in procedure-related bleeding.
Epidural hematomas following catheterization
have been reported in patients with mild liver dis-
ease [33]. In the setting of renal disease, a delayed
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epidural hematoma has been seen despite normal
coagulation studies and bleeding history in this
patient [34].

Anticoagulation increases the risk of bleeding.
Spontaneous bleeding occurs in 3—7% of patients
receiving warfarin [35]. Bleeding occurs in less
than 3% of patients receiving fractionated or
unfractionated heparin [35]. Thrombolytics pres-
ent the greatest risk of bleeding with 6-30% [35].
In the setting of these agents, procedure-induced
bleeding risk increases with anticoagulation.

The relative risk of neuraxial procedures in the
presence of anticoagulation has been estimated
[36]. There is no increased risk in the presence of
aspirin therapy. Traumatic insertion increases the
relative risk to 11. Traumatic insertion in the
presence of systemic heparinization increases the
relative risk to 111. Aspirin and intravenous hep-
arin therapy increase the risk to 26. The closer in
time that heparin is restarted in a patient, the
higher the risk of bleeding. If heparinization is
started within 1 h of a neuraxial procedure, the
risk is 25. If heparinization is delayed more than
1 h, then the risk drops to 2.

Aspirin and NSAIDs have not been proven to
increase the risk of spinal epidural hematoma.
These agents are safe to be used in patients
receiving neuraxial anesthesia. On the contrary,
aspirin and NSAIDs can increase the risk of
bleeding in patients taking another medication
that affects coagulation, including fish oil prod-
ucts. It has been advised for these patients to stop
taking aspirin 7-10 days before an epidural or
neuraxial procedure if the patient is on another
antithrombotic agent. NSAIDS should be stopped
3 days prior to procedure if on another antithrom-
botic medication [12].

Recommendations differ for P2Y12 receptor
blockers. Clopidogrel should be stopped 7 days
before a patient undergoes neuraxial anesthesia,
and ticlopidine should be held even longer,
14 days, before a procedure is performed. Both
drugs may be restarted immediately after the
neuraxial catheter has been discontinued [37].
Glycoprotein receptor inhibitors such as abcix-
imab, eptifibatide, and tirofiban affect the way
platelets function in the body, so patients on these
medications must be cautious when undergoing a

needle or catheter placement. It is recommended
that eptifibatide and tirofiban be stopped at least
8 h before a procedure and abciximab be stopped
48 h prior to procedure or catheter placement.
Patients must wait until 4 weeks after a surgery to
restart these agents [2].

Oral anticoagulation is a contraindication to
neuraxial anesthesia procedures [2]. Atraumatic
epidural catheterization in an anticoagulated
patient has led to paraplegia in rare cases [38].
The American Society of Regional Anesthesia
suggests that patients undergoing neuraxial pro-
cedures stop warfarin 4-5 days prior to procedure
to ensure safety [2]. The prothrombin time and
international normalized ratio should be checked
prior to the neuraxial block. There is no “safe”
INR for performing neuraxial procedures [1], but
ideally, an INR less than 1.3 should be sought.
Neuraxial procedures should not be performed in
any patient who is currently on thrombolytics [1,
2].

Vandermeulen et al. [28] reported 30 cases of
epidural hematoma in patients receiving fraction-
ated or unfractionated heparin therapy. For
unfractionated heparin, the ASRA guidelines [2]
suggest that neuraxial techniques should be
avoided in patients with concomitant coagulopa-
thies. ASRA also recommends that hepariniza-
tion should be delayed for 1 h after needle
placement, indwelling catheters should be
removed 2—4 h after the last heparin dose, and
reheparinization should be delayed for 1 h after
catheter removal. Postoperative neurological
monitoring should occur after all procedures
even with minimal use of local anesthetics, and
caution should be exercised if needle insertion is
difficult or traumatic. In these scenarios, patients
should not be on any other antithrombotic medi-
cations including aspirin. Similar guidelines
should be considered for nonneuraxial proce-
dures [2]. Neuraxial anesthesia can be performed
after prophylactic heparin doses with minimal to
no risks increased the risk of procedure [39].

The recommendations for the perioperative
administration of low-molecular-weight heparin
by the American Society of Regional Anesthesia
advise avoidance of concomitant antiplatelet and
oral anticoagulants, due to increased risk of
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adverse outcomes. Needle placement should be
delayed 12 h following the last dose of prophy-
lactic LMWH, and it should be delayed 24 h fol-
lowing the last dose of therapeutic
LMWH. LMWH should be held at least 24 h fol-
lowing surgery if an indwelling catheter is in
place and also at least 24 h following a traumatic
tap. The catheter should be removed prior to ini-
tiation of LMWH therapy, and this therapy should
not be started for at least 4 h after catheter
removal [2, 40].

Ho et al. [41] summarized the safety precau-
tions to minimize the risk of spinal hematoma fol-
lowing epidural catheterization during cardiac
surgery. Their recommendations included patient-
specific factors (anticoagulation status) and tech-
nique-specific factors (epidural catheterization):
(1) normalization of coagulation before needle or
catheter insertion, (2) avoidance of repeated
attempts, (3) postponement of surgery for 24 h
after bloody tap, (4) needle or catheter insertion
1 h before systemic heparinization, (5) optimiza-
tion of hemostasis after cardiopulmonary bypass,
(6) removal of epidural catheter only after normal
hemostasis has been restored postoperatively, (7)
close neurologic surveillance, (8) use of a midline
technique, (9) administration of saline solution
through the needle to distend the epidural space
before insertion of the catheter, and (10) neuraxial
instrumentation postoperatively only after nor-
malization of coagulation. Ho et al. [41] advised
that significant breaching of such protocols would
likely increase the risk of adverse events. Notably,
their paper was published with no spinal hemato-
mas following epidural catheterization during
cardiac surgery.

Bleeding Risk Assessment

A bleeding risk score (Table 7.1) can be esti-
mated based on various bleeding risks, such as
specific anticoagulants and bleeding disorders.
The goal of this scoring system is to quickly
identify patients that are at increased bleeding
risk. This framework helps physicians and non-
physicians to assess the bleeding risk in specific

Table 7.1 Components of bleeding risk associated with
interventional pain procedure

Risk factors associated with technique Score

Proximity to significant vascular structures 1

Proximity to significant neurological structures

1
Target in a confined space 1
Use of a sharp, rather than blunt, needle to 1
reach target
Multiple passages
Contrast not used, if applicable

Fluoroscopy not used, if applicable

— | =] =

Aspiration not performed or the presence of
blood at the needle hub

Needle size: larger than 20 gauge 1
Continuous, not single shot, procedure 1

Data from [40]

patients. The patient flow is rapid in a surgical
center or pain procedure suite, and a bleeding
risk score is a swift, convenient way to ensure
that patients at risk are not missed during a busy
workday. A bleeding risk instrument enables
nonphysicians to quickly bring a potential bleed-
ing problem to the attention of the physician.

Bleeding risks differ based on the type of pro-
cedure and its anatomic location (Table 7.2) [1].
These risks depend on whether the target struc-
ture is near a major vascular or neurological
structure or if it is in a confined space [1]. The
gauge of the needle and number of attempts at the
procedure also affect the bleeding risk. A bigger
needle and multiple passes of the needle into a
designated area increase the risk of bleeding [1].
The use of fluoroscopy and contrast and the use
of aspiration are factors that decrease the risk of
bleeding [1]. Finally, a procedure that is a “single
shot” may have a lower risk of bleeding com-
pared to a continuous infusion [1].

The bleeding risk score can be calculated by
using different risk factors from the type of
patient or the type of procedure involved. This
score may support clinical decision-making
about whether to cancel or carry out the proce-
dure [1]. Regardless, patient flow is rapid in inter-
ventional pain management—prone to the
possibility of failing to identify patients at an
elevated bleeding risk. The bleeding risk score is
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Table 7.2 Components of bleeding risk associated with impaired hemostasis and anticoagulant

Hemostasis | Modifying factors Score
Normal None 2
Normal History of self-limited, transient bleeding 4
disorder
Normal Normal coagulation studies despite the intake | 6 (nutraceuticals, serotonin reuptake inhibitors)
of medications that theoretically may affect
hemostasis
Normal Normal coagulation studies after 6 (e.g., warfarin was stopped 5 days earlier, aspirin
discontinuation of known anticoagulants (the | was stopped 7-10 days earlier, heparin infusion held
score may be modified, depending on when for >6 h)
the drug was stopped relative to the period of | 8 (e.g., aspirin was stopped 3 days earlier)
drug effect) 10 (e.g., warfarin was stopped 2 days earlier, heparin
infusion was stopped 4 h earlier)
6-10 (e.g., factor or blood product replacement
therapy in specific acquired and congenital bleeding
disorder)
Abnormal | Active consumption of anticoagulants that 10 (low-dose aspirin, NSAIDS)

cannot be held (the score may be modified
based on the specific anticoagulant and
abnormal coagulation studies)

12 (subcutaneous heparin, low-dose Coumadin

(INR < 1.4), medium- to high-dose aspirin,
ticlopidine, clopidogrel)

14 (low-molecular-weight heparin, Coumadin (INR
1.5-2, GplIb/Gpllla inhibitors))

16 (intravenous heparin bolus, Coumadin [INR 2-3])
16-18 (thrombin inhibitors)

18 (high-dose intravenous heparinization and
warfarin, INR >3)

Abnormal | Known history of medical bleeding disorder 20 (thrombolytics)
(the score may be modified if there is a history | 10 (thrombocytopenia >80,000)
of easy bruisability, deep versus superficial 12 (thrombocytopenia <80,000, idiopathic
bleeding episodes, or spontaneous versus thrombocytopenic purpura, renal failure-uremia)
traumatically induced bleeding episodes) 12-14 (von Willebrand’s disease, depending on
severity)
14 (vitamin K deficiency)
14-18 (hemophilia A and B, depending on the
severity of factor deficiency)
14-18 (liver disease, depending on severity)
Abnormal | Known history of significant bleeding with 18
procedures but cause not identified
Abnormal | Major hemorrhage due to incompetent 20 (disseminated intravascular coagulation)

coagulation system

Adapted from [41]

helpful for physicians, nonphysicians, and health-
care teams to rapidly identify patients at risk of
bleeding. This numerical bleeding score improves
health-care safety with the intent of facilitating
health-care communication.

In the absence of anticoagulation, neuraxial
procedures are low-risk procedures, in regard to
the development of a spinal hematoma. Neuraxial
procedures can be safe even if the patient is tak-
ing aspirin or nonsteroidal anti-inflammatory

drugs. This systematic review suggests that no
definitive conclusion can be reached regarding
minimizing spinal hematoma or major bleeding
risk, in the setting of anticoagulant therapy or
impaired hemostasis. In this scenario, guidelines
and recommendations based on sensible prac-
tices are advised. An adequately powered study
to understand the true risk of bleeding in patients
on anticoagulation or with a coagulopathy fol-
lowing an interventional spine procedure would
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Time of Intraoperative
Neuraxial Needle or

Catheter Insertion
[}

NSAIDs/Aspiri2 No added significant risk

Unfractionated

Time of Postoperative
Neuraxial Catheter

Removal
[)

No specific concerns

No specific concerns_wait 1 h Resume

Heparin (SC) with insertiop with timing of removal anticoagulants
Unfractionated wait2-4h | wait1h Resume wait2-4h | wait1h Resume
Heparin (IV) ® » p— > ® i >
eparin (IV) anticoagulants anticoagulants
Low Molecular+ wait10-12h | wait>2h Resume wait 10-12h* | wait>2h Resume
. . @ b @ | Py »
Weight Heparin®—» o » O »

Warfarin18

anticoagulants

Check PT and INR|if dose given > 24 h

anticoagulants

No definitiverecommendations: <
L4

previously or if > 1“dose given

check PT an‘a INR daily

Fig. 7.1 Recommendations for anticoagulated patients undergoing image-guided spinal procedures (adapted from [43])

require a very large number of subjects. This
would put many patients at risk and would be
unethical. The FDA MedWatch system [42]
alerted practitioners to the risks of spinal hema-
toma in patients on low-molecular-weight hepa-
rin. This changed the precautions that were taken
in interventional pain and regional anesthesia
procedures in America. Now, there are guidelines
or mathematical estimations of risk [41], such as
those proposed by the American Society of
Regional Anesthesia (Fig. 7.1) [38]. Nonetheless,
spinal hematomas can still arise with close adher-
ence to guidelines. Furthermore, interventional
spine procedures have greater variations with
respect to anatomical localization, technique,
practitioner expertise, and needle or catheter
type. In the absence of sufficient information, a
bleeding score/risk assessment may be incorpo-
rated into the clinical decision-making of inter-
ventional pain practitioners.

Conclusion

Interventional pain physicians perform proce-
dures that carry a finite amount of bleeding risk.
Many patients at increased risk either have con-
genital or acquired bleeding disorders or are tak-

ing anticoagulant agents. Bleeding risk
assessments aid in patient safety so that risk fac-
tors are not overlooked. Understanding the possi-
ble bleeding complications of patients at increased
risk and interventional procedures that are high
risk due to anatomic location is imperative to
improving patient safety. Pain physicians and
anesthesiologists must understand the risks of
many different bleeding assessments in order to
make informed decisions about interventional
procedures.

The patient should be counseled extensively
on the risk-benefit analysis, for the purposes of
informed consent and shared decision-making.
Patients must understand that there is no way to
reduce the risk of a spinal hematoma or major
bleeding to zero. Physicians have many difficult
decisions in patients with higher risk such as
stopping an anticoagulant, correcting a hemo-
static disorder, modifying an interventional tech-
nique, or pursuing less-invasive pain therapies.

The bleeding risk assessment is a summation
of the patient- and technique-specific bleeding
risks that are added together to create an overall
risk of bleeding score [1]. Physicians and nonphy-
sicians can both quickly and efficiently calculate
this overall risk and use this vital piece of infor-
mation to increase patient safety. This overall risk
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score may facilitate clinical decision-making as
well as improve safety [1].

Based on the authors’ review of the literature,
physician best practice guidelines should be fol-
lowed to help decrease the risk of spinal epidural
hematoma and other adverse reactions. A clini-
cian should use these recommendations along
with his or her own clinical judgment in order to
decrease the risk of adverse events in a patient.
Clinical guidelines and mathematical estima-
tions of risk may partially fill this void. To help
with decision-making, an overall risk of bleed-
ing risk score has been proposed by a narrative
review [2]. This score may support clinical
decision-making about whether to cancel or
carry out the procedure [2]. As for specific best
practice recommendations, we support the
Assessment of Bleeding Risk of Interventional
Techniques: A Best Evidence Synthesis of
Practice Patterns and Perioperative Management
of Anticoagulant and Antithrombotic Therapy
recommendations of continuing NSAIDs and
low-dose aspirin and phosphodiesterase inhibi-
tors, e.g., dipyridamole, cilostazol, and
Aggrenox, during interventional techniques.
Recommendations for discontinuation of anti-
platelet therapy with platelet aggregation inhibi-
tors, including clopidogrel, ticlopidine, and
prasugrel, are variable with clinical judgment to
continue or to discontinue based on factors such
as patient’s condition, the planned procedure,
risk factors, and cardiologist’s input. Low-
molecular-weight heparin or unfractionated hep-
arin may be discontinued 12 h prior to performing
interventional techniques. Warfarin should be
discontinued or international normalized ratio be
normalized to 1.4 or less for high-risk proce-
dures and 2 or less for low-risk procedures based
on risk factors. It is also recommended to dis-
continue Pradaxa for 24 h for paravertebral inter-
ventional techniques in 2—4 days for epidural
interventions in patients with normal renal func-
tion and for longer periods of time in patients
with renal impairment, and to discontinue rivar-
oxaban for 24 h prior to performing interven-
tional techniques [1]. Finally, consider holding
agents that can cause additive or synergistic
effects, such as fish oil or herbal products which
can interfere with the coagulation cascade, etc.

Clinical Pearls

e Discontinue  chronic  warfarin  therapy
4-5 days before spinal procedure—the INR
should be within the normal range at the time
of procedure.

* No contraindications with aspirin or NSAIDs.

e Thienopyridine  derivatives:  clopidogrel
should be discontinued at least 7 days prior to
procedure, and ticlopidine should be discon-
tinued at least 14 days before a procedure.

e GplIb/Gpllla inhibitors should be discontin-
ued to allow recovery of platelet function prior
to procedure (8 h for tirofiban and eptifibatide,
48 h for abciximab).

e Thrombolytics/fibrinolytics: an extremely
high risk of bleeding; neuraxial techniques
should be avoided; no recommendations for
timing of catheter removal in those patients
who unexpectedly receive fibrinolytic
or thrombolytic therapy. Follow fibrinogen
level to assist in timing of catheter removal
and observe for signs of neural compression.

e LMWH: delay procedure at least 10-12 h
from the last dose of thromboprophylaxis
LMWH. For “treatment” dosing of LMWH, at
least 24 h should elapse prior to procedure.
LMWH should not be administered until
6-8 h after neuraxial needle or catheter place-
ment. Therapeutic LMWH should not be
given until 4 h after catheter removal.

e Unfractionated SQ heparin: patients receiving
twice daily dosing of 5000 U can have neur-
axial anesthesia with little increased risk.
There are no contraindications to neuraxial
procedure if total daily dose is less than
10,000 U. For higher dosing regimens, manage
according to intravenous heparin guidelines.

e Unfractionated I'V heparin: delay spinal punc-
ture 2—4 h after the last dose; document nor-
mal aPTT. Heparin may be restarted 1 h
following procedure.

e There should be a low threshold for obtaining
an MRI if a patient demonstrates progressive
neurological impairment.

e The incidence of clinically significant spinal
hematoma has been estimated to be <l of
150,000 epidural anesthetics and <1 of 220,000
spinal anesthetics for noncardiac surgical cases.
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During preoperative assessment, have patients
discontinue products that can potentially
interfere with the coagulation cascade, such as
herbal products, fish oil, etc.

There is an ASRA app that can be downloaded
which will provide guidance on how long to
hold any medication that has a blood thinning
effect. The app divides procedures from low,
medium and high risk procedures.

Review Questions

1.

A bleeding risk score is useful for estimating

which of the following?

(a) Physicians can estimate bleeding risk
based on patient- and technique-specific
factors.

(b) Physicians can estimate the amount of
blood a patient may lose during an inter-
vention pain procedure.

(c) This score may support clinical decision-
making about whether to cancel or carry
out a procedure.

(d) (a) and (c).

Neuraxial procedures are usually safe, with

respect to the development of a spinal hema-

toma, in the absence of which of the
following?

(a) Warfarin

(b) Aspirin or nonsteroidal
inflammatory drugs

(c) Low-molecular-weight heparin

(d) (a) and (d)

anti-

. Which of the following is a contraindication

to neuraxial anesthesia?

(a) Oral anticoagulation
(b) Thrombolytics

(c) Unfractionated heparin
(d) All of the above
Which of the following is considered thieno-
pyridine derivative?

(a) Clopidogrel

(b) Dipyridamole

(c) Lepirudin

(d) Fondaparinux

10.

Neuraxial procedures should be avoided for

4 weeks following a glycoprotein receptor

antagonist. Which of the following is not a

glycoprotein receptor antagonist?

(a) Abciximab

(b) Tirofiban

(c) Eptifibatide

(d) Prasugrel

Which of the following can lead to platelet

dysfunction and hemostatic defects?

(a) Renal disease

(b) Liver disease

(c) Vitamin K deficiency

(d) All of the above

Which of the following is considered the

“universal” hemostatic agent and can be

used to control surgical or trauma-associated

bleeding in patients with hemophilia A?

(a) Recombinant VIla

(b) Recombinant VIa

(¢) Recombinant IVa

(d) Recombinant VIIIa

Which of the following is not a characteristic

of von Willebrand’s disease?

(a) It is the most common hereditary bleed-
ing disorder.

(b) Afflicts 1-3% of the general population.

(c) Factor VIII levels are reduced.

(d) The condition is not an autosomal domi-
nant disorder.

Which of the following is accurate concern-

ing interventional pain management?

(a) Pain procedures should be done only
after other interventions such as PT or
oral non-opiods have failed.

(b) Uses procedures to diagnose and treat
chronic pain.

(c) Perform procedures percutaneously that
often carry a risk of bleeding.

(d) All of the above.

Which of the following usually occurs after

needle trauma?

(a) A platelet plug is created in order to stop
bleeding.

(b) Glycoproteins
endothelium.

adhere to injured
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11.

12.

13.

14.

15.

(c) Von Willebrand factor (vWF), a protein
found in subendothelial tissues, facili-
tates platelet adhesion.

(d) All of the above.

Which of the following is true concerning

cyclooxygenase inhibitors?

(a) They disrupt the formation of thrombox-
ane A2.

(b) They stimulate the production of throm-
boxane A2.

(c) NSAIDs irreversibly inhibit cyclooxy-
genase for the life of platelet.

(d) Aspirin reversibly inhibits this enzyme.

Thienopyridine inhibitors interfere with pri-

mary and secondary platelet aggregation due to

ADP binding and subsequent activation of the

GplIb/GpllIb receptor complex. Which of the

following is not a thienopyridine inhibitor?

(a) Heparin

(b) Prasugrel

(c) Ticlopidine

(d) All of the above are thienopyridine
inhibitors

Clopidogrel should be held for how many

days prior to a neuraxial procedure?

(a) 9 days

(b) 2 days

(c) Sdays

(d) 7 days

Ideally, what should be sought prior to the

neuraxial block?

(a) AnINR less than 1.3

(b) An INR Iess than 2.3

(¢) AnINR less than 2.5

(d) AnINR Iless than 3

With regard to communicating the risk-

benefit analysis with patients, which of the

following is true?

(a) Patients must understand that there is no
way to reduce the risk of a spinal hema-
toma or major bleeding episode to zero.

(b) Difficult decisions about stopping anti-
coagulants may need to be made.

(c) Pursuing less-invasive pain therapies
may be a safer choice for a patient with
hemostatic disorders.

(d) All of the above are true.
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Answers:

1. d

2.d

3.d

4. a

5.d

6. d

7. a

8. d

9.d

10. d

11. a

12. a

13. d

14. a

15. d
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Introduction

The appropriate management of pain has many
benefits. Evidence for improved patient out-
comes, in particular, has given physicians a popu-
lar and professional mandate to better manage
pain [1]. The Joint Commission on Accreditation
of Healthcare Organizations (JCAHO) now
requires the recording of pain as a “Sth vital
sign.” Unfortunately, there is well-publicized evi-
dence that pain continues to be inadequately
managed [2, 3].

By virtue of their clinical training, scope of
practice, and historical innovation, anesthesiolo-
gists are uniquely qualified and, indeed, expected
to assume a leadership role in acute perioperative
pain management. As the primary practitioners
of regional techniques, anesthesiologists play a
critical role in the delivery of state-of-the-art
multimodal opioid-sparing techniques designed
to maximize pain relief while minimizing side
effects [4]. Within the specialty, this has led to a
renaissance in the field of regional anesthesia.
Yet, effectively responding to the many chal-
lenges presented by the expansion of anesthesia
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practice into the realm of pain management
requires a conscious effort by practitioners, espe-
cially by those in community practice whose for-
mal training may not have adequately prepared
them for this eventuality. Therefore, it is not sur-
prising that despite evidence-based data to sup-
port their benefits, these opioid-sparing regional
techniques appear to remain underutilized, espe-
cially in the community practice setting.

In many respects, the pain associated with
orthopedic surgical procedures is ideally suited
to a multimodal approach. The significant degree
of pain associated with many orthopedic proce-
dures warrants the time and effort of regional
anesthesia. Advanced pain management is fur-
ther justified as it allows many orthopedic proce-
dures to be performed on an ambulatory basis
that would otherwise require hospitalization.
Preservation of oral intake usually permits the
utilization of a wide spectrum of pharmacologic
agents. Regional techniques are often able to be
targeted at extremity pain with minimal hemody-
namic effects. Finally, certain orthopedic proce-
dures (e.g., total hip and knee arthroplasty) are
performed frequently enough to warrant the
development of standardized multimodal analge-
sic pathways.

It is easy to appreciate that what actually con-
stitutes “community practice” is an incredibly
diverse reality. Practitioners may be solo or have
any number of department members (which may
include subspecialty-trained physicians, CRNAs,
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or nurse practitioners), with practice settings
varying from hospitals to ambulatory surgery
centers to office-based care. It would be impos-
sible to address the unique issues of orthopedic
pain management in each community practice
circumstance. The intent of this chapter is to
identify the common hurdles that exist in a com-
munity practice environment and present broad
concepts and directions to overcome these hur-
dles to achieve a common goal: creating a cul-
ture of consistent and efficient acute pain
management that extends beyond the operating
room.

Identifying the Challenges

Important differences exist between academic
and community practice. The realities of the
modern community practice setting often present
obstacles to the effective delivery of regional
anesthesia. For many anesthesiologists in com-
munity practice, the issue is not whether regional
anesthesia can benefit patients, but whether these
techniques are realistically transportable from the
academic setting into the community practice
arena. While practice environments vary greatly
among facilities, some generalizations include
the following:

Institutional Challenges

Physicians in community practice are often
wedged in a culture of conformity. A general
anesthetic utilizing postoperative opiate therapy is
reliable and requires less technical skill and mini-
mal organizational adaptations. Institutions lack-
ing leadership in acute pain medicine are poorly
positioned to fully utilize the many recent
advances in this rapidly growing field.
Furthermore, once a culture of medical practice is
established, a transformation in this culture is dif-
ficult to accomplish. Implementing regional anes-
thesia-based acute pain protocols under these
entrenched circumstances requires considerable
effort and vision. If the institutional hierarchy

fails to appreciate the many benefits of advanced
pain management, this lack of support may make
it difficult to obtain necessary staff, supplies, and
equipment. This is especially true for expensive
technology like ultrasound equipment.

Community practices also frequently lack
accommodating facilities commonly encoun-
tered in academic environments, such as desig-
nated areas for the performance of regional
blocks (block rooms) (Fig. 8.1). The optimal tim-
ing and location for regional anesthesia under
these circumstances tends to be dictated by indi-
vidual circumstances (nurse and anesthesia per-
sonnel staffing, room turnover times, patient flow
within a facility, available equipment, etc.). In an
effort to overcome these infrastructural hurdles,
physicians often must either perform regional
techniques in less than desirable locations or
abort the prospect altogether.

Fig. 8.1 Photo of a block area. At our hospital, epidural
and peripheral nerve blockade are frequently performed in
the PACU. The block area is a dedicated patient location
that includes full monitoring, the regional block ultra-
sound unit, stimulating catheters, and a fully stocked
regional anesthesia cart. It is immediately adjacent to the
operating room and allows rapid turnover with minimal
distraction
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Time Pressures

Anesthesiologists in community hospital practice
often operate in a competitive, fast-paced, high
volume, fee-for-service environment. The focus
of this environment is clearly on the efficient per-
formance of surgery including operating room
turnover and not the optimal management of
postoperative pain. One example of the acceler-
ated pace of community practice is the striking
difference that has been noted between the
median duration of surgery for private practice
(1.5 h) and academic centers (2.6 h) [5]. A conse-
quence of the high volume and accelerated pace
along with the need to satisfy surgeons is the
desire to avoid delays at all costs. Compounding
this situation, anesthesiologists in community
practice are commonly unable to be freed from a
case to perform a block on their next patient.
These considerations can create significant time
pressures that can easily compromise the man-
agement of pain. These issues are compounded
as they are set against the background of capri-
cious insurance reimbursement and a hostile
medicolegal environment familiar to all
practitioners.

Surgeon Resistance

Any discussion of anesthesia choices in private
practice must address the influence of surgeons,
who are often considered either proponents or
opponents of regional anesthesia. Just as surgical
support for regional techniques can greatly facili-
tate their acceptance, resistance from surgical
colleagues can be a significant hurdle. A 2002
survey of orthopedic surgeons found that the two
principal reasons for not favoring regional anes-
thesia were OR delays and unpredictable success.
The principal reasons for favoring regional anes-
thesia were less postoperative pain, decreased
nausea and vomiting, and safety. If we can con-
vince our surgical colleagues regarding the ben-
efits of regional anesthesia, they may instead act
as advocates in our mission to educate the public.
These issues may be resolved with physician

education, improvements in training, and organi-
zation of the regional anesthesia facility [6].
There are a myriad of opportunities for anesthesi-
ologists to adequately position themselves in a
variety of hospital settings to champion the ben-
efits of their craft; establishing a presence in the
presurgical testing is an ideal platform to set
expectations and develop a collaborative analge-
sic plan that allows patients both to feel empow-
ered and to be drivers of their postoperative
experience.

Deficiencies in Training

Few anesthesiologists in community practice
have advanced clinical training in regional anes-
thesia or pain management. While the training of
anesthesia residents is generally adequate for spi-
nal and epidural techniques, exposure to periph-
eral nerve blocks may be inadequate. Kopacz and
Neal reported in 2002 that as many as 40% of
anesthesiology residents in the United States may
not be receiving the minimal required level of
exposure to peripheral nerve blocks [7]. Given
the large number of different regional techniques,
anesthesiologists may complete their residency
training without sufficient experience in perineu-
ral techniques to feel confident as they enter com-
munity practice. Reflecting this narrowed comfort
zone, German anesthesiologists who practice in
small hospitals have been shown to rely heavily
on basic regional techniques, in contrast to con-
sultants at teaching institutions [8]. The explo-
sive growth of perineural techniques has clearly
outpaced the experience of many already in prac-
tice. Given these observations, it is not surprising
that anesthesiologists in community practice
have been noted to perform significantly fewer
peripheral nerve blocks than those who practice
in teaching institutions (p = 0.05) [9]. Finally,
those who are trained in advanced pain therapies
may be challenged to find that many anesthesia
colleagues in community practice may be
uncomfortable or disinterested in providing
cross-coverage for unfamiliar pain management
techniques.
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Personnel Issues

Many anesthesia departments in community prac-
tice settings are small or minimally staffed; assis-
tance with blocks may be unpredictably available
and involve personnel having minimal experience
with regional procedures. Galvanizing the nursing
staff may be the most effective alternative for
anesthesiologists in community practice to culti-
vate a reliable first assistant with peripheral nerve
blockade. During regular hours, practitioners may
be largely confined to the operating room, unable
to be freed from a case to perform a block on their
next patient, and having limited ability to attend
to the needs of hospitalized patients. In many
cases, pain management coverage during odd
hours may well be covered from home.

Patient Resistance

The public’s fears and distorted perceptions of
pain from needle passage, paralysis, and a wake-
ful state can also hinder the assimilation of
regional techniques into daily practice. There is a
serious and underappreciated risk of serious
injury from parenteral opiates. The public does
not understand the risks and benefits of regional
anesthesia in addition to having an underapprecia-
tion of the dangers of postoperative opiates [10].
More problematic is the concept that anesthesiol-
ogists do not understand the general public’s fears
of regional anesthesia. This is evidenced by the
finding that anesthesiologists’ perceptions dif-
fered from the actual fears of interviewed patients.
The anesthesiology community has not been suc-
cessful in keeping the public well-informed
regarding regional anesthesia. Future anesthesia-
related educational programs should address the
concerns of the public about anesthesia matters,
particularly regional anesthesia [11].

Overcoming the Challenges

The issues presented above represent significant
hurdles to the management of pain in the commu-
nity practice setting and mandate a disciplined and
pragmatic approach to this aspect of patient care.

Successfully overcoming these hurdles requires a
thoughtful and comprehensive approach.

Create a Physical Environment
Conducive to Regional Anesthesia

A block room can greatly facilitate the preopera-
tive performance of regional techniques and in
one study resulted in an operating room time sav-
ings of over 20 min per case [12]. However, the
economic feasibility of a dedicated block room is
questionable, and a designated preoperative
“block area” can be a reasonable alternative.
Pressures to maintain OR flow and limit delays
make the postanesthesia care unit (PACU) an
excellent substitute for a block room if one does
not exist. Consider isolating a single patient bay
in a corner of the PACU to perform regional tech-
niques preoperatively (Fig. 8.1). While many
regional procedures can be performed with mini-
mal assistance, each should be preceded by a
“time-out.” In addition to participating in the
time-out, preanesthetic site verification with a
signature of the involved extremity by the proce-
durist may help to prevent wrong-sided block
errors. PACU nurses are exceptionally trained in
monitoring and can serve as excellent assistants
if dedicated personnel are unavailable.
Furthermore, patients can be expeditiously trans-
ferred because of the PACU’s close proximity to
the OR. Regardless of locality, several regional
anesthesia texts should be readily available wher-
ever blocks are performed.

The efficiency of regional anesthesia is
enhanced by keeping supplies together in a stan-
dardized “block cart,” which has the additional
advantages of being mobile and able to hold
resuscitative equipment (Fig. 8.2). A sufficient
supply of intralipid should be stocked wherever
local anesthetics are to be used. Lipid emulsion
bolus followed by infusion represents a novel
resuscitation method that has demonstrated effi-
cacy in the treatment of local anesthetic toxicity
[13]. Contents of a regional anesthesia cart should
now include a 500-ml vial of 20% intralipid,
60-ml syringe, and a macrodrip infusion kit. A
lipid rescue algorithm (Appendix 1) should be
posted on this block cart (see Fig. 8.2) to aid the
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Fig.8.2 Photo of the contents of a typical regional anes-
thesia cart. The cart includes catheters, stimulators, local
anesthetic solutions, gowns, gloves, and prep solutions.
Of importance, the cart is also stocked with resuscitative
medications and intralipid solutions for emergency treat-
ment of local anesthetic-induced cardiotoxicity

practitioner and to provide immediate visual cues
in the event of an unintended intravascular injec-
tion. An educational website has been created
(http://www.lipidrescue.org) and serves as an
excellent instructional resource for physicians to
learn about lipid emulsion therapy.

The postanesthesia care unit (PACU) serves as
an important environmental “hub” in the man-
agement of acute postoperative pain. It is here
that a smooth transition from surgical anesthesia
to postoperative analgesia must occur. Having
standardized infusion solutions for peripheral
nerve blocks available in the PACU facilitates
this smooth transition by greatly enhancing the
ability to promptly initiate analgesic regimens.
The PACU also frequently serves as the pain
management communication center, where
patients are identified as requiring postoperative
rounds by the acute pain service. A pain manage-
ment logbook or index card file (Appendix 2)
usually serves this purpose.

Establish a Multidisciplinary Pain
Management Team

Implementation of evidenced-based guidelines
for pain management alone is inadequate to
achieve advances in patient outcomes. A

consistent and comprehensive approach to the
management of acute pain involves the patient
and every member of their care team. Success
of the service is predicated on collaboration
among physicians, nurses, ancillary staff, and
hospital administration. The cornerstone of this
interdisciplinary effort is communication.
Shortcomings in the effective management of
acute pain can usually be overcome through
efforts to improve communication, education,
and coordination of care. Integrated collabora-
tions between the medical, nursing, and ancil-
lary staff are needed to achieve the full benefits
of an improved analgesic regimen [2, 14]. A
process for inpatient postoperative follow-up is
a clinical imperative. It is useful to briefly con-
sider how anesthesiologists may effectively
interact with each component of this interdisci-
plinary effort.

Senior Leadership

Coordination of a successful pain management
program requires strong institutional support.
Plans for major initiatives should be dissemi-
nated to the senior leadership at both medical and
hospital board levels delineating the benefits of
the service. Institutional support for pain man-
agement efforts is essential if additional staffing
will be required and also necessary to obtain nec-
essary supplies and equipment. It is of no small
import in this regard that ultrasound guidance for
regional anesthesia can often be viewed as an
institutional revenue generator [15]. Any efforts
that will look to maximize patient safety, improve
patient care, enhance operating room efficiency,
and decrease length of stay will certainly be
embraced and highlight the efforts of the depart-
ment toward developing new standards of prac-
tice and “service excellence.”

Anesthesia Department

Establish a Core Group Within Your Ranks

Surprisingly, the greatest resistance to the suc-
cessful integration of regional techniques in
community practice may come from within the
department of anesthesiology itself. A lack of
interest or inexperience and consequent medico-
legal concerns may lead some colleagues to
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oppose implementing techniques that are per-
ceived to require greater technical skill. The col-
laborative effort for the success of the initiative
needs to start within the department of anesthe-
siology and an important core group of partners
is needed to support the formation of the
regional anesthesia service. Establish a mini-
mum level of proficiency within the department
by creating opportunities to mentor partners
with less experience with both didactic and
practical instruction. Establishing a single pri-
mary location for block placement (such as the
PACU) facilitates the education of other anes-
thesia team members, where members can
gather together, learn each other’s techniques,
and share information. Creating a core group of
partners promotes an infrastructure of technical
support making these analgesic techniques
available to all patients as well as allowing the
burden of work to be shared. There is encourag-
ing evidence that motivated practitioners can
successfully utilize even the most complex
regional techniques in the community practice
setting, as was demonstrated for ambulatory
continuous interscalene blocks [16].

Appoint a Leader/Physician Champion

The challenge to overcome obstacles to regional
anesthesia will tend to fall on the shoulders of
one individual within the anesthesia department.
Ideally, one member of the anesthesia staff will
assume the role of “physician champion” for the
acute pain service. While this individual may or
may not be uniquely qualified by virtue of train-
ing or experience, it is essential that they possess
a genuine interest in acute pain medicine as well
as good communication and problem-solving
skills. Let there be no mistake; the passion and
persistence of one individual to persevere
through the initial resistance of surgical, nursing,
and anesthesia ranks is critical to the initiative!
This individual must shoulder the responsibility
of staff education, standardization, documenta-
tion and advocacy. Recognition of this individ-
ual within the institution and the department of
anesthesiology as the leader in acute pain man-
agement will assure program quality and
continuity.

Physician Organization

Surgeons

Surgeon acceptance of the use of regional anes-
thesia is critical. The fact that advanced
anesthesia-based pain control methods can result
in superior pain control is generally insufficient
in itself to justify the additional time and effort
required to generate genuine surgical support.
Successful implementation of a multimodal
approach to pain management is grounded in a
close collaboration with surgical colleagues.
Surgeons must be involved in the development
of pain management protocols for their patients
and, ultimately, endorse the chosen plan.
Assuming responsibility for postoperative anal-
gesia orders by the anesthesia-based acute pain
service avoids the duplication of efforts by both
departments as well as mitigates the presumed
“burden” of managing pain from the surgical
specialty. This approach also strengthens our
desired perception as involved participants in
patient care.

Surgeons can be the greatest advocates for the
routine use of regional anesthesia and are the
drivers of patient acceptance; an effective plat-
form for this advocacy can be the creation of a
standing multidisciplinary grand rounds format
with representation and attendance by both anes-
thesia and orthopedic colleagues [17]. As noted
above, patients will tend to be more receptive to
regional techniques if they are introduced to the
possibility by their surgeons. Identifying which
surgeons are supportive of the initiative before
implementing the service to the entire depart-
ment will ensure acceptance of the techniques
and increase success. The survey mentioned
above regarding resistance to regional anesthesia
among orthopedic surgeons provides some valu-
able insight into the rationale involved [6].
Although surgeons reported predictable concerns
with regional anesthesia regarding operating
room delays and unpredictable success, when
data were reanalyzed, investigators found that
these perceptions of delays or success rate were
surprisingly not predictive of their preferences
for regional anesthesia [18]. Instead, they found
that a surgeon’s preference for peripheral nerve
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blocks for his or her own surgery strongly pre-
dicted their preference for his or her patients.
Importantly, a significant number of surgeons
would want peripheral nerve blocks for some sur-
gical procedures but not others, probably based
on perceptions of how painful a surgery may be.
These data serve to emphasize the value of dis-
cussing procedure-specific anesthesia choices
with surgeons, focusing on what they would want
for their anesthetic if they were the patient and
why. Finally, distribution of educational pam-
phlets delineating analgesic options in addition to
highlighting the multidisciplinary collaboration
between the two disciplines is an effective way to
demonstrate our ownership of success in this
initiative.

Nonsurgeon Physicians

Primary care physicians are intimately involved
in the care of many sicker patients postopera-
tively and also commonly deal with acutely pain-
ful but nonsurgical conditions. Education of these
practitioners can, through a clearer understand-
ing of the benefits and limitations of anesthesia-
based pain management modalities, generate
appropriate referrals and improve the quality of
care. Presentation at medical grand rounds is an
effective means of efficiently educating these
providers.

An often overlooked area of pain management
in hospitals is the emergency room. There is
ample evidence that pain continues to be inade-
quately managed in the ER setting and could be
improved upon [19]. The early performance of a
fascia iliaca block for patients with hip fractures,
for example, is a safe and simple intervention that
can control pain and minimize opioid use in a
frail, elderly population [20]. Anesthesiologist
attendance at an emergency room departmental
meeting can be one means of educating emer-
gency physicians and help expand the service
beyond the operating room. Creation of a “‘code
hip” process where the admission of a hip frac-
ture triggers a contemporaneous anesthesia con-
sult for both expedient operative intervention in
addition to evaluation of pain management
modalities is an example of this multidisciplinary
collaboration.

Nursing Staff

Optimal analgesia requires careful therapeutic
fine-tuning to maximize the benefits and mini-
mize the risks and side effects of therapy, neces-
sitating an organized service beyond the operating
room [21]. Nursing staff support is an implicit
prerequisite to the viability of an anesthesia-
based acute pain management service. While
physician leadership is required to champion the
goals of the service in a physician-directed nurse-
delivered model, the nursing staff is empowered
to assess, manage, and ultimately treat the patient.
Regardless of the diversity that exists in the vari-
ety of anesthesia staffing models, this arrange-
ment creates an infrastructure of support resulting
in close patient surveillance preventing the occur-
rence of any analgesic gaps. Establishing this
link allows advanced regional techniques to be
safely utilized in any institutional setting.

Analgesic protocols and order forms serve as
an extension of the physician (Appendices 3-5).
The nursing staff utilizes these guidelines as an
instrument for the ongoing care of the patient.
Implementing a nursing assessment flow sheet
has been a valuable tool to allow our nursing staff
to both monitor as well as intervene along an
algorithmic decision tree to facilitate care
(Appendix 6). Although certain institutions have
found optimal function with the addition of a
clinical nurse specialists specially trained in pain
management, our experience has demonstrated
that floor nurses can accomplish our goals of con-
tinuous monitoring and adjustment of therapy
without the need for additional personnel.

It is important that the degree of insight by
nurses into acute pain management modalities
extends deeper than the physician orders. While
written orders should clearly delineate nursing
responsibilities, nurses should also understand
the rationale for pain management choices and
appreciate the nuances of each. Direct involve-
ment by the department of anesthesiology in
nursing education is one means of effectively
preparing hospital staff for full participation in
the management of acute pain. The didactic
instruction should include a comprehensive
description of the normal side effects and compli-
cations from regional anesthesia techniques,
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simulation of a collaborative team approach to
the expedient treatment of local anesthetic sys-
temic toxicity (LAST), care for/troubleshoot
catheters and infusion pumps, and the delineation
of discharge instructions to patients (Appendix
7). A system for follow-up with outpatients must
also be established (with a phone call from nurs-
ing generally being sufficient). A formal process
of continuing education where the nursing staff is
credited with continuing education units (CEUs)
maintains the integrity of the service and ensures
optimal nursing assessment and management
skills.

Given the large number of nurses required to
fill all shifts and the inevitable turnover of staff,
institutions should plan for continuous training in
pain management protocols. A video presenta-
tion, even as simple as a recording of an inservice
provided by anesthesia staff, can be an effective
tool for ongoing nursing education. The hospital
newsletter can also be an effective vehicle to
communicate certain pain control issues to nurs-
ing as well as all hospital staffs.

Ancillary Staff

The department of physical therapy plays a cru-
cial role in the transition from the acute postop-
erative period to eventual functional outcome.
Better management of pain facilitates more
aggressive physiotherapy regimens, which may
improve outcomes and decrease hospital length
of stays [22]. Physical therapists need to be edu-
cated regarding the potential for motor blockade
with lower extremity regional techniques and
how this may impact ambulation. Inpatient falls
with consequent injury are viewed by our regula-
tory bodies as hospital-acquired conditions
reflecting poor quality with the possible conse-
quence of financial penalties for the institution.
Advances and innovations in the field of regional
anesthesia (i.e., adductor canal blocks vs. femo-
ral nerve block, periarticular infiltration of local
anesthetic) continue to address the association
between quadriceps blockade and fall risk while
driving equianalgesic outcomes launched on a
platform of perineural blockade and multimodal
analgesia [23].

While pharmacists are often viewed as being
somewhat removed from direct patient care, their
involvement is essential to a smoothly operating
acute pain management system. Standardizing
the volume and concentration of analgesic infu-
sion solutions can help reduce the risk of medica-
tion error. Stocking supplies of premixed
standardized infusion agents in a convenient
location (e.g., the PACU) is more efficient than
an on-demand system for pharmacy and also
helps to ensure the timely availability of solu-
tions. Using appropriate sterile procedures, phar-
macists may also be able to fractionate certain
agents into clinically useful amounts (e.g., 1 mg
preservative-free clonidine into 100 pg single-
dose volumes).

Due to the variability in staffing models that
exist in a variety of community practice settings,
assistance with blocks may be unpredictable.
Ancillary personnel have become an integral part
of preanesthetic site verification to prevent
wrong-sided block errors. With specialty training
in monitoring and respiratory function, the
recruitment of recovery room personnel and
respiratory therapists can effectively accomplish
many goals; they can become critical compo-
nents of the preprocedure “time-out,” monitor
patients during and after block placement, and
provide effective support during emergency
situations.

Multimodal anesthetic techniques can
improve discharge predictability and acceler-
ate discharge eligibility. If social services are
not involved early in the patients’ perioperative
course, these advantages can go essentially
unrecognized. Preoperative patient education
sessions describing the perioperative course
may help to overcome common social delays in
discharge (nursing home placement, patient
transportation, lack of home readiness by fam-
ily members, patient concerns resulting in
requests for extended hospital stay), facilitat-
ing early discharge planning. Engaging the
social service department in a comprehensive
patient care plan at the beginning of hospital
admission allows for the timely discharge of
patients [24].
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The Public

Informed patients, through more accurate per-
ceptions and realistic expectations, enable the
successful management of their own acute post-
operative pain. Due to the limited opportunity for
anesthesiologists to establish rapport in the rapid
operating room environment, early preoperative
patient education is desirable. Patients who are
first informed of pain management techniques by
their surgeon (e.g., interscalene block for shoul-
der surgery, adductor canal/femoral block for
knee surgery) are more likely to be readily
accepting of anesthesiology-based pain manage-
ment pathways.

Despite limited personal contact, there are a
variety of approaches through which anesthesi-
ologists may preoperatively educate the public:
procedure-specific pain management literature
can be made available in surgeons’ offices, anes-
thesiologists can contribute to or attend “joint
replacement classes,” and patients may be
directed to appropriate sources of information.
Websites sponsored by the American Society of
Anesthesiologists  (http://www.asahq.org) and
American Society of Regional Anesthesia and
Pain Medicine (http://www.asra.com) have use-
ful areas dedicated to patient education.

Finally, it is essential that anesthesiologists
rapidly and clearly communicate acute pain
management plans during the preoperative
visit. The general public has many misconcep-
tions regarding anesthesia and pain manage-
ment that are often best discussed in a
one-on-one manner [10].

Formulate and Implement an Acute
Pain Management Plan

The community practice environment mandates a
pragmatic, team approach to pain management.
This will maximize the likelihood of satisfactory
analgesia while minimizing risks to patients or
compromise the smooth delivery of care. Ideally,
a well-formulated plan will prove to be sufficient
from the outset and not require further interven-
tion. Important concepts in this regard include:

Multimodal Analgesia
Since the pathophysiology of pain is a complex
of interrelated systems, one method of analgesia
alone is usually not sufficient to provide optimal
pain relief. Simultaneously utilizing several
approaches for analgesia takes advantage of addi-
tive and synergistic effects of different pharma-
cologic drug classes and has the potential to
provide superior pain control, avoid analgesic
gaps, and minimize adverse effects (notably
those associated with opioids). Available evi-
dence, although limited, strongly supports this
concept of multimodal analgesia. The American
Society of Anesthesiologists Task Force on
Postoperative Pain Management, which included
members from a spectrum of practice environ-
ments, concluded in its practice guidelines for
acute pain management in the perioperative
setting:

Whenever possible, anesthesiologists should

employ multimodal pain management therapy.

Unless contraindicated, all patients should receive

an around-the-clock regimen of NSAIDs, COXIBs,

or acetaminophen. In addition, regional blockade

with local anesthetics should be considered.

Dosing regimens should be administered to opti-

mize efficacy while minimizing the risk of adverse

events. The choice of medication, dose, route, and
duration of therapy should be individualized [4].

These evidence-based recommendations serve
to reinforce several points. First, overreliance on
opioid analgesia in the postoperative period is to
be avoided. Second, simple nonopioid measures
like acetaminophen and NSAIDS/COXIBS
should not be overlooked [25]. Third, whether
employed for surgical anesthesia or not, regional
blocks are an essential component in the optimal
postoperative management of pain. Finally, any
analgesic plan, including established clinical
pathways, must be tailored to each individual
patient.

Finally, while regional anesthesia is a high
profile component of multimodal analgesia,
anesthesiologists must not lose sight of the poten-
tial benefits of multimodal therapy even in the
absence of regional techniques. Several impor-
tant aspects of acute pain management, generally
outside of the direct administration by
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anesthesiologists, should be mentioned. These
include infiltration of the wound with local anes-
thetic (as a one-time procedure or continuously
administered [26], which may allow for patient-
controlled boluses) and intra-articular agents
(e.g., intra-articular morphine) [27]. Another
consideration is the preoperative administration
of analgesics (usually orally) whose duration
would be anticipated to extend into the postoper-
ative period, such as extended-release opiates
(e.g., extended-release oxycodone) or anti-
inflammatories (e.g., celecoxib). Other less well-
established adjunctive modalities such as
ketamine, gabapentin, and clonidine are being
actively investigated and may assume greater
importance in the future. As recently demon-
strated for pregabalin, there may also be signifi-
cant promise for these and other agents in the
prevention of chronic postoperative pain [28].

Clinical Pathways

Surgical procedures that entail complex periop-
erative processes have long been identified as fer-
tile ground for improving the quality and
coordination of medical care. There is evidence
that procedure-specific “clinical pathways,”
which delineate a standardized multimodal, mul-
tidisciplinary care process, can improve effi-
ciency and quality while preserving patient
satisfaction. Many orthopedic procedures, espe-
cially total joint arthroplasties (e.g., hip and
knee), are extremely well-suited for such
management.

Anesthesiologists in community practice are
encouraged to standardize their contributions to
care in a procedure-specific fashion where, for
example, every knee replacement procedure
receives a perineural approach to the femoral
nerve (adductor canal/femoral block) and every
shoulder replacement receives a perineural
approach to the brachial plexus (interscalene
block) utilizing identical equipment, supplies,
and labeled syringes on each patient. Starting the
discussion of perioperative routines in the sur-
geons’ office and later confirming these options
during the preanesthetic visit begins to establish a
habitual course of action where the pathway is
familiar to patients and caregivers. With

variability minimized, standardization of the ser-
vice instills familiarity and reliability in the pro-
cess, which saves time and reduces the risk of
iatrogenic errors.

Usually, multimodal pathways for orthopedic
surgeries prominently feature regional anesthe-
sia. Optimal management of pain, largely accom-
plished through the addition of regional
techniques, can help minimize complications
while facilitating aggressive physiotherapy,
which can result in improved functional out-
comes and decreased hospital length of stays
[29]. Rather than assume a lead role in the design
of standardized protocols, physicians in commu-
nity practice are encouraged to investigate the
current practice at academic centers. Many lead-
ers in the development orthopedic care maps
have published their experiences (e.g., the Mayo
Clinic) [30]. Analyzing and adapting such proto-
cols from academic centers, which have been
used successfully on a large scale, is likely to
prove safe and effective in the community hospi-
tal environment [31] (Appendix 8). Recent
updated evidence-based recommendations are
also available for several common orthopedic
procedures on the PROSPECT website (http://
www.postoppain.org) and published in recent
review articles [13, 32].

Judicious Use of Regional Blocks
While it may be possible to perform a regional
technique that may be useful for virtually any
orthopedic procedure, anesthesiologists in com-
munity practice are encouraged to exercise
appropriate judgment and restraint (particularly
in settings where regional anesthesia is not rou-
tine). This means that practitioners must care-
fully pick their battles and often limit regional
blocks to what would be considered to be “essen-
tial” and ideally require minimal time and effort.
Situations where basic blocks result in obvi-
ous patient benefits (the “low-hanging fruit”)
should be considered to be the foundation for
regional acceptance within an institution. It is
easy, for example, to generate a consensus of
support for a perineural approach to the femoral
nerve (adductor canal/femoral block) after total
knee arthroplasty. Momentum generated through
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a single routine can then be used to further pro-
mote regional techniques for other indications.

In the community practice environment, man-
agement should be streamlined whenever possi-
ble. While combinations of peripheral blocks
may be necessary to provide complete pain relief
following certain surgeries, single block
approaches are generally more practical. The
lack of functional improvement with the addition
of sciatic block following total knee arthroplasty,
for example, makes the perineural approach to
the femoral nerve (adductor canal approaches/
femoral block) alone an attractive choice in com-
munity practice [33]. The addition of periarticu-
lar infiltration of local anesthetic has been
demonstrated to further reduce opioid require-
ments and reduce pain scores and may have a
place as another ingredient in the multimodal
recipe for joint replacement pain [34]. Likewise,
although catheter techniques can provide supe-
rior long-term pain relief, single-shot blocks are
generally preferred unless severe pain is expected
to extend for several days.

Conceptually, the approach to regional blocks
in a community practice setting is often starkly
pragmatic when compared to an academic envi-
ronment. Practitioners should thoughtfully con-
sider specific regional blocks in light of the
following three “ideal” attributes: a single-
injection site, short needle (50 mm or less), and
supine positioning. Blocks that have high success
rates with single injections are clearly preferable
to blocks that rely on delivery of local anesthetic
to multiple locations. Supra- and infraclavicular
blocks are thereby able to be performed more
expeditiously than multiple-stimulation axillary
block. Efficacy can also be improved through
knowledge of optimal target responses for suc-
cessful block with single-injection sites (i.e., pos-
terior cord stimulation with infraclavicular block
[35] and tibial nerve stimulation for popliteal
block [36]). Blocks that can be done using short
needles are able to be more quickly performed
and tend to be associated with fewer needle
passes, less patient discomfort, and possibly
lower complication rates. The ability to maintain
the supine position generally allows for patient
care to proceed along a usual flow, despite

sometimes necessitating the use of longer nee-
dles (e.g., lateral popliteal block [36] or anterior
sciatic block [37]).

Keys to Success with Regional
Anesthesia in Community Practice

Given the realities presented above, it is apparent
that the successful performance of regional tech-
niques is critical to an anesthesia-based acute
pain service. Yet the modern community practice
environment can often make these techniques
seem impractical, if not impossible, to put into
practice. Successfully performing and expanding
the use of regional anesthesia under such circum-
stances requires a pragmatic approach, which can
be summarized as follows:

Operate Within the “Comfort Zone”

Start slowly. Each institution has its own “com-
fort zone,” which, while capable of being
expanded, should not be violated. The overzeal-
ous forcing of change is rarely sustainable, as
lasting change will only take hold through popu-
lar support. The evolution of acute pain manage-
ment, with the integration of new modalities,
usually necessitates an incremental culture
change. This progression must be accompanied
by appropriate communication and education.

In general, and especially with new approaches
to acute pain, it is ideal that these modalities
require minimal attention outside of the operating
room and normal working hours. The availabil-
ity of concomitant intravenous patient-controlled
analgesia (IV PCA), in particular, is a major con-
solation when initiating more advanced nonopioid
pain management modalities (i.e., single-injec-
tion or continuous nerve blocks). The patient-
titrated nature of IV PCA has the advantage of
minimizing nursing care while being capable of
independently providing adequate postoperative
analgesia. The extent of IV PCA use (or more
accurately, the extent to which it was not used)
also to some degree reflects the efficacy of nono-
pioid techniques being simultaneously utilized.
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Once a “‘comfort zone” for the concomitant use of
postoperative opioids is established, a transition
to extended-release oral opiates as seen in pub-
lished analgesic care maps can obviate the need
for parenteral use and its consequent side effects
(Appendix 8).

Operating within the comfort zone also means
that practitioners should strive to gain sufficient
experience with single-injection options before
taking on continuous techniques and develop
familiarity with pain management innovations in
inpatients before extending their use to ambula-
tory patients.

Learn in a Logical Progression

Given the large number of different regional
techniques, it is apparent that few anesthesiolo-
gists will have sufficient experience during resi-
dency with peripheral nerve blocks to feel
broadly confident as they enter community prac-
tice. Considered in its proper perspective,
regional anesthesia training must be viewed as an
introduction to a lifelong commitment to further
learning. Just as an anesthesiologist must acquire
experience when a new inhalational agent is mar-
keted, they should approach overcoming defi-
ciencies in regional anesthesia training with the
same intellectual curiosity. Effectively removing
surgical pain from the equation along with the
unpleasant side effects of opioids is where
regional anesthesia has evolved. The explosive
growth that orthopedic anesthesia has witnessed
should not mandate specialty training for regional
techniques to be implemented in community
practice. Just as we have not created a subspe-
cialty for the placement of arterial lines or admin-
istration of total intravenous anesthesia (TIVA),
we do not need specialty training for periopera-
tive blocks. Every anesthesia provider should be
able to perform these techniques if they are will-
ing to choose so.

It is easy to appreciate that some regional pro-
cedures (e.g., spinal anesthesia) are more readily
mastered than others. All anesthesiologists pos-
sess some regional skills and should therefore
strive to expand their regional anesthesia practice

in a stepwise manner. They should take care not
to violate institutional or their own personal com-
fort zones, but rather seek to reasonably expand
these zones. With this concept in mind, regional
procedures have been classified into basic, inter-
mediate, and advanced categories [38]. An
awareness of this stratification can help practitio-
ners develop competence and confidence with
regional techniques in a logical progression.
Proficiency with manual skills is developed
through practice, and skills learned with one
block will generally build confidence with all
regional procedures. Anesthesiologists should
liberally utilize regional techniques in appropri-
ate clinical situations, not just when it is crucial
that they work.

In any practice setting, regional anesthesia is
heavily dependent upon appropriate patient
selection as well as a working knowledge of the
relevant anatomy and block risks and benefits. A
brief review of anatomy, block technique, side
effects, and potential complications should pre-
cede every regional block as practitioners strive
to solidify their knowledge base. Initially, a rea-
sonable goal is to become proficient in three or
four blocks, knowing that skills learned in one
technique will have a crossover to others.
Continuous techniques are always more advanced
than single-shot blocks and should be reserved
until comfort is attained with more basic proce-
dures. Continuous femoral nerve block deserves
special mention, as it is the most commonly per-
formed continuous technique and is particularly
appropriate for pain management following total
knee arthroplasty. Novices should consider con-
tinuous femoral block as the ideal “training
ground” to develop comfort and familiarity with
all continuous perineural techniques.

Incorporate Ultrasound into Your
Practice

Anatomical diversity in patients coupled with a
challenging body habitus has led some practitio-
ners with marginal regional experience to navi-
gate through an attempt at regional blockade with
trepidation in a “poke and hope” approach.
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Unpredictable block success, patient discomfort,
and technical delays will negatively reinforce
future attempts at perineural techniques.

Advances in the science of regional anesthesia
have seen the technique of nerve location prog-
ress from utilizing paresthesias to nerve stimula-
tion to ultrasound guidance. Ultrasound guidance
of regional anesthesia is currently an area of
intense interest and has created the potential of
simplifying peripheral nerve blockade. The pre-
diction of Dr. Alon Winnie many years ago was:
“Sooner or later someone will make a sufficiently
close examination of the anatomy involved, so
that exact techniques will be developed” [39].
While it is not yet viewed as the gold standard,
the literature suggests that this technology may
be capable of improving the efficiency and effi-
cacy of regional blocks [40]. Compared to nerve
stimulation techniques, ultrasound-guided blocks
are performed more quickly, using less local
anesthetic, with fewer needle passes as well as a
reduced incidence of vascular puncture [41]. The
increase in current thresholds caused by the
injection of conducting solutions hampers the
ability to instantly reinject local anesthetic after a
failed block. By confirming local anesthetic
spread around the target nerve or perivascular
anatomy, ultrasound can overcome this phenom-
enon of electrical interference and offers practi-
tioners a powerful tool for block rescue and the
potential  for increased block  success.
Furthermore, ultrasound guidance provides the
practitioner with a renewed opportunity to per-
form interventions on patients difficult to stimu-
late with the peripheral nerve stimulator (i.e.,
diabetic patients).

Visualizing the relationships between nerves
and other structures in “real time” is an appealing
aspect of ultrasound-guided regional anesthesia
as we can finally see the anatomy of our target
nerves. This visual feedback gives the practitio-
ner the ability to assess the anatomic variations in
a particular patient’s individual anatomy. This
improved visual model has the potential to
empower and energize practitioners to expand
the use of regional techniques in community
practice. Despite the fact that the vast majority of
anesthesiologists in community practice are

untrained in ultrasound use, proficiency may be
quickly attained through one of many hands-on
courses currently offered by recognized experts
easily accessed through the ASA/ASRA
websites.

Keep Regional Blocks in Proper
Perspective

While studies published from academic centers
often compare regional to general anesthesia, in
reality there is no need to compare or contrast
these complementary techniques.
Intraoperatively, regional block is usually best
viewed as a supplement to general anesthesia
and an integral component of a balanced anes-
thetic. Even in situations where regional anes-
thesia could conceivably serve as a sole
anesthetic, a planned light general will compen-
sate for delays in onset and occasional block fail-
ure. This perspective eliminates the problem of
blocks that are not necessarily failures but may
be inadequate to stand alone as a sole analgesic.
In the community practice arena, regional
anesthesia is usually best thought of as being pri-
marily used for postoperative analgesia. This
approach accelerates the start of surgery and
reduces the need for postoperative opiates, facili-
tating a more rapid discharge. This is consistent
with the recommendations of the ASA Task
Force on Acute Pain Management, which advo-
cate consideration of regional blockade “when-
ever possible.” Once this advantage is recognized,
the surgical staff welcomes the slightly longer
start times used to implement regional techniques
as their prolonged analgesic effects translate into
reduced phone calls for analgesic intervention.

Dealing with Block Failures

Plans for regional anesthesia often suffer from a
failure to consider reasonable alternatives in a
timely manner. Visualizing success with regional
anesthesia is in many ways similar to manage-
ment of the airway. If plan A (laryngoscopy) does
not meet with success, then plan B (LMA) and
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even C (fiber-optic bronchoscopy, etc.) should be
pursued. Likewise, if certain regional techniques
are not proceeding smoothly, they can be appro-
priately followed by “plan B” blocks. Difficulties
with infraclavicular or femoral blocks can be
expeditiously addressed by performing axillary
and fascia iliaca blocks, respectively. Wound
infiltration with local anesthetic by the surgeon is
usually a reasonable plan C option.

Practitioners must also have a realistic per-
spective on abandoning frustrating unsuccessful
efforts at regional block in a timely manner.
Although beneficial in many respects, regional
techniques are rarely essential for patient care,
and stubbornly persisting with attempts at
regional anesthesia in difficult situations is sel-
dom in the best interests of the patient.
Acknowledging acceptance of an alternative plan
is often a sign of sound clinical judgment and the
mark of a mature practitioner.

In the event of a true block failure that becomes
evident in the postanesthesia care unit (PACU),
reattempting the same block is usually not con-
sidered prudent. However, incomplete pain relief
in some anatomic regions may be adequately
covered by similar techniques. Failure of inter-
scalene and femoral blocks, for example, can be
safely and effectively followed by suprascapular
[42] and fascia iliaca blocks [20], respectively.
More selective distal blocks are often ideal fol-
lowing the failure of a more proximal block (e.g.,
ulnar, median, or radial blocks at the elbow after
failed brachial plexus blocks).

Be Cost-Conscious

Anesthesiologists must be knowledgeable regard-
ing the hospital cost of supplies and consistently
choose cost-efficient means of providing pain
control. Incorporating considerations for cost
awareness is a subcompetency of one of our core
competencies: systems-based practice. While
few supplies are essential, practitioners are faced
with a number of important choices whenever
regional techniques are contemplated. Opponents
of ultrasound will claim that the initial invest-
ment in machinery is prohibitively expensive.

Increased block success and a reduction in com-
plications that accompanies visualization of the
needle shaft and tip can more than overcompen-
sate for the initial cost of the machine. The addi-
tion of local anesthetic adjuvants may obviate the
need for continuous catheter techniques further
reducing the cost of supplies. Costs may also be
reduced through the use of a prep sponge and
sterile towel pack instead of a commercially
manufactured block tray, choosing bupivacaine
over ropivacaine as circumstances permit, and
utilizing reusable pumps as opposed to dispos-
able infusion devices.

In this era of cost containment, the conscious
and purposeful choice of supplies can help to jus-
tify the more frequent use of regional techniques.
Furthermore, the economical use of equipment
may also make practitioners less hesitant to
appropriately abandon a difficult (i.e., time-
consuming and possibly futile) block procedure.

Avoid Delays (Even the Perception
of Delays)

The production pressures mentioned above
require that practitioners ensure that regional
techniques not be perceived as a cause of delays.
On the contrary, a systematic multimodal
approach to acute pain management, which
includes regional analgesia, should be viewed as
the ideal strategy to improve efficiency through
“fast-tracking” (bypass of phase 1 recovery) and
speeding discharge readiness [43].

Regional techniques must be performed expe-
ditiously. When performing regional blocks,
anesthesiologists should develop a reasonable
degree of “clock consciousness” and may find it a
useful exercise to occasionally time themselves.
As a general rule, single-injection techniques
should be able to be completed within 10 min and
continuous techniques within 15 min. Practitioners
who are unable to perform regional techniques
within these parameters should strive to improve
their skills when extra time can be easily afforded,
such as before the first case of the day or postop-
eratively in the PACU. The first case of the day
generally presents an ideal opportunity to perform
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blocks in a preoperative area. Preoperative perfor-
mance also allows for greater “soak time” and
evaluation of block effects.

In an effort to avoid delays, anesthesiologists
in community practice may elect to perform
regional anesthesia in anesthetized or heavily
sedated patients. Practice has been noted to vary
widely in this regard. While performing regional
anesthesia on insensate patients may ensure guar-
anteed cooperation and maximize flexibility in
the timing of these procedures, it may also expose
the patient and practitioner to unnecessary risk.
Anesthesiologists should be aware of the recent
practice advisory on this subject [44]. In this
advisory, the authors acknowledge that the deci-
sion to perform regional anesthesia under these
circumstances is “controversial, complicated,
and must be made in the absence of traditional
forms of evidence-based medicine.” Notably,
interscalene block is the only regional technique
explicitly contraindicated in anesthetized or
heavily sedated patients.

Documentation

In order to create an environment conducive to
the optimal management of pain, anesthesiolo-
gists must effectively take ownership of the task.
The department of anesthesia should generate
any orders necessary for pain management and
be intimately involved in any modification of
hospital policies and nursing duties in this regard.
The ultimate goal should be to raise the profile of
anesthesiology such that any pain management
issues within the institution are naturally directed
to the department.

Proper documentation is an essential compo-
nent of modern medical care. Documentation of
pain management techniques primarily serves as
a basic communication tool between anesthesi-
ologists and all other members of the care team.
However, the ramifications of accurate descrip-
tions of interventions performed for the manage-
ment of pain extend well beyond the clinical
setting and are of obvious importance as legal
records and to satisfy billing and regulatory
requirements.

Most institutions require that patients provide
written informed consent for anesthesia care,
which is separate from surgical care. Practitioners
may wish to obtain additional consent for pain
management procedures, which can be consid-
ered apart from surgical anesthesia care.
Procedures performed for postoperative pain are
considered separate from the anesthesia care pro-
vided for surgery. As such, these procedures
should be documented on a form separate from
the anesthesia record. The key elements to a stan-
dardized peripheral nerve block procedure note
form have been described and analyzed [45].
Dedicated procedure notes have been developed
for both peripheral nerve blockade [45] and neur-
axial techniques [46], which can be readily com-
bined into a single form (Appendix 9). These
forms can be transcribed into the electronic med-
ical record if computerized physician order entry
is used in a particular institution.

Finally, the importance of documentation in
the context of reimbursement cannot be over-
stated. Several aspects of the procedure note are
specifically included to address reimbursement
issues. Namely, the form should specifically state
that the procedure was performed for the purpose
of postoperative analgesia (not surgical anesthe-
sia), the indication for pain control (i.e., the loca-
tion of pain being treated rather than the surgical
procedure performed), and that anesthesia-based
pain management has been requested by the
attending surgeon (some have advocated obtain-
ing the surgeon’s signature on this form to more
fully document this request). While the issue of
reimbursement for pain management services
involves a multitude of variables and is beyond
the scope of this discussion, it is fair to state that
proper reimbursement begins with proper
documentation.

Following Through on an Acute
Pain Management Course

Proper follow-through is a duty of ownership and
critical to the long-term success of any patient
care program. Efforts by anesthesiologists which
clearly extend to the conclusion of care are



150

J. Marino and B. E. Harrington

necessary to maximize benefits and minimize
risks associated with acute pain management and
will ensure the highest levels of satisfaction from
both patients and surgeons.

Follow-Through for Outpatients

Adequate analgesia is an obvious prerequisite for
ambulatory surgery, where inadequate pain con-
trol has been shown to be a common reason for
prolonged postoperative stays and unanticipated
admissions. Furthermore, it is essential to antici-
pate pain-related issues that may become evident
following discharge in ambulatory patients as
inadequate pain management has been shown to
be a leading and preventable cause for readmis-
sions [47]. In ambulatory surgery, regional tech-
niques including single-injection and continuous
perineural catheters provide improved analgesia,
less opioid-related side effects, and the potential
for earlier discharge [48].

Successfully caring for patients on an ambula-
tory basis requires that an individualized plan be
devised for the ongoing multimodal management
of pain. Outpatients should be provided with
written instructions concerning further out-of-
hospital management of their pain (e.g., oral
analgesics), precautions regarding the care of an
insensate limb (if they have had regional blocks),
and a 24-h telephone contact number should they
have any problems or concerns (Appendix 10).
Patients discharged with continuous perineural
infusions must have explicit instructions regard-
ing the care of an indwelling catheter and should
be capable of discontinuing the catheter at home
without necessarily returning for personal medi-
cal attention.

Each institution must establish a system for
follow-up with outpatients. As alluded to above,
a brief telephone call 24-72 h postoperatively,
usually by a nurse, is generally sufficient. General
questions regarding patient satisfaction with
intraoperative anesthesia and postoperative anal-
gesia should be asked and any degree of patient
dissatisfaction promptly passed on to the depart-
ment of anesthesiology through established chan-
nels. The essence of these follow-up efforts

should be documented and maintained by the
department of quality management for a reason-
able period of time (but does not necessarily need
to be placed in the patient’s permanent medical
record) (Appendix 10). If efforts by telephone are
unsuccessful, a card may be sent by mail to the
patient explaining that reasonable attempts were
made to establish routine postoperative follow-up
by telephone and encouraging the patient to pro-
vide feedback regarding their perioperative expe-
rience either by telephone or in writing.

Follow-Up for Inpatients

Hospitalized patients, by virtue of their higher
acuity of illness and injury, may stand to benefit
the most from the effective management of pain
through minimizing complications and possibly
preventing chronic pain. Following up on inpa-
tients is a primary function of an acute pain ser-
vice. It has been repeatedly acknowledged that
there is no consensus regarding the optimal struc-
ture or function of an acute pain service [49]. In
the diverse reality of community practice, an
acute pain service may take many forms but must
at least consist of involved physician (e.g., anes-
thesia) and nursing personnel.

Nurses are at the core of inpatient follow-up
and are empowered to assume the leading role in
assessing and treating postoperative pain. Regular
assessment of pain, commonly every 4 h utilizing
a 0-10 pain rating scale, is noted on pain assess-
ment flow sheets which serve to track the “Sth
vital sign” (i.e., pain) over time and record
responses to treatment (see Appendix 6), although
such documentation is now often computerized.
Multimodal treatment of pain based on scores >4
is usually included in standing pain management
orders. This approach has been used successfully
in many practice settings and shown to result in
improved pain control and patient satisfaction,
but can also be associated with an increased inci-
dence of opioid-induced oversedation [50]. This
oversedation is usually preceded by a gradual
decrease in the patient’s level of consciousness,
which underscores the critical importance of fre-
quent clinical assessment by nursing.
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Written/computerized entry orders are neces-
sary to enable nurses to assume the leading
hands-on role in the treatment of acute postoper-
ative pain. Orders should be devised for each of
the three basic anesthesia-based modalities:
intravenous PCA, central neuraxial techniques
(subarachnoid and epidural), and peripheral
nerve/plexus  blocking  techniques  (see
Appendices 3-5, 7). Dedicated orders are recom-
mended for each approach as this provides the
clearest direction to nursing staff and serves to
emphasize important difference between central
and peripheral techniques, such as anticoagula-
tion issues and the addition of other analgesics.
Orders should allow for prudent adjustments of
each of the primary modalities as well as provide
direction for the addition of supplemental or
adjunctive measures preventing any analgesic
gaps. The coordination of postoperative pain
management orders with the department of sur-
gery avoids the duplication of services prevent-
ing overdosage and adverse drug interactions.

With the exception of patients receiving IV
PCA, all patients enrolled in the acute pain ser-
vice must be seen by anesthesia staff on a daily
basis. This visit serves as a single-time assess-
ment of pain management as well as an important
opportunity to interact with nursing staff. Support
of and collaboration with nursing staff can be the
tipping point of success in a community-based
regional anesthesia practice. A proactive effort to
address any nursing-related concerns regarding
pain management at this time can alleviate a
number of night and cross-coverage issues.
Anesthesiologists should also use postoperative
visits as a means of extracting the greatest amount
of experience from each pain management inter-
vention (e.g., the efficacy and duration of single-
injection blocks). Documentation of daily pain
management follow-up should be placed in the
patient’s chart as well as submitted for billing
purposes. One successful approach to the various
documentation requirements has been the devel-
opment of a carbon copy peel-and-stick form,
where the procedure with billing codes is docu-
mented at the top, a self-adhesive daily “SOAP”
format note can be placed in the progress notes,
and the carbon copy submitted for billing

purposes (Appendix 11). Adaptations of this note
may be transposed into an electronic format to
blend the needs of computerized order entry and
patient follow-up. Alternatively, using an index
card system, notes may be recorded directly in
the patient’s chart and, at the conclusion of pain
service involvement, the updated index card sub-
mitted for billing of daily pain management.

Although the acute pain service in many com-
munity practice settings is not a formal, distinct
entity, prompt 24-h coverage is essential.
Instructions for appropriate contact of anesthesia
personnel should be included in all pain manage-
ment orders. An acute pain service beeper can
help maintain continuity of communication
within a system. If in-house anesthesia coverage
is available, then an on-call physician manages
overnight pain-related issues. If in-house over-
night coverage is not available, then a mechanism
that provides for off-hour patient evaluation
needs to be devised. One solution is to specifi-
cally train selected night shift nursing personnel
to evaluate and troubleshoot common issues con-
cerning acute pain management (for continuous
infusions, e.g., this would include occlusion
alarms, catheter disconnections, and evaluation
of skin entry sites).

Management of Complications

The ideal management of complications begins
with the tacit acknowledgment that complica-
tions are inevitable. Having realistic preoperative
discussions with patients regarding potential
complications, obtaining meaningful written
informed consent, and keeping accurate records
comprise the foundations of appropriately deal-
ing with adverse events. The traditional model of
anesthesia care involved the placement of
regional techniques with the ‘“occasional”
participation in postoperative pain management.
The surgeons’ office was frequently used as the
“middle man” to manage block-related complica-
tions. Unhappy patients coupled with a lack of
knowledge regarding block-related sequelae cre-
ated an adversarial relationship between the two
working disciplines. Adopting a “patient-centric”
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approach where the anesthesiologist collaborates
closely with the surgical staff on any postopera-
tive block-related issues creates a cooperative
approach to the management of complications.
Furthermore, taking ownership of our interven-
tions will certainly result in a more vigilant
approach improving procedural efficacy.

One goal of any anesthesia-based acute pain
service should be to promptly and directly deal
with any adverse outcomes potentially related to
pain management. Certain complications should
be anticipated and managed proactively. Making
contact with patients, either personally or by tele-
phone, into a routine part of postoperative care
will help to ensure the consistent and early dis-
covery of any complications. If any potential
complications of acute pain management are first
encountered by nursing personnel, they should be
reported without delay to designated anesthesia
personnel (as well as to the surgeon’s office).

Human beings make mistakes, distractions are
ubiquitous, and memory fails during stressful
situations. Medication errors, wrong-sided nerve
blocks, and misconnected continuous infusions
are examples of errors that can result in patient
harm and threaten the viability of a regional anes-
thesia service. The above examples are all pre-
ventable errors which are problems in search of
system solutions; therefore, an annual review of
the system process by the physician leader is
warranted in order to maintain the integrity of the
service and promote a culture of safety.

A detailed discussion of the multitude of pos-
sible complications associated with acute pain
management is beyond the scope of this chapter.
Since appropriate management of complications
will depend on individual circumstances, it is crit-
ical that each be personally evaluated. Fortunately,
most potential adverse events are rare and/or self-
limited. In the unlikely event of a serious compli-
cation, cultivating a professional relationship with
a department of neurology can help to facilitate
prompt consultations and referrals.

To a degree that would be considered appro-
priate, anesthesiologists are encouraged to stay
involved in the care of any patients suffering
adverse outcomes secondary to pain management
efforts. It should be emphasized that taking an

active interest in potential complications does not
imply fault or negligence by anesthesiologists,
but reinforces the commitment to quality health
care and serves to legitimize the pain service in
the eyes of other medical professionals.
Continued personal communication with the
patient helps to reinforce the desired message of
genuine concern.

The complete management of complications
secondary to pain management requires that all
occurrences be compulsively included in quality
improvement efforts.

Quality Improvement

A process for quality improvement (QI), also
commonly referred to as quality management
(QM), is a fundamental requirement of all health-
care organizations. Although QI for the depart-
ment of anesthesiology largely concerns the
operative period, in the case of an anesthesiology-
based acute pain service, it must extend through
the entire duration of management. Quality
improvement efforts allow for clinically signifi-
cant data concerning pain management to be col-
lected and monitored with the goal of improving
performance and enhancing patient safety. The
American Society of Anesthesiologists website is
an excellent resource regarding quality improve-
ment (http://www.asahq.org). The Quality
Management Template found at the ASA web-
site, developed by ASA committees and provided
without charge, serves as an indispensable guide
to implementing a quality improvement program
in any practice setting [51].

The ready availability of occurrence reporting
forms is a key element in the consistent self-
reporting of adverse events. For cases in the oper-
ating room, reporting forms are often attached to
the anesthesia record. Similarly, anesthesia-
specific incident reporting forms should be
immediately at hand as nurses and anesthesiolo-
gists are engaged in following through on an
acute pain management plan. While occurrence
forms are usually completed manually, if large
amounts of data will require analysis, it is advis-
able that these forms be capable of being scanned.
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A number of computer-ready process improve-
ment tracking tools are commercially available,
with several examples provided in ASA’s Quality
Management Template. Although self-reporting
of adverse outcomes has inherent weaknesses, it
has been shown to be more reliable than medical
chart review or incident reports and tends to be
successful in environments where it is perceived
that participation may result in improved patient
care [52].

Finally, it is essential that one member of the
department of anesthesiology assumes the lead-
ership role regarding quality improvement. This
individual is responsible for assuring the consis-
tent reporting of sentinel events (a significant
limitation of self-reporting), managing the appro-
priate analysis of data (usually consisting of at
least some type of peer review), and overseeing
the adoption of appropriate measures to improve
performance and safety.

Conclusion

Anesthesiologists currently have the knowledge
as well as the pharmacologic and technological
tools necessary to successfully control postopera-
tive orthopedic surgery pain; however, inadequate
analgesia continues to be a prominent medical
issue. Meeting the challenges of acute pain man-
agement in modern community practice requires
a comprehensive appreciation of the entire pro-
cess, physician leadership, and an organizational
commitment. Incorporating regional techniques
into community practice offers anesthesiologists
an opportunity to extend themselves beyond the
OR into all patient care areas. Primarily through
the coordinated efforts of our surgical colleagues,
anesthesiology and nursing staff, a culture of
consistent and efficient pain management can be
established in any practice setting in a physician-
directed nurse-delivered model.

Clinical Pearls

* Appoint a physician leader.
e Establish a core group within the partnership.

e Identify which surgeons are supportive of the
initiative.

* Empower the nursing staff.

e Create a mobile block cart and utilize the
PACU as a block room.

¢ Think “complementary.”

e Operate within your comfort zone.

e Learn in a logical progression.

e Develop “clock consciousness” and avoid
delays.

e Incorporate ultrasound into your practice.

* Manage complications directly.

Ultrasound Pearls

e After attending a workshop, practice probe
ergonomics and visualization of the anatomy
on staff members on a daily basis in order to
gain proficiency with ultrasound use.

* Reinforce knowledge of the anatomy by didac-
tic review 1in a color atlas with ultrasound prac-
tice on live models to develop an understanding
of the target structures.

e Start with simple blocks located near easily
identifiable structures (i.e., femoral, inter-
scalene).

e Learn your machine; master knobology, etc.
Become familiar with the technical adjust-
ments of the ultrasound machine. Know how
to set the optimum balance of frequency, con-
trast, and depth.

e Using the in-plane approach where the needle
shaft is visualized maximizes the chance of
seeing the tip of the needle as you navigate
toward the intended structure minimizing the
risk of complication.

Review Questions

1. All of the following are examples of inter-
ventions used in a standard multimodal anal-
gesic pathway except:

(a) Acetaminophen
(b) NSAIDs
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(c) Periarticular local anesthetic infiltration
of soft tissues

(d) Spinal anesthetic with continuous femo-
ral block

(e) General anesthetic with rapid sequence
induction

The two principal reasons for not favoring

regional anesthesia when surveying orthope-

dic surgeons are:

(a) Operating room delay and excessive
motor block

(b) Operating room delay and high injection

pressures

(c) Unpredictable success and medicolegal
complications

(d) Unpredictable success and operating
room delay

(e) Medicolegal complications and operat-
ing room delay

Success of a regional anesthesia service is

predicated on:

(a) Collaboration with ancillary staff

(b) Implementation of evidenced-based
guidelines for pain management

(c) Minimizing wrong-sided blocks with the
performance of a “time-out”

(d) Avoiding operating room delays

(e) All of the above

Contents of a standardized regional anesthe-

sia block cart should include all of the fol-

lowing except:

(a) Resuscitative medications

(b) Endotracheal tubes

(c) Intralipid

(d) EMLA cream

(e) Ester local anesthetics

Contents necessary for a successful resusci-

tation with lipid rescue include all of the fol-

lowing except:

(a) 20% intralipid

(b) Macrodrip infusion kit

(c¢) 60 cc syringe

(d) Propofol

6. Regional techniques for ambulatory surgery

result in all of the following except:

(a) Improved analgesia

(b) Less opioid-related side effects

(c) Potential to bypass the postanesthesia
care unit

(d) Increase use of antiemetics

(e) Reduced incidence of readmission

. Coordination of a successful pain manage-

ment program requires strong institutional

support. Didactic instruction by the depart-

ment of anesthesiology in nursing education

should consist of:

(a) Care for/troubleshoot catheters and infu-
sion pumps

(b) Expecting quadriceps weakness as a
normal component of a femoral block

(c) How to administer intralipid for resusci-
tation of local anesthetic toxicity

(d) Delineation of discharge instructions

(e) All of the above

. All of the following factors may explain why

anesthesiologists in community practice per-

form fewer peripheral nerve blocks as com-

pared to practitioners in academic institutions

except:

(a) Lack of an accommodating infrastructure

(b) Deficient exposure during residency
training

(c) Time pressures

(d) Patient request

(e) Lack of assistance

. Regional anesthetic techniques can improve

discharge predictability and accelerate dis-

charge eligibility. Social service involvement

early in the patients’ perioperative course

can:

(a) Overcome delays in nursing home
placement

(b) Arrange for patient transportation

(c) Anticipate lack of home readiness by
family members facilitating timely
discharge
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(d) Addressing patient concerns resulting in ~ Appendix 1: Lipid Rescue Algorithm

requests for extended hospital stay (Fig. 8.3)
(e) All of the above
10. Useful approa.che.s Wh.en dealing with block- Li pid R escue™
related complications include:
(a) Having realistic preoperative discus- TREATMENT FOR LOCAL ANESTHETIC-INDUCED

sions with patients regarding potential CARDIAC ABREST

complications PLEASE KEEP THIS PROTOCOL ATTACHED TO
THE INTRALIPID BAG

(b) Obtaining meaningful written informed

consent In lhg a\aemlncall anesthetic-induced cardiac arrest that is unresponsive to
standar: py, in to

(C) Keeping accurate records Intralipid 20% should be given Lv. In the fellowing dose reglrne

~ Intralipid 20% 1.5 mL/kg over 1 minute
(d) AH Of the above - Follow immediately with an infusicn at a rate of 0.25 mU/kg/min,

— Continue chest il {lipid must ci

— Repeat bolus every 3-5 minutes up to 3 mUkg total dose until
circulation is restored

Answers: ~ Continue until stability is the
rate to 0.5 mU'kg/min if BP decl[nes

1 - € ~ A maximum total dose of 8 mL/kg is recommended

3 . € Inp in an adult 70kg:

4. d ~ Take a 500mi bag of Intralipid 20% and a 50mi syringe.

5 d ~ Draw up 50ml and give stat l.v., X2

— Then attach the Intralipid bag te an iv administration set (macrodrip)
6. d and run it .Lv over the next 15 minutes
7 e ~ Repeat the initlal bolus up to twice more - If spontaneous circulation
’ has not returned.

9. e If you use Intralipid to treat a case of local anaesthetic toxicity,

10. d please report it at www.lipidrescue.org. Remember to restock

the lipid. Ver7/06
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Appendix 2: Pain Management Log Book (Fig. 8.4)

Anesthesiology Postoperative Pain Management Procedure Record

Postoperative pain management specifically requested by

Medical indication (e.g. pain location)

“Time Out” immediately before starting procedure @ correct patient ID using 2 identifiers ()
Team members present: Correct side and site ()
Approach Patient Condition Skin Prep
0 Midline ORight O Awake [ Sedated [JAnesthetized |[J Alcohol [ Chlorhexidine
[0 Paramedian OLeft

Patient Position [ Povidone- [ lodophor/
O RLD [ Supine 0O Sitting lodine isopropyl

O Ultrasound-assisted
O b  [OProne

O Quincke
O Short-bevel O Other:

Needle: Gauge/Length mm
O Insulated [ Tuohy

O Pencil-point

Single-Injection Techniques

Peripheral Nerve Blockade

Neuraxial Blockade

Block performed:

Technique: [ Infiltration
[ Nerve stimulation:

Comments:

O Paresthesia

mA

Technique: [0 Subarachnoid [ Epidural
Approximate interspace:
Epidural loss-of resistance: O Air [ Saline

Epidural depth: cm

Comments:

Continuous Techniques

Peripheral Nerve Blockade

Neuraxial Blockade (Epidural)

Block Performed:

Approximate interspace:

Nerve stimulation: mA at depth (cm) | Epidural loss-of resistance: (I Air [ Saline
Catheter secured at skin: cm Depths: Epidural cm Catheter cm
Comments: Comments:

[ Injectate [ [ Narrative |
Local Anesthetic [%] Volume (ml) | O Blood aspirated O Unanticipated CSF

O Pain on injection O Unanticipated paresthesia

Adjunct(s):
Epinephrine: [ (+) Test dose of IV / subarachnoid placement

O Incremental injection

O (--) Epinephrine test dose

Comments/actions:

Performed by:

Name

T
Billings Clinic

Signature Date Time

Patient Identification
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Appendix 3: Pain Management Order Sheet (Fig. 8.5)

Name:
DOB: Age:
Acctif:
d MR#:
’_U Huntington Hospital  Attending MD:

North Shory-Lang hiun fewish Neslth Spitns Admitted on:

PAIN MANAGEMENT ORDER SHEET

INTRAVENOUS PCA

(Recommended for patients over 40 kg)

Allergies: Height: Weight: Ib

Pregnant: [JYes [JNo Breast Feeding: []Yes [JNo

DATE: TIME:

1. SELECT drug therapy (ONE DRUG ONLY):

0 MORPHINE 5 mg/mL 0O HYDROMORPHONE 1 mg/mL
Loading dose (2-5mg) mg Loading dose (0.3-0.5mg) mg
[ One dose only D One dose only
O Repeat X ___, minutes apart D Repeat X ’ minutes apart
PCA dose (1-2mg) ____mg PCA dose (0.2-0.4mg) _____mg
Lockout interval (5-15 min) minutes | Lockout interval (5-15 min) minutes
Continuous rate (1-2mg/hr) mg/hr | Continuous rate (0.2-0.4mg/hr) ___mg/hr
Total dose mgin 4 hrs Total dose mgin 4 hrs

(50 mg maximum) (10 mg maximum)

2. SUPPORTIVE therapy medication(s) while on PCA.
For itching: Naloxone (Narcan®) 0.1mg SC q 2h PRN

For nausea: Ondansetron (Zofran®) 4mg IVP q 6h PRN
If ineffective after 20 minutes call anesthesiologist/prescriber

Sex:

Religion:

kg [ Actual []Estimated

if questions, please contact prescriber

O EENTANYL 50mcg/mL
Loading dose (25-75mcg) mcg

O One dose only

O Repeat X s minutes apart
PCA dose (10-25mcg) mcg
Lockout interval (5-15 min) minutes

Continuous rate (10-25mcg/hr) meg/hr

Total dose mcg in 4 hrs
(500 mcg maximum)

[0 Oxygen via nasal cannula at L/min
3. While on PCA NO sedatives, opioids or other respiratory depressants are to be given, except by order of an anesthesiologist.
4. MONITOR vital signs (BP, HR, RR), sedation level, pain level and pump settings and document:
a. q1hourX2,then q4 hours
b. g4 hours for duration of PCA.
c. g1 hour X 2 after any change, then q 4 hours
5. RESCUE: If respiratory rate falls below 6 per minute with changes in level of sedation:
a. Stop PCA infusion pump
b. Give naloxone (Narcan®) 0.2 mg IVP, may repeat X 1 in 5 minutes if RR remains below 6 per minute.
c. Call prescriber immediately.

6. OTHER instructions:

Signature: #

Beeper #

Orders verified by: RN

RN

(T

Rev. 4/07 #1-369
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Appendix 4: Pain Management Order Sheet (Fig. 8.6)

Name:
Nm DOB: Age:
Shore Ll j Huntington Hospital octh: Religion:
North Shore-Long iufend Jewish Heslth System Att Id' MD:
PAIN MANAGEMENT ORDER SHEET N d:tt:dgon' :
CONTINUOUS REGIONAL ANALGESIA ' ’
Allergies:
Height:
Weight: Ib kg O Actual [J Estimated
Pregnant: C1Yes [ No Breast Feeding: [J Yes [ No
Date: Time:
1. Catheter site:
O Axillary O Femoral
O Infraclavicular O Popliteal
O Interscalene O Psoas

O Fascia iliac

O Other (specify):

2. ENSURE that catheter site, infusion and tubing (no ports) are clearly labeled.
Catheter positioned at cm at skin.
DO NOT MANIPULATE catheter.
3. DRUG:
O Ropivacaine (Naropin®) 0.2% (2mg/mL)
O Other:
4. DOSING:
O Manual Loading (by anesthesiologist only): Dose mL
O Continuous Infusion via pump: Rate mL/hr (Max. 25mL/hr).
O Titrate:
O Other:
5. MAINTAIN IV access during drug administration (Saline lock).
6. MONITOR and document data as per Pain Management Flowsheet q 4 hours.
7. Additional pain management:
O PCA (see PCA order sheet).
Other:
8. CALL anesthesiologist if patient has:
a. Inadequate pain relief.
b.  Signs of toxicity (e.g. ringing in the ears, perioral numbness or tingling, change in sedation level or mental changes).
c. SBPabove or below ; sustained heart rate above bpm or below bpm.
d.  Kinking or dislodgment of catheter.
e. Catheter site problems (e.g. leaking, edema, erythema and/or signs of infection).
f. Lower Extremity Motor Block; score of 2 or above on the 0-3 Bromage scale.
9. CONTACT anesthesiologist on call, for any problems (Ext. 2491 or 2353) if primary anesthesiologist is unavailable (after 8
pm, on weekends & holidays).
10. AMBULATE Patient may ambulate only under the following circumstances:
a. Have a physician’s order to ambulate.
b. Registered nurse assesses the patient and verifies absence of residual weakness or motor block.
c. Patientis able to stand without assistance.
d Patient must be assisted by RN, LPN or P.T. while ambulating.
Signature: # Telephone # Beeper #
Orders verified by: RN RN

I

{li

#1-370

Rev, 4/07
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Appendix 5: Pain Management Order Sheet (Fig. 8.7)

N :
NOffh \ D?Jnéze 00/00/00 Age: Sex:
ShoreLU Huntington Hospital Accti#: 0000000 Religion:

MR#: 0000000

North Share-Long Istand Jewish Health System Attending MD:

PAIN MANAGEMENT ORDER SHEET Admitted on: 00/00/00

[NRARR
Allergies:

Height: Weight: kg Pregnant: JYes [INo  Breast Feeding: [1Yes [INo

The patient has an epidural catheter in place, which is to be handled by an anesthesiologist only. Patient has received:

Drug(s): Time: Date:

Do NOT administer dalteparin (Fragmin®) to any patient with an indwelling epidural catheter.
Do NOT administer dalteparin (Fragmin®) until 4h after epidural catheter is discontinued.
Please notify anesthesiologist BEFORE IV or SC heparin therapy is started.

Please notify anesthesiologist if warfarin (Coumadin®) is ordered.
Epidural catheter must be removed prior to 2nd dose of warfarin (Coumadin®).

CHECK appropriate box: [J Discontinue OR [J Continue
[0 Alprazolam [J Lorazepam [] Diazepam []Zolpidem [J Morphine [] Hydromorphone [] Oxycodone

Other:
SELECT drug therapy (ONE preservative free drug ONLY) and initiate via Epidural Infusion Pump
Morphine 50 mcg/ML + Hydromorphone 10 mcg/ML+ Fentany 4 mcg/ML +
bupivacaine 0.04% bupivacaine 0.04% bupivacaine 0.04%
Continuous Rate: ___ mL/hr Continuous Rate: mL/hr Continuous Rate: mL/hr
Demand Dose (PCEA): Demand Dose (PCEA): Demand Dose (PCEA):
[J3mL every 10 minutes [13mL every 10 minutes [13mL every 10 minutes
[15mL every 10 minutes [15mL every 10 minutes [15mL every 10 minutes
[J5mL every 15 minutes [15mL every 15 minutes [5mL every 15 minutes
O mL every minutes O mL every minutes O mL every minutes

SUPPORTIVE THERAPY medication(s) while on epidural

For itching: Naloxone (Narcan®) 0.1 m%SC q2h PRN
For nausea: Ondansetron (Zofrn®) 4 mg IVP q 6 h PRN. if ineffective after 20 minutes call anesthesiologist.

[0 Oxygen via nasal cannula at L/min

MAINTAIN 1V saline lock for duration of epidural infusion.
RESCUE If Respiratory Rate (RR) falls below 8/min with changes in sedation level.
a. Stop infusion pump
b.  Give naloxone (Narcan®) 0.2 mg IVP, may repeat X 1, in 5 minutes if RR remains below 8/min
c. Call anesthesiologist immediately
MONITOR BP, IIR, RR, sedation level, pain level and pump settings. Document on PMFS q15min x1h, then g2h for duration of infusion
CALL anesthesiologist if patient has:
a. Change in level of sedation, lethargy, increased somnolence.
b. Systolic BP less than 90
c. Evidence of airway obstruction, change in respiratory pattern, decrease in respiratory effort, respiratory rate less than 10/min.
d. Complains of weakness or numbness in lower extremities, pain, urinary retention, severe itching, severe nausea or vomiting.
CHECK and document ability to maintain motor function in lower extremities. May ambulate only under the following circumstances:
a. Have a surgical order to ambulate.
b. Registered nurse assesses the patient and verifies absence of residual weakness or motor block.
c. Patient is able to stand without assistance
d. Patient must be assisted by RN or LPN while ambulating

CONTACT anesthesiologist on call if primary anesthesiologist is unavailable (after 8 pm, on weekends & holidays).
FILL a NEW Pain Management Order Sheet EPIDURAL INFUSION for any change in order.

Date: Time:

Signature: # Beeper #:

Orders verified by: RN RN

[N A T
*lP{Jt

8/09
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Appendix 6: Nursing Assessment Flow Sheet (Fig. 8.8)

Route of Infusion # 1: Route of Infusion # 2:
Drug: Drug:
Concentration: /mL Concentration: /mL
Initiated: Initiated:
Date Time INIT INIT Date Time INIT INIT
Discontinued: Discontinued:
Date Time | Waste INIT INIT Date Time Waste INIT INIT
ONLY PATIENTS ARE ALLOWED TO PUSH BUTTON
Loading or ; ; Demand Dose

D T Bolus Dose Contlnuouségggal) Infusion (PCA or PCEA) .

A I I2I\TITIAL

T M PCA or| Lockout INITIAL ;

E E | cra | Epidurall v | cRA | Epidural| v | PCEA | Interval E‘;ﬁﬁjere 5 (Witness)

Dose
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Appendix 7: Patient Instruction Sheet for Outpatients Receiving
Regional Blocks (Fig. 8.9)

Name:
DOB: Age: Sex:
N%E)h:ﬁ Acct#: Religion:
LU Huntington Hospital MR
Macth Shore-Loog tand Mwiih Health Sritem Attendlng MD
Pain Management Flow Sheet (PMFS) Admitted on:
Signature/Title | Initial | Signature/Title Initial Allergies:
Patient comfort/goal level (0 to 10):
Pain 2 A o | o . 5 Outcomes****
c c 2 — o © s x O = 52 L N
® o [So kel > S el « T c ] - se| 25| E = Pain
© E |88 Level 5% €25 & o c| E8 & |2%5| 23 g | £ | Level o S
o F |38 Scale la. g| & || @ | & ga & |82 Re 5 |E el £
%) Used 3 8 |©° S| & | o o |© =1} Scale | £ E
o T = Used
Sedation Scale Pain level Location Characterisitics Clinical Signs Catheter Dressing
1 Alert (Arousable by minimal stimuli) Scale A Abdominal SP  Sharp Pain A Anxiety (Epidural or CRA)
2 Lethargic (Arousable by increased 0-10 B Back DP Dull Pain C Calm I Intact/occlusive
stimuli) C Chest TP Throbbing Pain D  Diaphoresis B Bloody
3 Stuporous (Arousable by vigorous E Extremity AP Aching Pain M Myoclonus L Leaking
stimuli) H Head B Burning N Nausea P Purulent
4 Comatose (Unarousable) I Incisional *0 Other P Pruritus S Soiled
Bromage Scale Pain Rating P Perineal R Restlessness *0 Other
0 Full flexion of knees and feet. Scale *0 Other Interventions V. Vomiting
1 Able to flex knees full flexion of feet. N Numerical D Drug (see MAR) WS Without Sign
2 Unable to flex knees still flexion of feet. W Wong/Baker E Education/Support *0  Other
3 Unable to move legs or feet. faces | Ice Pack
F FLACC H Heat Pack
M Massage Cardiac Monitor
*  Other document on IPN P Position Change N =No
** BP&HR g 2hforepidural S Sitz Bath Y =Yes
q 4h for PCA (after initial 15t 2 hours) *O Other

Once a shift for all other analgesics.
=+ Qo Saturation if applicable

**** Qutcome Pain Level/Scale used: 1 hour after PO, IM, SQ, IV, change in IV PCA and all other non pharmacologic interventions

*3PMF*

#1-341 Rev 4/07
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Appendix 8: Post-op Multimodal Pain Management Orders (Fig. 8.10)

Patient Instruction Sheet for Outpatients Receiving Regional Blocks

Your anesthesiologist is treating your postoperative pain, in part, with a regional block. Regional blocks
use local anesthetics (like ‘xylocaine’ and ‘novacaine’) to make part of your body numb instead of painful.
Depending on a number of factors, especially the particular local anesthetic agent used, you may
experience numbness for many hours (not uncommonly up to 36 hours). In addition to numbness ("sensory
block”), you may also experience significant weakness ("motor block”) in the affected area.

It is important that you protect your numb limb. If your block involves the upper extremities (shoulders and
arms), you should wear a sling if one has been provided and avoid sleeping on the affected side. If your
block involves the lower extremities (legs), you should not try to bear weight, walk without assistance, or
drive a car until all numbness has worn off.

It is normal after regional blocks to experience:
* Tenderness, mild swelling, or bruising at the site of injection
* A “pins and needles” sensation as the block wears off
And in the case of regional block performed for shoulder surgery:
* Temporary hoarseness, a droopy eyelid, and difficulty swallowing

It is usual to use other medications in combination with regional blocks to fully control postoperative pain.
You should take all pain medications prescribed to you by your surgeon as directed. To avoid unnecessary
discomfort, pain medications should be started before your block has fully worn off.

You should contact the on-call anesthesiologist 24 hours a day at the numbers shown below for any of the
following:

* Enlarging redness or drainage at the site of injection

* Numbness lasting longer than 48 hours

* Shooting or burning pain that seems more related to the block than your surgery

* Any urgent concerns regarding your regional block

Contact numbers: Tell the hospital operator that you need to speak with the on-call anesthesiologist.
Local XXX-XXXX
Long Distance (Toll Free) 1-800-XXX-XXXX
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Appendix 9: Anesthesiology Postoperative Pain Management
Procedure Record (Fig. 8.11)

— Name:
Norl‘h \ DOB: Age:
Shore LU Huntington Hospital ~ Acct#: Religion:
North Shore-Long Island Jewish Health System MR#:
POST-OP Attending MD:

MULTIMODAL PAIN MANAGEMENT ORDERS  Admitted on:

Allergies:
Height: Weight: kg
Pregnant: - Yes No Breast Feeding:- Yes No

In conjunction with CRA (see CRA order form)

Sex:

KNEE Arthroplasty

<75 YEARS OLD

Celecoxib (Celebrex®) 200 mg PO daily x 72h

Acetaminophen (Tylenol®) 650 mg PO g6h x 72h

Oxycodone SR (Oxycontin®) 20 mg PO q12h x 72h. Hold HR<50, sedation scale >3

Breakthrough pain:

Oxycodone 10 mg PO g6h prn mild pain (1 —4) x 72h

Oxycodone 20 mg PO g6h prn moderate pain (5 — 6) x 72h
Hydromorphone (Dilaudid®) 1 mg SC g3h prn severe pain (7 — 10) x 72h

275 YEARS OLD

Celecoxib (Celebrex®) 200 mg PO daily x 72h

Acetaminophen (Tylenol®) 650 mg PO g6h x72h

Oxycodone SR (Oxycontin®) 10 mg PO g12h x 72h Hold HR<50, sedation scale >3

Breakthrough pain:

Oxycodone 5 mg PO g6h prn mild pain (1 —4) x 72h

Oxycodone 10 mg PO g6h prn moderate pain (5 - 6) x 72h
Hydromorphone (Dilaudid®) 1 mg SC g3h prn severe pain (7 - 10) x 72h

HIP Arthroplasty

<75 YEARS OLD

Celecoxib (Celebrex®) 200 mg PO daily x 72h

Acetaminophen (Tylenol®) 650 mg PO g6h x 72h

Oxycodone SR (Oxycontin®) 10 mg PO g12h x 72h Hold HR<50, sedation scale >3

Breakthrough pain:

Oxycodone 10 mg PO g6h prn mild pain (1 —4) x 72h

Oxycodone 20 mg PO g6h prn moderate pain (5 - 6) x 72h
Hydromorphone (Dilaudid®) 0.5 mg SC g3h prn sever pain (7 — 10) x 72h

>75 YEARS OLD

Celecoxib (Celebrex®) 200 mg PO daily x 72h

Acetaminophen (Tylenol®) 650 mg PO g6h x 72h

Oxycodone SR (Oxycontin®) 10 mg PO x1 as soon as patient gets to the floor then g AM x 72h
Hold HR<50, sedation scale >3

Breakthrough pain:

Oxycodone 5 mg PO g6h prn mild pain (1 —4) x 72h

Oxycodone 10 mg PO géh prn mild pain (5 — 6) x 72h

Hydromorphone (Dilaudid®) 0.5 mg SC g3h prn severe pain (7 — 10) x 72h

Additional Orders for Opioid Tolerant Paitents (as determined by Anesthesiologist)

Gabapentin 100 mg PO g8h

Clonidine (Catapres- TTS® -2) 0.2 mg/24h apply once weekly

Date: Time: Signature LIP #

“1PO"

*1PO*
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Appendix 10: Outpatient Postoperative Contact Form (Fig. 8.12)

g
Billings Clinic.

Anesthesiology Postoperative Pain Management Procedure Record

Patient Identification

Postoperative pain management specifically requested by

Medical indication (e.g. pain location)

Proper side confirmed: [] Patient Condition Skin Prep
Approach [0 Awake [JSedated [ Anesthetized |[J Alcohol [ Chlorhexidine
[ Midline [0 Right [Patient Position [ Povidone- [ lodophor/
[J Paramedian [] Left [0 RLD [ Supine [J Sitting lodine isopropyl
O Ultrasound-assisted O LLD [ Prone O Sterile [0 Aseptic
Needle: __ Gauge/ Length mm [J Quincke [ Pencil-point
[ Insulated [0 Tuohy [0 Short-bevel [ Other:
| Single-Injection Techniques |
Peripheral Nerve Blockade Neuraxial Blockade
Block performed: Technique: [ Subarachnoid [J Epidural
Technique: [ Infiltration [0 Paresthesia Approximate interspace:
[] Nerve stimulation:  mA Epidural loss-of-resistance: [] Air [ Saline
Comments: Epidural depth: _ cm
Comments:

| Continuous Techniques

Peripheral Nerve Blockade Neuraxial Blockade (Epidural)
Block Performed: Approximate interspace:
Nerve stimulation: mA at depth (cm) | Epidural loss-of-resistance to: [J Air [J Saline
Catheter secured at skin: cm Depths: Epidural cm  Catheter cm
Comments: Comments:
| Injectate | | Narrative |
Local Anesthetic [ %] Volume (ml) ] Blood aspirated [J Unanticipated CSF
[ Pain on injection [J Unanticipated paresthesia
- [ (+) Test dose for IV/subarachnoid placement
Adjunct(s): .
Comments/actions:
Epinephrine:

[J Incremental injection [ (-) Epinephrine test dose

Performed by:

Name Signature Date Time
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| ‘ Patient Identification

Billings Clinic.

Outpatient Postoperative Contact Form

Patient Information
(to be completed upon entry into Outpatient Surgery)

Date: Address:
Procedure: Telephone:
Anethesiologist: Parents:

Telephone Interview

Date/Time of Callback:

Did you have any problems after leaving the hospital?
(i.e. pain control, nausea/vomiting, incision site drainage/bleeding, fever, bowel/bladder etc.)

Did you meet and talk with your anesthesiologist before surgery?

Do you have any other questions, comments, or suggestions?

Actions

Actions taken by RN:

[J Unable to contact by telephone. Card sent to address above on

(date)

RN: Signature Printed Name
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HUNTINGTON HOSPITAL _— Egi‘\
ACUTE PAIN MANAGEMENT SERVICE ~ CRA
Surgeon: Diagnosis code:

Anesthesiologist:
Operation: ROOMNO.

Date of service:

HUNTINGTON HOSPITAL ACUTE PAIN MANAGEMENT SERVICE: THERAPY INITIATION

CHECK ONE:
[ I.V.PCA [] EPIDURAL/NEURAXIAL [] PERIPHERAL NERVE BLOCK
CPT [ Thoracic 62318 + 99231 Brachial Plexus [ Single shot 64415 [J-59
CPT: 01997 0] Lumbar 62319 + 99231 O Continuous 64416 [1-22
i ; Sciatic [ Single shot 64445
[ Postop Pain Rx only (Daily Mgmt.) 01996 p
INITIAL SETTINGS: [ Postop Visit (Single Shot) 99231 O Continuous 64446
[ Blood Patch 62273 Femoral [ Single shot 64447
[ Morphine [ Hydromorphone INITIAL SETTINGS: [ Continuous 64448
AL i t. Y . Psoas [ Continuous 64449
Continuous Rate: mg./hr. | Continuous Rate: ___ml./hr./Titrate ____to ) )
Bupivacaine: % Ropivacaine % E{glui\s/a—caine ml. Cont'ﬂy%;:rate' —— mihr.
Demand Dose M. | 4 Fentanyl ___mog./ml., Hydromorphone__meg./ml. | OP ° -
 |or Preserv. Free Morphine meg./ml. During Placement: [] Yes[] No Home [] Yes [ No Paresthesia
Lockovtinteral i ] PCEA Dose ml. Delay Min. | Yes [JNo Pain on Injection []Yes [J No Low Resistance to Inj.
4 Hr. Dose Limit Other: PCRA Dose ml. Delay Min.

[ Procedure Explained to Patient including Risks/Benefits/Alternatives. Patient Consents to Procedure.

HUNTINGTON HOSPITAL - ACUTE PAIN MANAGEMENT SERVICE

POSTOP DAY #
SUBJECTIVE:
Date: OBJECTIVE: Pain Score: /10
' [JPCA [ Epidural [JPeripheral nerve block [ Single shot neuraxial
[ Vital signs stable  [JAlert & oriented [J No motor/sensory block [J Nausea [J Pruritus [J Headache
Time:
[ Bromage Score
ASSESSMENT/PLAN: [J Continue current Rx [ Catheter removed, tip intact [ Further pain Rx plan
Provider COMMENTS:
Signature:
POSTOP DAY # HUNTINGTON HOSPITAL - ACUTE PAIN MANAGEMENT SERVICE
SUBJECTIVE:
Date: OBJECTIVE: Pain Score: no
’ [JPCA [ Epidural [ Peripheral nerve block
[ Vital signs stable [ Alert & oriented [J No motor/sensory block [J Nausea [J Pruritus [J Headache
Time: [] Bromage Score
ASSESSMENT/PLAN: [JContinue current Rx [JCatheter removed, tip intact  [JFurther pain Rx plan
Provider COMMENTS:
Signature:
POSTOP DAY # HUNTINGTON HOSPITAL - ACUTE PAIN MANAGEMENT SERVICE
SUBJECTIVE:
Date: OBJECTIVE: Pain Score: /10
) COPCA [ Epidural OJPeripheral nerve block
O Vital signs stable  CJAlert & oriented  [J No motor/sensory block 1 Nausea [ Pruritus [J Headache
Time:
[ Bromage Score
ASSESSMENT/PLAN: [ Continue current Rx  [ICatheter removed, tip intact  [CIFurther pain Rx plan
Provider COMMENTS:
Signature:

FORM 1-324 (REV. 11/05)
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Ultrasound-Guided Peripheral
Nerve Blockade

Alan Bielsky and David M. Polaner

Introduction

The introduction of ultrasonographic guidance
for peripheral nerve blockade has provided
today’s anesthesiologist with a powerful imaging
tool for managing the precision and safety of
needle and catheter placement and of local anes-
thetic injection. Due to the wide range of blocks
performed, and the inability to blind observers
when studying blocks, it is difficult to determine
with certainty if ultrasound-guided blocks are
better than other techniques, but numerous stud-
ies provide evidence that using ultrasound con-
fers increased efficacy, lower local anesthetic
requirements and improved safety compared
with landmark or nerve stimulator techniques
[1-11]. Randomized, controlled trials have
assessed individual ultrasound-guided blocks and
suggest a reduced risk of vascular puncture,
improved block quality, faster onset time, and
reduced time to perform the block [8-10].
Additionally, some investigations have suggested
that ultrasound guidance may permit successful
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blockade with lower volumes of local anesthet-
ics, which might have implications regarding
reduced risk for toxicity [12, 13].

Basic principles of ultrasound-guided periph-
eral nerve blockade require an understanding of
nomenclature, physics, and descriptions of probe
manipulation and the orientation of the probe
relative to the needle. An ultrasound probe uses a
cyclic sound pressure beam which penetrates a
medium and then measures the reflection signa-
ture, creating an image [14]. This permits the
operator to visualize the inner structural details
of many media, including soft tissue.

When describing an ultrasound image, one uses
the terms hyperechoic, hypoechoic, and anechoic.
Hyperechoic refers to a bright, white appearance
of structures, while hypoechoic refers to a darker,
duller appearance of structures. Anechoic refers to
a completely dark appearance. Typically, tendons,
nerves, and fascia appear as hyperechoic, while fat
and muscle appear as heterogeneous, hypoechoic
structures. Fluid, which fills the arteries and veins,
appears as anechoic. Air produces a bright, hyper-
echoic image (Fig. 9.1).

In order to optimize images with the tools
available on ultrasound machines, one must
understand some basic principles. The ultrasound
wave frequency can be chosen both by probe
selection and by changing the settings on the
machine itself. Higher-frequency beams improve
axial resolution, which is the ability to distinguish
between two objects at different depths in line
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Fig.9.1 Image of hyper- and hypoechoic. (A) The fluid-
filled femoral artery appears as a dark, anechoic structure,
and (B) the fascial structure appears bright and, as such, is
hyperechoic

with the axis of the beam [15]. Thus, increasing
the frequency of the ultrasound probe (10—
13 MHz) will improve resolution of superficial
structures at the expense of visualizing deeper
structures. Conversely, a lower frequency will
improve image quality of deeper structures at the
expense of resolution of more superficial struc-
tures. The term “gain” refers to the degree to
which the ultrasound machine amplifies return-
ing ultrasound waves, making them appear
brighter. Gain will increase the brightness of the
entire image, but also increases artifact from
background noise. “Time gain compensation” is
a form of gain manipulation that allows the oper-
ator to adjust the gain at specific depths in the
field. Time gain compensation is useful in filter-
ing out background noise and focusing on the
depth of the target, though it may make visualiza-
tion of the needle more difficult. Altering depth
penetration also can be used to enhance the
image. Once a target is identified, if a greater-
than-necessary depth is selected, the target will
appear small due to the change in aspect ratio of
the image. If the set depth is too shallow, the tar-
get may be obscured or fall deeper than the pen-
etration of the ultrasound beam appears on the
screen. The final manipulation is “focus,” which
allows the operator to place the focal zone of the
beam at various points in the field to limit beam

divergence, thereby improving lateral resolution,
which is the ability to distinguish between two
structures that sit side by side [16, 17].

In addition to optimizing the machine settings,
an image can be enhanced by physical manipula-
tions of the probe by the operator. The basic
motions of probe manipulation are pressure, rota-
tion, alignment, and tilt (Fig. 9.2). The needle
direction in relation to the ultrasound beam can
be described as in-plane or out-of-plane (Fig. 9.3).
It is also useful, before needle placement, to
establish the ultrasound probe’s orientation in
relation to the right and left sides of the screen
and to center the target in the image on the screen.

Fig.9.2 The basic principles of ultrasound probe manip-
ulation are pressure, rotation, alignment, and tilting
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Fig.9.3 (a) The needle
is in-plane with the
ultrasound probe. (b)
The needle is out-of-
plane with the
ultrasound probe

Local Anesthetic Dosing

It is difficult to give absolute dose recommenda-
tions for specific blocks. In some cases it appears
to be better to use as small a dose of drug as pos-
sible, in order to reduce the incidence of side
effects (e.g., to reduce diaphragmatic paresis
with interscalene block) [5]. For other blocks
(e.g., transversus abdominal plane blocks), how-
ever, increasing volume while not exceeding the
accepted safe limits for toxicity may improve

block quality [18]. Many experts, on the basis of
both empiric evidence and limited study data,
recommend that ultrasound imaging can help
guide the adequacy of administered volume by
visualizing the spread of injected local anesthetic
around the target nerves. General recommenda-
tions for average volumes of local anesthetic for
specific blocks are found in Table 9.1. In all cases
one must never exceed the recommended toxic
limits of local anesthetic, which should be calcu-
lated in advance and must also take into account
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Table 9.1 Dosing

Suggested Postoperative Max dose

Area of block volume (mL/kg) analgesic dose Anesthetic dose (mL)
Above umbilicus 0.2-0.4 0.2% Ropivacaine or | 0.35% Ropivacaine or 30

0.25% bupivacaine 0.375% bupivacaine
Below umbilicus 0.3-0.5 0.2% Ropivacaine or | 0.35% Ropivacaine or 40

0.25% bupivacaine 0.375% bupivacaine
Compartment block (TAP, | 0.25 0.2% Ropivacaine or Surgical anesthetic dose 40
quadratus lumborum, 0.25% bupivacaine cannot be obtained (not
paravertebral) applicable)

Table 9.2 Local anesthetic toxic dose limits

Agent Maximum dose (mg/kg)

Lidocaine 3

Lidocaine with epinephrine | 6

Bupivacaine 2
Bupivacaine with 2.5
epinephrine

Ropivacaine 3
Ropivacaine with 4

epinephrine

any addition local anesthetic dose administered
to the patient by the anesthesiologist or surgeon
(Table 9.2). Local anesthetic systemic toxicity is
arare event during peripheral nerve blockade but
must be assiduously avoided [19].

Interscalene Nerve Block

The use of ultrasound guidance in the placement
of interscalene peripheral nerve blockade has
been validated by studies addressing success rate,
block quality, and time to perform the block [20,
21]. The interscalene nerve block aims to inject
local anesthetic at the level of the trunks in the
brachial plexus, thereby providing anesthesia to
the upper arms and shoulder.

The trunks of the brachial plexus are most
effectively accessed at the level of C6, at which
location cadaver studies have shown a minimum
distance of 23 mm from skin to vertebral foramen
[22]. Here, the plexus passes through a compart-
ment formed by the fascia-encased anterior and
middle scalene muscles (Fig. 9.4).

To perform an interscalene nerve block with
ultrasound guidance, the patient is placed supine

with the head rotated between 30 and 45° away
from the side of the block. After sterile preparation
of the skin and the ultrasound probe, visual inspec-
tion reveals the sternocleidomastoid muscle and
the thyroid prominence, which is slightly above
the C6 level. A linear probe is placed on the skin
overlying the sternocleidomastoid at this level in
an axial oblique plane in order for the ultrasound
beam to transect the plexus (Fig. 9.5). Initial ultra-
sonographic anatomic landmarks include the ster-
nocleidomastoid, which can be identified by its
tapering appearance as one examines more later-
ally. The carotid artery and jugular artery can be
recognized as pulsatile, anechoic, round structures
(Fig. 9.6). Moving laterally, the anterior and mid-
dle scalene muscles appear in cross section, identi-
fiable by their round, striated nature. In between
these two muscles, potentially between their
hyperechoic-appearing investing fascia, lay the
trunks of the brachial plexus. Adjustments should
be made to the ultrasound image in order to maxi-
mize frequency and minimize field depth. The
trunks appear as round, hypoechoic structures that
may be separated by hyperechoic fascial septae
(Fig. 9.7). The stacked linear orientation has been
described as resembling a snowman.

A 2-4 cm needle is placed at the lateral border
of the linear ultrasound probe and advanced medi-
ally toward the trunks under constant ultrasound
visualization. The needle tip should be visualized
passing lateral to the sternocleidomastoid and
skirt along the medial border of the middle sca-
lene fascia until it reaches the midpoint of the
viewed trunks (Fig. 9.8). After aspiration, a small
test dose of local anesthetic should be adminis-
tered, with good spread being visualized around
the trunks and not in muscle or vascular tissue.



9 Ultrasound-Guided Peripheral Nerve Blockade 175
Fig.9.4 The brachial .
1
plexus L\ Roots (5) From C4
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Fig. 9.6 Relationship between the carotid artery (a),
internal jugular vein (v), and sternocleidomastoid (scm)

Fig. 9.7 Ultrasound image of the interscalene approach
to the brachial plexus showing the trunks of the plexus.
Displayed are the sternocleidomastoid (scm), the anterior
scalene muscle (asm), the middle scalene muscle (msm),
and the trunks of the brachial plexus (arrows)

Complications from interscalene nerve block-
ade can be dramatic due to the proximity to major
vascular and neuraxial structures. Pneumothorax,
spinal cord injection with resultant permanent
paralysis, epidural injection, intrathecal injection,
and intravascular injection are all concerns, and
although rare, have been reported [23, 24].
Additionally, neck hematoma and sepsis have
been described [25]. Persistent neuropathy after
interscalene block has been assessed prospec-
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Fig. 9.8 Interscalene injection. Needle trajectory of the
interscalene nerve block (dashed line)

tively and does occur with an incidence of
between 4 and 16% within the first week after the
block but only 0.1-0.2% permanently [6]. These
numbers were not different for ultrasound-guided
versus nerve stimulator-guided blocks. More
common side effects may include a Horner’s-type
syndrome, transient vocal changes, and transient
phrenic blockade. As such, patients should be
advised of these phenomena preoperatively, as to
alleviate postoperative concerns. Whereas phrenic
nerve paresis is nearly universal when nerve stim-
ulation is used to guide needle placement and may
produce significant hypoxemia or respiratory
insufficiency in susceptible subjects, reports sug-
gest that ultrasound guidance may dramatically
reduce its incidence due to the reduction in neces-
sary volume [5].

Of particular note, interscalene nerve block-
ade has been considered a high-risk (or even
contraindicated) procedure in the heavily sedated
or anesthetized patient due to the inability of the
patient to report paresthesias that could herald
entry into the vertebral foramina. Recent results
from an analysis of the prospective Pediatric
Regional Anesthesia Network database found
that the risk of performing this block using ultra-
sound guidance in anesthetized children bears no
greater risk than that reported in awake adults
[26]. Comparable data in adults are not yet
available.

Supraclavicular Nerve Block

After fading away from the anesthesiologist’s
armamentarium due to an elevated risk of pneu-
mothorax when performed with surface land-
marks, the ultrasound-guided supraclavicular
approach to the brachial plexus has gained wide-
spread acceptance due to the ability to easily
visualize and inject structures in this area.
Subsequent analysis has shown an exceedingly
low incidence of pneumothorax when ultrasound
is employed [27]. The supraclavicular nerve
block aims to anesthetize the divisions of the bra-
chial plexus as they pass over the first rib, under
the clavicle (Fig. 9.9). Here, the divisions are
located posterolateral to the subclavian artery,
medial to the middle scalene muscle, and supe-
rior to both the first rib and the pleura [27-29].
The supraclavicular nerve block provides fast-
acting and dense anesthesia for procedures distal
to the midhumerus.

To perform the block, the operator stands at
either the head of the bed or facing the ipsilateral
shoulder. The patient’s head is turned between 30
and 45° away from the side to be blocked. After
sterile preparation of the skin and probe, the
supraclavicular fossa is visually identified, not-
ing the sternocleidomastoid muscles, clavicle,
and coracoid process. A high-frequency linear
probe is placed in a coronal oblique plane, which
can be approximated by orienting the probe
roughly parallel to the clavicle. Some may find it
easiest to “step off” the clavicle and let the probe
seat into the supraclavicular fossa (Fig. 9.10).

Ultrasound examination begins by locating
the subclavian artery in the short axis view,
where, with appropriate rotation and tilting, the
artery will appear as a round, pulsating, and
anechoic structure. At this point, one will also see
the hypoechoic first rib underneath the artery
and, possibly, the pleura. Ultrasonographically,
the pleura will have a mixed pattern of hyper- and
hypoechoic signals due to the presence of air in
the interstitium and will move with respiration,
while the rib will not. Lateral to the subclavian
artery, the operator will appreciate the middle
scalene, which is scanned in short axis and is
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Fig.9.9 Passage of the
brachial plexus in the
supraclavicular area

Lateral
pectoral nerve

Musculocutaneous
nerve

Median cutaneous
nerve of the forearm
Median cutaneous
nerve of the arm

Fig. 9.10 Photo of performance of the supraclavicular
block

notable for its often-striated appearance. In
between the subclavian and the middle scalene
lie the divisions of the brachial plexus, which
appear as a hypoechoic, grape-cluster-like struc-
ture (Fig. 9.11).

After identification of the brachial plexus in
the supraclavicular fossa, the ultrasound image is
optimized by increasing frequency and decreas-
ing image depth to focus on the plexus and the
first rib. The block needle is then advanced under
constant visualization in an in-plane fashion
along the medial border of the middle scalene,

Suprascapular

Dorsal
scapular
nerve

Subclavian
nerve

Upper subscapular nerve

Medial pectoral nerve

Thoracodorsal nerve

Lower subscapular nerve

Fig.9.11 View of the brachial plexus in the supraclavic-
ular fossa. Note the sternocleidomastoid (scm), subclavian
artery (SA), anterior scalene muscle (asm), middle scalene
muscle (msm), first rib shadow and pleura (p/), and the
brachial plexus divisions (arrows)

toward the lateral portion of the plexus. In order
to obtain proper needle position, it is often neces-
sary to pierce the middle scalene muscle
(Fig. 9.12). Here, a test dose reveals spread of the
anesthesia in the fascial layer surrounding the
divisions of the brachial plexus. If indicated, sub-
tle movements can be used to penetrate small fas-
cial layers to provide adequate local anesthetic
spread.
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Fig.9.12 The needle trajectory (yellow dashed line) for
supraclavicular nerve block

Inherent to the supraclavicular nerve block is
the risk of pneumothorax, the risk of which is
reduced by cautious and deliberate needle advance-
ment under ultrasound guidance. Other risks
include intravascular injection with resultant local
anesthetic toxicity, neck hematoma, and abscess. In
the largest cohort reported to date, the incidence of
accidental vascular puncture and transient sensory
deficits were both 0.4%. Horner Syndrome and
hemidiaphragmatic paresis occurred in 1% and
there were no pneumothoraces [30].

Infraclavicular Nerve Block

The infraclavicular nerve block targets the bra-
chial plexus as it emerges from underneath the
clavicle. Here, the lateral, medial, and posterior
cords surround the axillary artery and are easily
identified by ultrasound examination. This block
is utilized in surgeries distal to the midhumerus.
Though quite similar to the supraclavicular nerve
block, it offers benefits of diminished risk of
phrenic nerve blockade and ease of catheter
placement [31]. The ultrasound-guided infracla-
vicular nerve block has shown similar, if not
improved, efficacy compared with the axillary
approach to the plexus as well as greater patient
comfort and willingness to undergo the same pro-
cedure when performed in the awake or unsedated
subject [32, 33].

A.Bielsky and D. M. Polaner

Fig.9.13 Performing the infraclavicular block

To perform the infraclavicular nerve block, the
operator preferably stands at the head of the bed.
Visual inspection reveals the sternocleidomastoid,
the clavicle, and the coracoid process. It may be
helpful to mark these points on the patient with a
soft-tip marker. Additionally, it may be useful to
abduct the arm to 90°, externally rotate the shoul-
der, and flex the elbow (Fig. 9.13). This action
may bring the plexus closer to the skin, allowing
the ultrasound image to be optimized [34].

After sterile preparation of the skin, a linear
ultrasound probe is placed in the coronal plane in
the infraclavicular fossa. Of note, in the larger
patient, a lower-frequency (8-10 MHz) ultra-
sound beam may be required, as it may need to
penetrate deeper than for other blocks. The
hypoechoic clavicle is identified, and then the
axillary artery is visualized in cross section.
Rotation and tilting may be used to enhance the
artery’s round, pulsating image. Once this is
achieved, one can appreciate the two muscle lay-
ers immediately anterior to the artery, comprised
of the pectoralis major and pectoralis minor. The
image depth and frequency are then optimized. It
is important to orient oneself to the location of
the beam, specifically which side is caudal and
which is rostral. Another landmark to note may
be the heterogeneous lung pleura, which moves
with inspiration.

In the infraclavicular fossa, the cords of the
brachial plexus appear as hyperechoic star-like
structures surrounding the hypoechoic axillary
artery. Chan classically described the positions of
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the nerve cords in relation to the axillary artery in
terms of a clock face with the lateral cord located
cranially at 09:00 h, the posterior cord between
06:00 and 07:00 h, and the medial cord lying at
04:00-05:00 h, often between the axillary artery
and vein (Figs. 9.14 and 9.15) [29, 35].

Using an in-plane approach, a needle is guided
from either the rostral or caudal end of the ultra-
sound probe, under constant visualization. It is
often easier to insert the needle at the rostral end
of the probe just underneath the clavicle, as a 45°
angle is usually sufficient to initially reach the

Median nerve

Axillary artery
Axillary vein

Ulnar nerve
Radial nerve

Fig.9.14 Location of the cords around the axillary artery

Fig.9.15 Ultrasound appearance of the approach to the
infraclavicular nerve block. The pectoralis major (pmj)
and pectoralis minor (pmn) cover the brachial plexus
noted by arrows, which surrounds the axillary artery (AA).
The small axillary vein (AV) is located caudal to the artery

posterior cord, and, after injection, draw back to
the lateral cord and inject further local anesthetic.
When the needle reaches the posterior cord,
injection may result in the “double bubble sign,”
which consists of the hypoechoic axillary artery
anteriorly and the spreading local anesthetic pos-
teriorly [34]. One may see additional spread of
the local anesthetic in a u-shaped fashion along
the posterior border of the axillary artery.

Complications associated with the infracla-
vicular nerve block include hematoma, infection,
vascular puncture, and local anesthetic toxicity.
Pneumothorax is avoided by maintaining the nee-
dle in the sagittal plane and avoiding medial
movement. Minor dysesthesia has been noted in
2% of patients in large cohorts, though perma-
nent nerve injury is only rarely described follow-
ing this block [31, 33].

Axillary Nerve Block

A time-tested approach to the brachial plexus
exists in the axillary nerve block, although with
the advent of ultrasound guidance for the previ-
ously described brachial plexus techniques, this
block has become less frequently performed.
Here, the brachial plexus is blocked at the level of
terminal nerves as they pass through the axilla.
This technique lends itself to ultrasound guid-
ance due to the superficial orientation of the
plexus. Of note, this is an excellent “starter”
block for newcomers to ultrasound-guided
blocks, due to the easy visualization of structures,
the ability to handle the needle with multiple
passes under ultrasound guidance, and the lack of
critical structures to avoid. Much like the infra-
clavicular block, the axillary nerve block pro-
vides anesthesia for extremities distal to the
midhumerus.

To perform the axillary nerve block, the arm is
abducted to 90° and externally rotated. After ster-
ile preparation, a linear probe is placed in a
parasagittal orientation in the axilla (Fig. 9.16).
On initial exam, one notices the striated biceps
and triceps muscles and the pulsating axillary
artery. As the probe is centered over the axillary
artery, the image is optimized by increasing
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Fig.9.16 Performing the axillary nerve block

Fig. 9.17 The ultrasonography of the axillary nerve
block. The axillary artery (A) is located centrally, bounded
laterally by the biceps muscle (Bi) and medially by the
triceps muscle (7r) and compressible axillary vein (V).
The terminal nerves surrounding the artery are the median
nerve (yellow arrows), the radial nerve (blue arrows), and
the ulnar nerve (red arrow). The musculocutaneous nerve
(Mc) is separately blocked as it runs in between the biceps
and the coracobrachialis (Cb)

frequency, adjusting gain, and reducing depth.
The median, radial, and ulnar nerves are visual-
ized as heterogeneous, typically honeycomb-
shaped structures around the artery. While there
does tend to be variation in location of the nerves,
the median nerve is located most laterally, in
close proximity to the biceps; the radial nerve
tends to lie deep to the axillary artery; and the
ulnar nerve lies medially, close to both the triceps
muscle and the axillary vein (Fig. 9.17) [36].

An in-plane approach is used to guide a needle
to the plexus. There is consensus among some
experts that multiple injection passes are needed

to provide adequate anesthesia to the distal upper
extremity [37-39]. Typically, one may insert the
needle from the lateral aspect of the brachial
plexus and advance the needle to the radial nerve,
which lies underneath the axillary artery, typi-
cally at a 06:00 h position. The needle is then
withdrawn to the 09:00 h position, where the
median nerve is injected. The current evidence
suggests that selective ulnar nerve injection is not
necessary for block success because diffusion of
the solution within tissue planes will produce
adequate blockade of that nerve [37]. Block suc-
cess seems to be improved when it is easy to
visualize the spread of hypoechoic local anes-
thetic around the nerve bundles [40].

A specific problem frequently encountered
with the axillary plexus block is the early (proxi-
mal) exit of the musculocutaneous nerve, which
innervates the surface of the medial arm. This
frequently necessitates the direct blocking of the
musculocutaneous nerve, which courses through
the body of the coracobrachialis muscle. To block
the nerve here, one simply places the probe on
the coracobrachialis muscle in a cross-sectional
fashion and finds the nerve by its hyperechoic
signature within the muscle mass. This can be
achieved with distal and superior scanning of the
ultrasound probe on the arm. A small volume of
local anesthetic then is placed at this site [41].

Complications of the axillary nerve block
include hematoma, infection, vascular puncture,
and local anesthetic toxicity. Nerve injury from
this block is exceedingly rare [39].

Femoral Nerve Block

The femoral nerve block is utilized for proce-
dures involving the anterior thigh and knee. This
block is easy to perform given the size of the
nerve sheath and its adjacent structures and finds
many uses in orthopedic practice. The femoral
nerve is blocked in the proximal thigh as it exits
below the inguinal ligament and above both the
psoas and iliacus muscles. It is easily identifiable
as it courses lateral to the femoral artery, sur-
rounded in a triangular fashion by the artery and
iliopectineal ligament medially, fascia lata
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Fig.9.18 The femoral
nerve and its relation to
the artery and vein
Femoral nerve
Femoral artery
Femoral vein
lliacus
Lymph node — Sartorius

Pectineus

Adductor longus

superiorly, and iliacus muscle and its investing
fascia inferiorly (Fig. 9.18).

To perform the block, the patient is placed
supine, with the legs in a neutral position. After
sterile preparation, a linear probe is placed in a
transverse orientation just distal to the inguinal
ligament (Fig. 9.19). The first and most promi-
nent landmark is the pulsating, anechoic femoral
artery. The operator then moves the probe distally
to observe the takeoff of the profunda femoris
artery from the femoral artery. Blockade of the
femoral nerve should be proximal to this land-
mark. The nerve is identified as a hyperechoic,
heterogeneous structure located lateral to the
artery. It often appears as a “comet trail,” which is
due to its surrounding fascia lata and iliacus mus-
cle. If difficulty is encountered visualizing the
nerve, the probe can be tilted in a caudal-rostral
fashion until the image improves (Fig. 9.20) [42].

The image is optimized using frequencies
between 8 and 10 MHz, by adjusting depth and

Fig.9.19 Performing the femoral nerve block

gain. In an in-plane approach, the needle is
passed to the inferolateral border of the “comet
tail” Here, local anesthetic is deposited.
Frequently, with injection the round, hyperechoic
nerve becomes more visible as the local anes-
thetic surrounds the nerve. If there is inadequate
spread of local anesthetic medially, one can
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Fig. 9.20 Ultrasonographic appearance of the femoral
nerve. The femoral nerve (arrows) is observed superior to
the iliopsoas muscle (/P) and lateral to the femoral artery
(A) and femoral vein (V). It is encased by the fascia iliaca
(FI) and bounded superiorly by the fascia lata (FL)

reposition the needle on top of the nerve and con-
tinue injection, though it is wise to stay below the
hyperechoic, linear-appearing fascia iliaca.

Complications of the femoral nerve block
include hematoma, abscess, vascular puncture,
and local anesthetic toxicity. Transient and per-
manent nerve injury after femoral nerve blockade
is exceedingly rare [31].

Sciatic Nerve Block

While it is a large nerve, ultrasound imaging of
the sciatic nerve is impeded by its depth and by
the large amounts of tissues that surround it in its
proximal region. For this reason, one must con-
sider whether a proximal or distal sciatic nerve
block is appropriate. If anesthesia of the posterior
thigh is required, a proximal sciatic block should
be performed. If anesthesia is only required at
and below the knee, a popliteal fossa sciatic nerve
block is sufficient.

The sciatic nerve is formed from the L4, L5,
and S1-S3 nerve roots, leaving the pelvis via the
greater sciatic foramen, deep to the gluteus maxi-
mus, and along the medial side of the femur [43].
The sciatic nerve splits in the popliteal fossa to
form the tibial and peroneal nerves, which pro-
vides innervation to the lower extremity distal to
the knee. As such, the sciatic nerve can be

blocked proximally, near the gluteus maximus, or
distally in the popliteal fossa.

Sciatic nerve blockade near the gluteus maxi-
mus poses challenges of depth to anesthesia
guidance. To perform the block at this level, the
patient is placed in a lateral position with the hips
and knees flexed. To obtain an image, a lower-
frequency (2-5 MHz) curved array probe is
placed just inferior to the buttock in line with the
ischial tuberosity and greater trochanter [44].
Here the sciatic nerve will be found deep to the
gluteus maximus and medial to the ischial tuber-
osity. The depth of the nerve varies between 3
and 5 cm. The nerve appears as an elliptical
hyperechoic structure that may be difficult to dis-
tinguish from the fascia surrounding the gluteus
maximus (Fig. 9.21). For this reason, a stimulat-
ing needle may be of benefit in confirming its
position [45]. Using an in-plane or out-of-plane
technique, an insulated stimulating needle is
passed to the nerve. It is wise to anticipate that a
longer-length needle may be needed. Once the
needle has reached the sciatic nerve, neurostimu-
lation may reveal the need for readjustment.

At the midthigh, the sciatic nerve becomes
more superficial, though it may still be difficult to
see in patients with more muscle or adipose mass.
In this setting, a lower-frequency (6—-10 MHz)
linear probe is used. The patient’s leg is flexed at
the knee and positioned so that the posterior

Fig. 9.21 The proximal sciatic nerve. The sciatic nerve
(arrows) is bounded superficially by the gluteus maximus
(GM) and deeper by the adductor magnus muscles (AM).
The hypoechoic femur (F) serves as the lateral point of
reference
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Fig.9.22 The midthigh sciatic nerve. The sciatic nerve
(arrows) lying deep to the semimembranosus (SM), semi-
tendinosus (S7), and biceps femoris (BF)

aspect of the thigh is accessible to probe place-
ment. The probe is then applied laterally to the
posterior aspect of the thigh. Anatomic structures
of note in the view are the biceps femoris, adduc-
tor magnus, semitendinosus muscle, and semi-
tendinosus muscle (Fig. 9.22). The sciatic nerve
appears as a honeycombed oval or elliptical
structure deep to these muscles [45, 46]. If fur-
ther confirmation is needed, one can use the
“scan down-scan up” technique in which the
operator scans, in the same plane, distally to
observe the bifurcation of the sciatic nerve into
the tibial and peroneal nerves. The “scan back”
portion then tracks the nerve proximally and pro-
ceeds with needle placement. Needle insertion
can be in-plane or out-of-plane. It is often useful
to use an in-plane, trans-vastus lateralis approach.
For this technique, the needle is inserted in-plane
and passed in a lateral fashion from the side of
the thigh (Fig. 9.23). An advantage of the trans-
vastus approach is that the needle angle remains
constant, allowing the operator to optimize the
needle image and then advance in that optimized
plane.

The popliteal fossa provides an easy location
to perform sciatic nerve blockade, though it will
not provide anesthesia to the posterior thigh
proximally to the popliteal fossa. Here, the thick
muscular tissues part, allowing easy visualization

Fig. 9.23 The
placement

trans-vastus approach for needle

Fig.9.24 The popliteal fossa. The sciatic nerve (arrows)
is bounded laterally by the semitendinosus (S7) and semi-
membranosus (SM) muscles and medially by the biceps
femoris muscles (BF). The popliteal artery (PA) and pop-
liteal vein (PV) are also seen

of the sciatic nerve. The patient is placed in either
a lateral position or a supine position with the hip
flexed and the knee flexed. An 8- to 10-MHz
probe is placed transversely at the posterior por-
tion of the popliteal crease. The tendons of the
semimembranosus and semitendinosus are iden-
tified medially, and the biceps femoris is located
laterally. Additional landmarks noted by ultra-
sound exam include the anechoic, the pulsatile
popliteal artery, and the compressible popliteal
vein. The vessels are located medially to the sci-
atic nerve, which appears as a hyperechoic, round
structure  with  hypoechoic  honeycombing
(Fig. 9.24) [28]. Needle choice is made, and the
needle can be introduced in an in-plane or out-of-
plane fashion. Again, as in the midthigh region,
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Fig. 9.25 The bifurcation of the sciatic nerve into the
common peroneal (CP) and tibial nerves (7)

the in-plane needle insertion can be performed in
a trans-vastus approach or in an angular approach
from the side of the probe. The “scan back” tech-
nique is often useful for this approach as well,
noting the separate tibial and peroneal nerves and
then moving the transducer proximally until their
point of bifurcation from the single sciatic nerve
is identified (Fig. 9.25).

Complications

Complications of the sciatic nerve block include
hematoma, abscess, vascular puncture, and local
anesthetic toxicity. Transient and permanent
nerve injury after sciatic nerve blockade is
exceedingly rare [3, 31].

Saphenous Nerve Block/Adductor
Canal Block

The saphenous nerve, a terminal sensory branch
of the posterior division of the femoral nerve,
provides innervation to the medial aspect of the
upper thigh, lower leg, ankle, and foot. As the
nerve exits the adductor canal, it courses along
with the saphenous branch of the descending
genicular artery [47, 48]. The nerve then gives off
an infrapatellar branch innervating the knee, and

a sartorial branch, which courses to the posterior
portion of the knee.

The saphenous nerve is easily blocked in the
midthigh, owing to its course along with the sar-
torius muscle, the femoral artery, and, more dis-
tally, the descending genicular artery. The patient
is placed supine, and after sterile preparation, the
probe is placed in a transverse fashion on the
anterior thigh, midway between the inguinal
crease and knee. Typically, owing to the deeper
location of the nerve, a frequency between 6 and
1 MHz is selected. Initial ultrasound examination
will identify, most superficially and medially, the
sartorius muscle and, laterally and deeper, the
vastus medialis. The nerve can be identified as it
courses laterally and deep to the sartorius muscle,
in an anterolateral relation to the femoral artery.
Here, the nerve will appear as a hyperechoic,
star-like structure that directly abuts the artery
(Fig. 9.26). If difficulty is encountered, the probe
can be moved more distally in order to attempt to
image the nerve as it exits the adductor canal,
though it may change its orientation to both the
sartorius and the descending genicular artery in

Fig. 9.26 The trans-sartorial saphenous block. The
saphenous nerve (arrows) in relation to the vastus media-
lis (VM), the femoral artery (FA), and the sartorius ()
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this view. The nerve can also be identified by a
“scan back technique” in which the operator
locates the femoral nerve and artery in the ingui-
nal crease and then traces these structures down
to the midthigh, thereby identifying the saphe-
nous nerve [49].

Needle selection is based on the depth of the
nerve on ultrasound examination, and an in-plane
approach is used from the lateral edge of the
ultrasound probe. After the needle reaches the
saphenous nerve, aspiration is performed to
exclude vascular placement, and local anesthetic
is injected incrementally. At times, the needle
may be repositioned to ensure injection within
the fascial sheath running in between the vastus
medialis and the sartorius.

Use of the term “adductor canal block™ has
become more frequent in relation to surgeries of
the lower extremity. This block is performed in
the same fashion as the saphenous nerve block,
but a higher volume of injectate is utilized [50,
51]. The higher volume of local anesthesia may
provide additional proximal spread to cover the
vastus medialis nerve, the middle femoral cuta-
neous nerve, articular branches of the obturator
nerve, and the medial retinacular nerve, thereby

Fig.9.27 The course of
the ilioinguinal and
iliohypogastric nerves

lliohypogastric nerve

llioinguinal nerve

Anterior cutaneous branch
of iliohypogastric nerve

Anterior scrotal (labial)
branches of ilioinguinal nerve

providing sensory block to the medial and ante-
rior aspects of the knee and the upper tibia [47,
48, 52].

Truncal Blocks

llioinguinal-lliohypogastric Nerve
Block

The ilioinguinal nerve innervates the upper
medial part of the thigh and the upper part of the
genitalia, while the iliohypogastric nerve pro-
vides sensation to the buttock and abdominal
wall above the pubis. As such, the ilioinguinal-
iliohypogastric nerve block (IITHNB) can pro-
vide analgesia for procedures including inguinal
hernia repair, orchiopexy, and hydrocele repair
[53]. The ilioinguinal and iliohypogastric nerves
are terminal portions of the L1 root that emerge
from the lateral border of the psoas major mus-
cle, cross the quadratus lumborum muscle
obliquely, and perforate the transverse abdominis
muscle, where they course together in the plane
between the internal oblique and transverse
abdominis (Fig. 9.27) [44].
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The nerve block is performed with the patient
supine. After sterile preparation of the skin and
probe, the probe is placed in a transverse orienta-
tion directly medial to the anterior superior iliac
spine (ASIS). Here it is useful to tilt and rotate the
probe so that it runs parallel to a line drawn
between the ASIS and umbilicus. The operator
then gently moves the probe medially, “rolling
off”” the ASIS. Ultrasound examination will reveal
laterally the hypoechoic shadow of the ASIS and
the three layers of abdominal musculature: the
external oblique, internal oblique, and transverse
abdominis. Below the transverse abdominis, the
bowel can be seen. The ilioinguinal and iliohypo-
gastric nerves can be visualized as elliptical hon-
eycomb structures that run between the internal
oblique and transverse abdominis (Fig. 9.28).
They may often be mistaken for vascular struc-
tures due to their round, hypoechoic centers.

After frequency, depth, and gain are adjusted
to optimize the image, a needle is passed from the
lateral border of the probe toward the nerve
(Fig. 9.29). After an aspiration is performed to
rule out vascular placement of the needle, a small
test dose is injected. Ultrasound examination of
correct placement reveals a lemon-shaped
appearance of local spread around the nerve bun-
dle. Incorrect placement of the needle will often
result in a round appearance of local anesthetic
spread, typical of intramuscular injection.

Fig.9.28 Ultrasound of the ilioinguinal and iliohypogas-
tric nerves. The ilioinguinal and iliohypogastric nerves
(arrows) lie in between the internal oblique (/O) and trans-
verse abdominis muscles (7A). Also pictured is the more
superficial external oblique

Fig. 9.29 Performing the ilioinguinal-iliohypogastric
nerve block

Specific  complications associated  with
IITHNB are bowel hematoma, bowel puncture,
pelvic hematoma, femoral nerve block, and local
anesthetic toxicity [53]. As such, it is prudent to
constantly visualize the tip of the needle with
specific attention to the depth of both the needle
and the location of the intraperitoneal contents.

Transverse Abdominis Plane Block

The transverse abdominis plane (TAP) block can
be used as an analgesic supplement in procedures
involving the abdominal wall and anterior pari-
etal peritoneum [53]. The transverse abdominis
plane exists between the internal oblique and
transverse abdominis muscles and consists of an
interconnected plexus of nerves comprised of the
somatic afferents of T8-L1 (Fig. 9.30) [53, 54]. It
should be noted that this block will not provide
analgesia of the deep intraperitoneal structures.
To perform the TAP block, a linear probe is
selected. After sterile preparation, the probe is
placed on the abdomen, approximately at the
level of the planned incision, in a transverse fash-
ion just lateral to midline. Initial ultrasound
examination will identify the large, ellipse-like
muscular structure of the rectus abdominis mus-
cles (Fig. 9.31). Once this is identified, the probe
is moved laterally, noting the edge of the rectus
abdominis muscle. Directly adjacent to the lateral
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Fig. 9.31 The cross-sectional ultrasonographic appear-
ance of the rectus abdominis

edge of the rectus abdominis muscle, the three
linear layers of muscle can be visualized, consist-
ing of the external oblique most superficially,
then the internal oblique, and, deepest, the trans-
verse abdominis (Fig. 9.32). Once identified,
depth, focus, and frequency (typically
12-14 MHz) are adjusted to optimize the image.

Fig.9.32 TAP block. The external oblique muscle (EO),
internal oblique muscle (/0), and transverse abdominis
muscle (TA) are visualized. The transverse abdominis
plane (TAP) lies between the internal oblique and trans-
verse abdominis muscle

The needle is introduced in-plane from the
medial edge of the ultrasound probe. Under con-
stant visualization, it is passed into the hyper-
echoic fascial layer between the internal oblique
muscle and the transverse abdominis muscle.
After aspiration, a test dose injection is per-
formed. Ideal visualization of local spread will
show a “lemon”-shaped spread of local anes-
thetic between fascial planes, as opposed to the
more circular-shaped appearance of an intramus-
cular injection [55].

Potential complications of the TAP block
include intravascular injection, local anesthetic
toxicity, peritoneal puncture with or without vis-
ceral injury, and infection at the injection site
[56-58].

Rectus Sheath Block

The rectus sheath block can provide analgesia for
procedures involving the anterior abdominal wall
such as vertical midline laparotomy and laparos-
copy. Its advantages include the large and recog-
nizable size of the rectus muscle and lack of large
vascular structures in that area [59].

The ventral roots of T6-L1 innervate the cen-
tral portion of the abdominal wall and lie between
the belly of the rectus abdominis muscle and,
posteriorly, the fascia of the rectus sheath. Here,
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Fig.9.33 The rectus sheath (RM) is encapsulated anteri-
orly and posteriorly by the rectus sheath (RS)

an injection of local anesthetic will spread in a
caudocephalad manner, anesthetizing the termi-
nal branches of the nerves [60].

To perform the nerve block, the patient is
placed supine. A linear probe is selected, with
typical frequency ranging from 10 to 12 MHz.
After sterile preparation of the skin and probe,
the probe is placed in a transverse fashion along
the lateral edge of the umbilicus. Here, the rectus
abdominis muscle is identified in cross section,
and the image is optimized by decreasing depth
and selecting the best focus depth and frequency.
The probe is then directed laterally to identify the
lateral, beak-like border of the rectus muscle.
Directly posterior to the muscle lies the hyper-
echoic fascia of the rectus sheath (Fig. 9.33).

Needle selection is based on the depth of the
border of the rectus muscle and rectus sheath. In
an in-plane fashion, a needle is introduced from
the lateral edge of the rectus muscle and is placed
between the rectus muscle and the posterior rec-
tus sheath fascia. After aspirating to rule out
intravascular needle placement, a test dose injec-
tion will reveal an ellipse-like spread of local
anesthetic in the fascial plane. Incorrect intra-
muscular placement of the needle will result in
the local anesthetic injection forming a circular
appearance. Once correct needle placement is
confirmed, the remaining local anesthetic is
injected with the goal of separating the rectus
muscle and sheath [61].

Potential complications of the rectus sheath
block include intravascular injection, local anes-

thetic toxicity, rectus sheath hematoma, perito-
neal puncture with or without visceral injury, and
infection at the injection site.

Quadratus Lumborum Block

The quadratus lumborum block aims to deposit
local anesthetic in a similar fascial plane as the
TAP block, only more dorsally in the abdominal
wall (Fig. 9.34). The aim of the block is to anes-
thetize the ventral rami of the spinal nerve roots
as they course anterior to the quadratus lumbo-
rum muscle [62]. The block may impart both a
longer duration of sensory block, as well as a
more complete spread of sensory block over the
upper and lower abdomen [63, 64]. The block is
thus ideal for surgeries that involve more exten-
sive somatic pain over the abdominal wall, such
as laparoscopic surgeries with multiple ports.

To perform the block, a linear probe is
selected. After sterile prep, the probe is placed on
the lateral abdomen, similar to the TAP block.
The external oblique, internal oblique, and trans-
verse abdominis are identified just as in the TAP
block. The probe is then moved laterally, follow-
ing the transverse abdominis to its lateral border,
where it comes to a point. Below the tip of the

Fig.9.34 The quadratus lumborum block: similar to the
TAP block, the external oblique (A), internal oblique (B),
and transversus abdominis muscles (C) are identified.
Below the transversus abdominis lies the quadratus lum-
borum (D). Injection occurs at the conjunction of the
transversus abdominis and the quadratus lumborum (x)
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transverse abdominis lies the quadratus lumbo-
rum muscle, which is surrounded by a hyper-
echoic, thick thoracolumbar fascia [62]. It is
important to ensure that the kidney is not mis-
taken for the quadratus lumborum, and as such,
Doppler interrogation of the target is prudent.
The needle is introduced medially and directed
laterally, with the goal of placement directly
under the thoracolumbar fascia encasing the qua-
dratus lumborum muscle. Once test dose reveals
subfascial injection, injection of a larger volume
of more dilute local anesthetic will result in a
successful block.

Potential complications of the quadratus lum-
borum block include intravascular injection,
local anesthetic toxicity, peritoneal puncture with
or without visceral injury, kidney injury, and
infection at the injection site [65].

Thoracic Paravertebral Block

The thoracic paravertebral space provides an area
to perform unilateral somatic and sympathetic
nervous blockade to the chest and abdominal
wall (Fig. 9.35). Continued experience with
ultrasound guidance has popularized this tech-
nique. Its potential benefits over thoracic epidural
blockade include hemodynamic stability with
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more dense blockade, ability to ambulate, no risk
of urinary retention, thereby eliminating the need
for Foley catheter placement, and the ability to
perform neurologic examination of the lower
extremities [66].

The thoracic paravertebral space is bounded
medially by the vertebral bodies, though it main-
tains a connection to the epidural space [67].
Laterally, the paravertebral space tapers and
becomes the intercostal space. The posterior bor-
der of the thoracic paravertebral space is the supe-
rior costotransverse ligament, while the anterior
border is the parietal pleura. Interconnectivity
exists at the anteromedial border of the paraverte-
bral space, allowing spread of the injectate to
multiple levels [68].

Two methods exist for ultrasound visualiza-
tion of the thoracic paravertebral space: sagittal
and transverse. In the sagittal view, a linear probe
is placed on the midline of the selected level of
blockade. The spinous processes are identified,
specifically noted by their “mountain chain”
appearance. The probe is the moved laterally, and
utilizing tilt, the hypoechoic transverse processes
surrounding the hypoechoic paravertebral space
are visualized (Fig. 9.36). Some have likened this
image to “Mickey Mouse ears.” Of note, the para-
vertebral space is superiorly bordered by the cos-
totransverse ligament in this view, which appears

Parietal pleura
Interpleural space
Visceral pleura

—Leftlung

Subendothoracic Extrapleural
compartment compartment

Fig.9.35 The thoracic paravertebral space (red dashed line)
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Fig.9.36 The sagittal view of the thoracic paravertebral
space. The transverse processes (TP) about the hypoechoic
paravertebral space (PVT) superiorly bordered by the cos-
totransverse ligament (CTL). Injection of the paraverte-
bral space will lead to a round increasing size of the
paravertebral space and a depression of the hyperechoic
pleura below

as a more hyperechoic but heterogenous layer.
The paravertebral space will be a hypoechoic lin-
ear space directly below this layer, connecting
the “Mickey Mouse ears.” Of note, the parietal
pleura is also seen here as a hyperechoic linear
and dynamic structure moving with respiration.
To inject the paravertebral space in the sagittal
view, the patient is placed either lateral or prone.
A linear probe is selected, with typical frequency
ranging from 8 to 12 MHz. After sterile prepara-
tion of the skin and probe, the probe is placed as
above. Once the paravertebral space is identified,
the needle is passed in an in-plane fashion
between the acoustic images of the transverse
processes to the hypoechoic paravertebral space.
Often, a distinct pop is felt when the needle
passes through the costotransverse ligament. It is
prudent to intermittently hydrodissect as the nee-
dle is advanced to avoid entry into the pleural
cavity. Once the paravertebral space is entered
with the needle, injection will increase the area of
the hypoechoic paravertebral space, also depress-
ing the hyperechoic parietal pleura. If difficulty is
encountered guiding the needle to the
paravertebral space, one can perform the “off-
sides” maneuver of Abdallah and Brull, in which
the paravertebral space is placed “off-sides” to
the lateral side of the ultrasound screen allowing
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for a steeper angle of the needle to reach the para-
vertebral space. This cephalad or caudad transla-
tional movement of the linear transducer slows
the needle to clear the transverse process and per-
mits easier access to the paravertebral space [69].

The transverse view technique for thoracic
paravertebral blockade utilizes the same anat-
omy, but only focuses on one transverse process
at a time. To obtain an image of the thoracic
paravertebral space, the probe is initially placed
midline to view the spinous process, which
appears similar to a mountain peak (Fig. 9.37).
The probe is the slid laterally to view the trans-
verse process (Fig. 9.38). Beneath the transverse

Fig. 9.37 The transverse view of the thoracic vertebrae.
Note the hypoechoic “mountain peak” signature of the
spinous process (SP)

Fig. 9.38 The transverse approach to the thoracic para-
vertebral block. The hypoechoic transverse process (TP)
is bordered laterally by the paravertebral space (PVS).
Note the hyperechoic pleura (P) and superiorly bordering
costotransverse ligament (CTL)
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process lies the wedge shaped, hypoechoic para-
vertebral space overlying the hyperechoic and
dynamic parietal pleura. Inserting a needle in-
plane from the lateral side, the needle is
advanced to the paravertebral space with
hydrodissection to avoid intrapleural injection.
As in the sagittal technique, injection into the
paravertebral space will result in depression of
the parietal pleura [68].

Peripheral Nerve Blockade
in Children

Peripheral nerve blockade in the pediatric setting
has undergone a slower evolution when com-
pared with the adult world. Before the develop-
ment of ultrasound-guided peripheral nerve
blockade techniques, significant challenges in
pediatric patients included the difficulty in target-
ing nerve structures that course dangerously
closely to other critical structures, the constant
risk of local anesthetic toxicity with smaller chil-
dren and higher volume blocks, and the concern
of nerve injury when performing a nerve block
on a heavily sedated or completely anesthetized
patient [70]. The development of ultrasound-
guided techniques and subsequent large-scale
evaluation of outcomes have led to both increased
numbers of peripheral nerve blocks performed in
children and clinical data proving efficacy and
safety [1, 3]. Performing peripheral nerve blocks
with ultrasound on anesthetized children is now
generally well accepted and has led to an increase
in practice [71].

The pediatric patient offers several advantages
over the adult patient in relation to ultrasonogra-
phy. Typically, the child has less adipose tissue
and has smaller structures, which allows the
operator to utilize higher frequencies and improve
resolution and image quality of blocks that are
often difficult in adults. Secondly peripheral
nerve blocks in a heavily sedated or anesthetized
child have been shown to be safe, which provides
the operator with an immobile patient [26, 72]. A
disadvantage encountered when performing
ultrasound-guided regional nerve blocks on chil-
dren is related mainly to size. In this setting,

smaller, more specific equipment may be needed,
including “hockey stick” probes with higher
available frequencies and short block needles.
Additionally, there is often limited application
space for ultrasound probe placement on the skin
in small children.

Performing nerve blocks provides an excellent
analgesic alternative to systemic pain medica-
tion. Considering the fragile nature of infants and
children, peripheral nerve blockade can provide a
safe, long-lasting analgesic devoid of the risk of
respiratory depression and hemodynamic insta-
bility. Current trends support this claim, as the
gap between neuraxial blockade, once the most
commonly practiced regional anesthetic option,
and peripheral nerve blockade in pediatric
patients narrows [1, 3].

Systemic local anesthetic toxicity has always
been a concern when placing regional blocks in
infants and children. Ultrasound guidance has
been shown to reduce the volume of local anes-
thetic needed for block success, thereby signifi-
cantly reducing this risk to an acceptable level
[3,73].

Clinical Pearls
Interscalene Block

e The trunks of the plexus lie lateral to the easily
identifiable sternocleidomastoid (SCM). The
tapered tip of the SCM lies directly above and
medial to the anterior scalene muscle.

e It is easy to mistake the lateral border of the
SCM for the brachial plexus. This can be
avoided by identification of the anterior sca-
lene muscle.

e The anterior scalene muscle can be small as
the probe is moved rostrally. It may be benefi-
cial to move the probe caudally in order to
identify it.

e If the brachial plexus is not visualized in the
interscalene position, gently roll the probe
down to the supraclavicular position, and then
trace the plexus back to the interscalene
position.
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Supraclavicular Nerve Block

e The plexus at this level appears as a “bunch of
grapes” as opposed to the more linear, “snow-
man” appearance in the interscalene block.

e The probe should be tilted to transect the bra-
chial plexus at this level.

e It is often easy to mistake the fascia envelop-
ing the sternocleidomastoid for the brachial
plexus. It is important, here, to visualize the
SCM, the anterior scalene, and the middle sca-
lene to correctly identify the brachial plexus
lying between the anterior and middle
scalene.

Infraclavicular Nerve Block

e This is a deeper block; therefore, a curvilinear
probe with lower frequencies may be neces-
sary to penetrate tissue.

e If there is difficulty in locating the brachial
plexus in the infraclavicular fossa, it is often
helpful to identify the brachial plexus in the
supraclavicular fossa and then mark on the
skin where the plexus is located there. This
surface landmark can now serve as the medial
border of the area to scan in the infraclavicular
fossa.

* In children, it may be difficult to pass a needle
at a correct angle in between the probe and the
clavicle, particularly with larger probes. If this
is the case, it is acceptable to use an in-plane
needle placement from the inferior edge of the
probe. A hockey stick probe is often
beneficial.

Femoral Nerve Block

* The optimal block location is proximal to the
femoral artery bifurcation.

e Pressure on the transducer is often useful in
obtaining the image of the femoral artery.

e The point of injection must always be below
the fascia lata.

e A small amount of rostral tilt may improve the
image.

Sciatic Nerve Block

e Lower-frequency probes may be useful when
the block is performed more proximally.

*  When introducing the needle from the lateral
thigh, first measure the depth of the nerve
itself, and then use that distance from the
probe as the insertion site on the lateral thigh.

e Probe tilting may improve the image as you
are “transecting” the nerve at different points
of the thigh.

e The bifurcation of the sciatic nerve into the
tibial and peroneal nerves should be visual-
ized first during the popliteal fossa block
(Fig. 9.25). The nerve should be traced back
and blocked proximal to this bifurcation, or
the common peroneal and tibial nerves should
be blocked with separate injections.

llioinguinal-lliohypogastric Nerve
Block

e It is often useful to “roll off” the iliac crest in
order to situate the probe in its proper
alignment.

e Useful landmarks may include the thick ilia-
cus muscles which lie below the transverse
abdominis muscles.

e The nerves may appear similar to vasculature.
Doppler interrogation may be used to deter-
mine whether it is a vascular or nervous
structure.

Transverse Abdominis Plane Block

e The TAP block provides analgesia for abdom-
inal wall and peritoneal pain. Supplementation
with NSAIDs and opiates should be added for
visceral pain.

e Higher-frequency probes will improve the
resolution of the image to the superficial
nature.

e The TAP block should be performed as lateral
as possible on the abdominal wall, specifically
where the latissimus dorsi muscle begins to
obscure the three muscle layers.
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The rectus abdominis muscle can serve as an
excellent landmark medially because this is
where the three muscle layers become
evident.

Rectus Sheath Block

The rectus sheath is easily visualized in the
midline.

A lateral approach may be easier as it allows
the operator to avoid the thick rectus muscle.

Review Questions

1.

Axial resolution refers to:

(a) The ability to distinguish two points side
by side

(b) The ability to distinguish two points in the
same line of axis

(c) The ability to minimize background noise

(d) The optimal depth in order to visualize a
structure

2. The interscalene block aims to inject the bra-

chial plexus between:

(a) The sternocleidomastoid and the first rib

(b) The omohyoid muscle and the
sternocleidomastoid

(c) The anterior and middle scalene muscles

(d) The pectoralis minor and axillary artery

. When placing an ultrasound-guided supra-

clavicular nerve block, the pulsating artery
found at the inferior portion of the target area
is the:

(a) Subclavian artery

(b) External carotid artery

(c) Internal carotid artery

(d) Vertebral artery

. After placing an axillary nerve block, the

patient has sensory sparing of the medial
upper arm. The nerve responsible for
this is:

(a) The radial nerve

(b) The ulnar nerve

(¢) The median nerve

(d) The musculocutaneous nerve

5. The femoral nerve is bounded medially by

the femoral artery, inferiorly by the iliacus
muscle, and superiorly by the hyperechoic:
(a) Iliopectineal ligament

(b) Fascia lata

(¢) Femoral nerve

(d) Psoas muscle

. After performing a popliteal fossa sciatic

nerve block for an ankle procedure, the

patient is experiencing pain on the dorsum of

the foot. A likely scenario of failure is:

(a) The femoral nerve has been mistakenly
blocked.

(b) The saphenous nerve was not adequately
anesthetized.

(c) There is typically sparing of anesthesia
in this location.

(d) The block occurred distal to the bifurca-
tion of the sciatic, only including the
tibial nerve.

. The “trackback” technique involves locating

the saphenous nerve related to its branching
from the:

(a) Femoral nerve

(b) Sural nerve

(c) Sciatic nerve

(d) Obturator nerve

. The ilioinguinal and iliohypogastric nerves

are blocked as they course between the:

(a) Transverse abdominis muscle and the
parietal peritoneum

(b) External and internal oblique muscles

(c) Internal oblique and transverse abdomi-
nis muscles

(d) Iliacus and
muscles

transverse  abdominis

. When utilizing a TAP block for a laparo-

scopic appendectomy, the following is false:

(a) Parenteral opiates or NSAIDs are useful
for the treatment of uncovered visceral
pain.

(b) The anterior abdominal wall is anesthe-
tized by the TAP block.

(c) The anterior parietal peritoneum is
blocked by the TAP block.

(d) The TAP block should cover compo-
nents of visceral pain.
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10.

11.

12.

13.

14.

When injecting a local anesthetic solution

during ultrasound-guided peripheral nerve

block placement, you notice large hyper-

echoic artifacts filling the target area. The

likely problem is:

(a) Vascular perforation

(b) Air has been injected through the needle

(c) Intraneural injection

(d) Vasospasm

While performing a TAP block, injection

reveals a round, circular spread of injectate

in an area presumed to lie between the trans-

verse abdominis and internal oblique mus-

cles. The block fails. The likely problem is:

(a) This was an intramuscular injection.

(b) This was an intravascular injection.

(¢) The nerve was missed.

(d) The volume of local anesthetic was
insufficient.

While performing an interscalene nerve

block, the image appears as bright, causing

difficulty in identifying neural structures. An

appropriate control to manipulate would be:

(a) The depth

(b) The frequency

(c) The gain

(d) The focus position

While placing a femoral nerve block, diffi-

culty is encountered in identifying the needle

placement. Injection of a small amount of

local anesthetic results in a widening of the

femoral nerve image. A likely scenario is:

(a) Intraneural injection

(b) Correct placement

(c) Intravascular injection

(d) Air injection

While placing a femoral nerve block, you

notice an asymmetric, expanding hypoechoic

element next to the nerve and artery. This is

likely:

(a) Extravasation of a small amount of local
anesthetic from the needle

(b) Separation of the fascial plains

(c) Mild damage to and extravasation of the
lymphatic system

(d) Formation of a hematoma from the fem-
oral artery

15. While performing an interscalene block, it is

difficult to obtain an acceptable image of the
axillary artery and brachial plexus due to the
depth of the structures. The following would
be appropriate manipulations of the ultra-
sound machines EXCEPT:

(a) Decreasing frequency

(b) Increasing frequency

(c) Manipulating the TGC

(d) Increasing depth

Answers:

. b—Axial resolution refers to the ability to

distinguish two points in the same line of
axis. Higher-frequency beams improve axial
resolution at the cost of poorer depth pene-
tration and visualization.

. d—The interscalene block aims to inject the

brachial plexus at the level of the trunks,
which usually exists at C6. Here, the trunks
lie between the anterior and middle scalene,
though the anterior scalene may appear
small.

. a—The brachial plexus follows a similar

course to the subclavian artery, which
becomes the axillary artery. As such, this is a
useful landmark in locating the brachial
plexus.

. d—The musculocutaneous nerve is fre-

quently missed in the axillary nerve block. It
can be visualized with an ultrasound and
injected separately or accessed by directly
injecting into the body of the coracobrachia-
lis muscle.

. b—The fascia lata is the superior border of

the femoral nerve sheath. It separates from
the fascia iliaca at the femoral nerve and
rejoins laterally.

. d—Blocking the sciatic nerve in the popli-

teal fossa must be performed proximal to the
bifurcation of the sciatic nerve into the tibial
and peroneal nerves.

. a—The saphenous nerve is a branch of the

femoral nerve. As such, it is often responsi-
ble for medial foot pain when only a sciatic
block is performed.
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8. c—Much like the TAP block, the ilioinguinal
and iliohypogastric nerves course between
the internal oblique muscle and the trans-
verse abdominis muscle.

9. d—While the TAP block anesthetized the
terminal branches of T8-T11, it does not
typically block visceral pain. As such, the
anterior abdominal wall and the parietal peri-
toneum will likely be covered, but visceral
pain must be addressed with either parenteral
medicines  or  additional = neuraxial
anesthetics.

10. b—As air is hyperechoic, even small
amounts can significantly worsen imaging
when injected. Therefore, it is essential to
always flush needles before ultrasound-
guided peripheral nerve blockade.

11. a—The TAP block relies on anesthetic depo-
sition between two fascial layers. As such,
the injectate should appear as an elliptical
spread of hypoechoic fluid. Round-appearing
injectate is frequently indicative of intramus-
cular injection.

c—Gain refers to the amplification of

received signals. As such, too much gain

leads to an amplification of background
noise and, in this case, should be lowered.

13. a—Widening of the nerve image is often

indicative of intraneural injection, which has

been associated with nerve injury.
d—Inadvertent vascular puncture is often
seen as a hypoechoic expansion of the peri-
vascular space.

15. b—By decreasing frequency and depth,
deeper structures are better imaged. TGC
may help optimize the gain on attenuated
deeper structures.

12.

14.
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Introduction

Prior to the beginning of the discussion on
localization of peripheral nerves, one must con-
sider the location and circumstances under which
one is performing these peripheral nerve blocks. It
is imperative to ensure the presence of standard
monitoring equipment (EKG, blood pressure,
pulse oxygenation), wall oxygen, emergency med-
ications (e.g., phenylephrine, ephedrine, epineph-
rine), resuscitation equipment (bag valve mask,
laryngoscopes, and endotracheal tubes), and intra-
lipid rescue prior to performance of a nerve block.

Identifying nerve location begins by identify-
ing standard anatomical landmarks, which are
used as a basis for subsequent invasive needle
exploration. The successful endpoint used may
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be anatomical (transarterial axillary block), ultra-
sonographic (real-time imaging), or functional [a
sensory paresthesia or a motor response to elec-
trical nerve stimulation (NS)].

In the 1960s, electrical nerve stimulation tech-
niques were developed. Even more recently,
small, battery-operated, portable handheld
devices have been introduced [1-3]. The theory
behind the use of the nerve stimulator is that an
identifiable specific muscle twitch can be
observed by nerve stimulation during needle
advancement to provide a reference for the appro-
priate distance of the needle to the nerve. The
technique is further described below. After its
invention, this technique enjoyed widespread
use, with a proven clinical efficacy and safety
record. Electrical stimulus of the nerve is based
on factors such as conductive area of the elec-
trode, resistance to electrical stimulation, dis-
tance between skin and nerve, current flow, and
pulse duration (Fig. 10.1) [4].

Although ultrasound had previously been
applied in other areas of clinical practice, after the
advent of the peripheral nerve stimulator, the use
of ultrasound to locate both peripheral nerves and
their surrounding structures became progressively
more widespread in the world of regional anesthe-
sia. This allows the user to have concrete visual
feedback to avoid damage to surrounding struc-
tures, including nerves and vasculature, while
locating the needle tip at all times. It also allows
visualization of the spread of local anesthetic [5].
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Fig. 10.1 Nerve stimulator, with stimulating needle/
ground lead, attached to a simulated model

Peripheral Nerve Stimulation

A nerve stimulator works by applying a weak,
direct current (DC) electrical current to a stimu-
lating needle by an oscillating current generator.
Assuming that a square pulse of current is used to
stimulate the nerve, the total energy (charge)
applied to the nerve is the product of the current
intensity and the pulse duration. Ohm’s law
(V =IR) assists us in calculating the current gen-
erated by the stimulator [6]:

Voltage output/impedance = current
output (Ohm’ law)

or

V/R=1.

Technique

The nerve stimulator is first connected to a stimu-
lating needle. A current is passed through the
needle at an amplitude/intensity of 1-2 mA, a
frequency (f) of 1-2 Hz, and a pulse duration of
0.1-0.2 ms. The needle is then inserted through
the skin and slowly advanced toward the expected
anatomical location of the targeted nerve. In each
anatomical location, an expected twitch will be
observed based on targeting specific nerves to be
stimulated. When the desired motor response is
elicited, the current intensity is gradually
decreased until it is abolished. If the motor con-

traction is abolished at a relatively higher inten-
sity (>0.6 mA), the needle should be advanced
until a further motor response is elicited. This
process should be repeated until the motor
response disappears at approximately
0.4 mA. This indicates that the needle tip is in
close enough proximity to the nerve (1-2 mm) to
inject the desired local anesthetic. If a muscle
twitch is generated at a current strength of less
than 0.4 mA, the stimulating needle may have
penetrated the epineurium, thus risking a subse-
quent intraneural injection. It is therefore impor-
tant to ensure that the muscle twitch disappears at
or higher than a current of 0.4-0.5 mA.

As a side note, it is possible for a current to be
generated through a muscle leading to direct gen-
eralized muscle stimulation; this should not be
confused with a neural stimulation as an intra-
muscular injection likely would not provide an
accurate nerve block.

In practice, the PNS should not be used as a
substitute for proper knowledge of anatomy, as
no motor response will occur if the needle tip is
greater than 1 cm from the targeted nerve. PNS
should be used to refine the search endpoint,
guiding the needle through the final 5 mm or so.

Another limitation of the PNS technique is
that PNS is limited in application to mixed
peripheral nerves because a motor response end-
point is desired. Although pure sensory nerves
may be stimulated, ultimately obtaining a sen-
sory paresthesia, this is not commonly performed
clinically.

Electrophysiology
Energy

The amount of electrical energy required to prop-
agate a nerve impulse is the product of the stimu-
lus strength (mA) and current duration (ms). For
any nerve type, there is a minimum current
strength required in order to generate an
impulse—this is referred to as the rheobase.
Below this minimum level, an impulse will not
be generated. The chronaxie is defined as the
stimulus duration needed for impulse generation,
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when employing a current strength of twice the
rheobase.

Myelinated fibers are much more sensitive and
require less electrical energy for stimulation than
unmyelinated fibers. Therefore, if less electrical
energy is required to propagate a motor nerve
impulse, this means that either the stimulus
strength required may be lower than that for a sen-
sory nerve or the current duration may be lower
than that required for a sensory nerve (lower rheo-
base or shorter chronaxie). The clinical relevance
of this concept and application to peripheral nerve
stimulator use is that the goal of nerve stimulation
is to stimulate muscular contractions while avoid-
ing painful sensory nerve stimulation. Since the
chronaxie of A alpha fibers is 50-100 ps while A
delta fibers require 170 ps and C fibers require
400 ps, it would be wise to use shorter impulse
durations (<0.17 ms) in order to attempt to stimu-
late only the A alpha fibers. Alternatively, one
may use a weaker stimulus strength with a longer
pulse duration (e.g., >0.5 mA) to elicit the same
motor response. If either current intensity or pulse
duration becomes too high, uncomfortable pares-
thesia-like sensations often occur.

Polarity

A nerve impulse is propagated when a threshold
potential is reached, causing depolarization of the
nerve. Typically, the nerve has a resting potential
of around —60 mV, with negative charges inside
the cell and positive charges on the outer mem-
brane. To cause a decrease in the potential differ-
ence between the inside and outside of the cell, a
negative charge should be introduced outside the
cell. Therefore, less electrical energy would be
required if the negatively charged cathode is
close to the nerve, inducing direct depolarization.
The reverse is true with an anodal (positive) nee-
dle since the direction of flow would induce
hyperpolarization of the target nerve. This, in
turn, requires a higher current to stimulate the
nerve. For these reasons, the needle polarity is
designated negative by default. The site of place-
ment of the positive (return) electrode, however,
is probably irrelevant, as long as quality ground-

ing electrodes are used and good electrical con-
tact is made.

Distance

The relationship between the constant current
stimulus intensity and the distance from the nerve
is governed by Coulomb’s law:

(3)
r

where 7 is the stimulus intensity, K is a constant,
Q is the minimal current needed for stimulation,
and r is the distance from the stimulus to the
nerve.

Rearranging this formula, we get:

r_90

K 7
and

I,

—r - =0.

Fa 0

. I .
Since — is a constant:
K

I ~0.

This means that as distance from the nerve
increases, the charge required to stimulate the
nerve increases by the square of the increased
distance, requiring a very high current intensity
as the needle moves further away from the nerve.

Stimulus Frequency

As the needle is advanced, a muscle twitch by
the stimulating current indicates that the nee-
dle is approaching the target nerve. If the fre-
quency of impulses is too low, the nerve may
be inadvertently penetrated. If the frequency is
too high, painful muscle twitches (tetany) may
be induced. A frequency of 2 Hz (cycles/s) is a
good compromise as well as a suggested nee-
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dle advancement
1 mm/s [12].

speed of approximately

Summary

A peripheral nerve stimulator should provide as a
minimum:

1. A square wave impulse with a duration of
0.1 ms.

2. The negative lead connected to the stimulating
needle.

3. 2 Hz frequency.

4. Initial current level of 1-2 mA, seeking the
nerve.

5. A final current level of 0.4-0.6 mA, position-
ing the needle tip close to the nerve.

6. Current delivery down to 0.1-0.2 mA, to
ensure no intraneural stimulation.

Additional safety features include:

1. Accurate current delivery in the range of
0-5.0 mA.

2. Constant current square wave pulse.

. Display of current flowing into the patient as
well as that delivered internally from the
device.

. Open circuit alarm.

. Excessive impedance alarm.

. Low battery alarm.

. Internal malfunction alarm [6].

IS

~N O LD B~

New Developments in Nerve
Stimulation

Percutaneous Electrode Guidance

The percutaneous electrode guidance (PEG) tech-
nique is a modification of transcutaneous NS: a
percutaneous nerve electrode coupled to a nerve
stimulator can be used to locate an underlying
nerve by passing the superficial electrode over
standard anatomic landmarks. Cutaneous stimula-
tion of the underlying nerve occurs at nerve stim-
ulator settings between 2 and 10 mA, with a

0.1-ms pulse duration (alternatively, 0-5 mA,
pulse duration 0.2—-1.0 ms). Cutaneous stimula-
tion benefits from a longer pulse duration (0.2—
1.0 ms), which enables an electrical motor
response at a lower current. Since much of the
initial stimulation is done by the probe, which
indents the skin toward the nerve, the stimulating
needle tip (inserted from within the outer PEG
cannula) travels only a short distance in order to
finally contact the nerve. Skin indentation during
the performance of the PEG technique allows for
a decrease in impedance as well as a maximal
increase in electrical conductance. Thus, PEG has
the net effect of eliciting a motor response with
minimal discomfort to the patient [6, 13, 14].

Sequential Electrical Nerve
Stimulation

Presently, current amplitude (amperage) is con-
tinuously varied, deliberately maintaining a con-
stant frequency and pulse duration (one degree of
freedom). Therefore, only one constant fixed
pulse duration has been used (e.g., 0.1 or 0.2 ms).
Some newer nerve stimulators allow the pulse
duration to be preset at different fixed pulse
widths (e.g., 0.05, 0.1, 0.3, 0.5, or 1.0 ms).
However, this pulse duration cannot be easily
varied during the actual block performance.
Urmey and Grossi [15] evaluated a novel tech-
nique for nerve localization utilizing an electrical
nerve stimulator programmed to deliver
sequenced electrical nerve stimuli (SENS). The
nerve stimulator generated alternating sequential
electrical pulses of differing pulse durations at an
overall set frequency of 3 Hz (3 cycles/s).
Repeating pulse duration sequences of 0.1, 0.3,
and 1.0 ms (shortest to longest) were generated,
with 1/3-s period intervals separating each pulse.

Selective attenuation of the applied current
resulted in the three pulses having more equiva-
lent charges. In each case, the needle was
advanced at an initial current amplitude of 1 mA
until appropriate motor responses (MR) occurred.
If 1 MR/s or 2 MR/s were noted, the needle was
continually advanced until all 3 MR/s were
visible. Current was then decreased until MR/s
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decreased to 1 or 2. At this point, the needle was
again advanced slowly. When 3 MRs occurred at
<0.5 mA, indicating that the 0.1-ms pulse was
stimulating the nerve, final needle position was
held constant. Prior to final injection, current was
then slowly decreased with the needle held
immobile.

Conventionally, increasing the current flow
has been the only parameter used to increase
stimulation range since it directly enables stimu-
lation at a greater distance from the nerve.
Additionally, with SENS, pulse durations of 0.3—
1.0 ms were used almost simultaneously to
increase the range, in distance, of successful
stimulation at a given current amplitude.
Therefore, higher pulse durations increase sensi-
tivity for successful NS with the stimulator nee-
dle at a distance, whereas specificity is then
enhanced by decreasing the pulse duration down
to the standard 0.1 ms. By employing sequential
long and short pulses, successful neurostimula-
tion was able to occur at a much greater needle to
nerve distance. Prior to SENS, these elicited
motor responses did not occur with the standard
0.1-ms pulses. Thus, the near simultaneous vari-
ance of two separate parameters (applied current
together with pulse width duration) enhanced
successful PNS of the targeted motor nerve [6].

Ultrasound

As mentioned above, the use of ultrasound to
locate peripheral nerves and their surrounding
structures has become progressively more wide-
spread in regional anesthetic practices. Ultrasound
allows the operator to visualize their target nerve
while seeing their needle tip in real time. It also
allows the visualization of local anesthetic spread
around the target nerve and allows us to avoid
undesirable structures (i.e., intravascular or intra-
neural injections) [7]. Many of these benefits may
not be provided by the anatomic and nerve stimu-
lator-guided techniques of peripheral nerve block
insertion. One study showed that in an appropri-
ately imaged supraclavicular nerve block, a
peripheral nerve stimulator adds no benefit [8].
This study demonstrated that ultrasound guidance

may serve as a substitute for peripheral nerve
stimulation (in patients with normal anatomy).
Another study showed that for sciatic nerve block,
ultrasound guidance resulted in higher success, a
faster block onset, and faster progression of sen-
sorimotor block while not increasing nerve block
performance time or complications as compared
to peripheral nerve stimulator-guided procedure
[9]. According to the American Society of
Regional Anesthesia and Pain Medicine, ultra-
sound guidance has improved the incidence of
pneumothorax and local anesthetic systemic tox-
icity and the incidence and intensity of hemidia-
phragmatic paralysis (unpredictable manner), but
has no significant effect on the incidence of post-
operative neurological symptoms [10]. While
these benefits have been affirmed, one must
always take into account the technical capabilities
of both the ultrasound machine and the operator
[11]. As ultrasonography is discussed elsewhere
in this textbook, for a more in-depth discussion on
ultrasound’s involvement with regional anesthe-
sia, please see Chap. 9.

Positioning

As with any aspect of clinical care, the position-
ing of the patient can decide the success or failure
of the procedure at hand. Optimization of anat-
omy is essential to the success of any nerve block
no matter what adjuvant techniques are available.
This becomes even more important when taking
into consideration patients of a different body
habitus than average.

In some cases, pillows, towels, or a second
practitioner may be used to assist in positioning a
patient (supine, lateral, prone, sitting, etc.). In
addition, specific positioning devices that assist
practitioners when performing blocks are also
available. One example includes a device which
can maintain an elevated extremity; for example,
a supine patient with a planned popliteal nerve
block can be maintained with less need for coun-
terpressure along the leg for visualization of the
nerve. A table which can allow for adjustable
height also can help the practitioner raise the leg
instead of using stacks of blankets or pillows.
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These examples allow the patient to remain
supine while properly propping the lower
extremity in position for the peripheral nerve
block. This also allows access to the airway in the
setting of sedation, allows for efficient nerve
blocks, and requires no additional space, as it is
placed directly on the patient’s bed.

Regional Anesthesia Equipment
Tray

When performing a regional anesthetic proce-
dure, pre-made kits with needed supplies can be
useful to perform the block. Not only does this
provide organization and efficiency while per-
forming the block but can also be added as a
separate billable charge bundle, as the equipment
used is not part of the typical general anesthetic
protocol, leading to possible revenue [16].
Depending on the institution, regional anesthetic
equipment kits can include, but are not limited to,
nasal cannulae, EKG electrodes, pulse oximeter,
needles, syringes, stopcock, sterile gloves, mid-
azolam and fentanyl for sedation, and insulated
nerve block needles. When placing a continuous
nerve block catheter, the kit may be expanded to
include a nerve block catheter, sterile drapes,
sterile dressing, and a local anesthetic infusion
device. Kits can also be custom-made to address
the needs of the particular clinical setting and
expected procedures to be performed.

Skin Preparation

Infection is a rare complication associated with
regional anesthetic procedures but is a concern
nonetheless. The concern has grown greater with
the growing popularity of perineural catheters, as
these can be indwelling devices. Two common
antiseptics used to prepare the skin for the proce-
dure are povidone-iodine and chlorhexidine.
While both may kill organisms on the skin and
some meta-analyses show similar results, there is
a wealth of literature supporting the use of
chlorhexidine over povidone-iodine.
Chlorhexidine was demonstrated to have more

rapid of onset and more efficacy at antisepsis
with longer duration when being used for epi-
dural or even central venous catheter or arterial
line placement [17-21]. While this may be true
and despite the increased effectiveness of
chlorhexidine (chlorhexidine is bactericidal in
nature) over povidone-iodine, chlorhexidine is
not FDA approved for use during perineural
administration due to concerns for neurotoxicity.
There have been several case reports of chronic
adhesive arachnoiditis associated with both epi-
durally and spinally injected chlorhexidine [22].
This concern may be secondary to the chlorhexi-
dine itself or to the primary ingredient in the
chlorhexidine skin preparation (alcohol) [23].
Alcohol has long been known to be used for neu-
rolytic blocks and thus may be the cause of neu-
rotoxicity, though it is unclear.

Ultrasound Transducer Covers

For single-shot and continuous peripheral nerve
blocks in practice of the authors, the ultrasound
transducer is typically covered in a clear, plastic,
sterile sheath. This allows the practitioner to visu-
alize ultrasound gel properly covering the trans-
ducer, permitting the ultrasound machine to have
proper coupling between sound waves and tissue.
In some practices, the ultrasound transducer is
covered with a transparent film dressing only. The
advantage to using the longer probe sheath is that
the procedure is performed with higher sterility.
The disadvantages, as identified by Tsui et al.,
consist of increased cost and the possibility of air
tracking between the transducer and the inside of
the sheath, producing a poorer image quality [24].

Injection Pressure Monitoring [25]

Another method that has been developed in order
to improve safety and help avoid intraneural
injection has been to monitor the injection pres-
sure during perineural local anesthetic injection.
One study performed in canines indicated that
high injection pressures may indicate intraneural
needle placement, leading to neurologic injury
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and deficits. It also found that injecting intrafas-
cicularly with a pressure monitor required pres-
sures >25 psi due to the low compliance of
injecting into perineurium [26]. There are multi-
ple techniques to monitor injection pressures.
The compressed-air technique is when one draws
up 10 mL of air with 10 mL of saline. If one holds
the syringe upright and only compresses the air to
half of its original volume when injecting, the
practitioner cannot exceed 15 psi of pressure
[27]. Another option that has been used is a dis-
posable manometer. Placed between the syringe
and tubing, the manometer can measure pressure
directly from the syringe into the spring-loaded
manometer of pressures <15, 15-20, or >20 psi.

All of the above being true, the cost of extra
devices can be high, the compressed-air tech-
nique can be time-consuming to set up, and the
risk of nerve injury is quite low; therefore, it is
not commonplace to monitor injection pressures
in all practices. In addition, it is a common belief
that intraneural injection can be avoided by the
sensation of resistance during injection and that
smaller volume syringes enable the clinician to
better feel this resistance, but in a recent animal
study, the conclusion was that syringe feel was no
better than chance at detecting intraneural injec-
tion when using a 20 mL syringe [28].

Needles

There are several different needles employed
during regional anesthetic procedures. Each nee-
dle provides different advantages.

Stimulating Needles

Stimulating needles, also known as insulated
needles, have a protective nonconducting sheath
over the shaft of the needle, with the exception of
the tip. By applying an electrical current to the
needle using a nerve stimulator, it is possible to
stimulate a nerve as the tip of the needle comes in
proximity of the nerve.

When comparing nerve blocks using a nerve
stimulator with stimulating needles versus ultra-

sound alone, studies have demonstrated quicker
onset of sensory and motor blockade and longer
duration with US guidance compared to periph-
eral nerve stimulation alone [29, 30].

Echogenic Block Needles

As there is an increasing prevalence in the use of
ultrasound to guide the placement of peripheral
nerve blocks and catheters, the development of an
echogenic block needle was a logical next step.
The primary purpose of these needles is to better
visualize the needle tip during particularly diffi-
cult nerve block procedures, such as those requir-
ing steeper insertion angles, though they may be
used to improve visualization in novice anesthesi-
ologists for blocks with shallow angles as well.
Many of these needles exist in various forms and
with different names (textured, reflector, corner-
stone/corner cube reflector [CCR]). Textured
reflecting surfaces are typically placed at the tip of
the needles, which allow ultrasonic waves to
reflect back to the ultrasound probe at any inser-
tion angle. This technology is similar to bicycle
reflectors [31]. Kamada et al. used gel phantoms
to compare CCR needles with standard block nee-
dles and showed that a lower optical density (bet-
ter echogenicity) and a better luminance occurred
with the CCR needles than with standard block
needles at an insertion angle of 30° [32]. Kilicaslan
et al. used beef phantom models to demonstrate
that inexperienced users of block needles were
able to complete a block procedure more quickly
with better visibility of the needle tip at insertion
angles between 42 and 64° [33]. Finally, Brookes
et al. demonstrated in vivo that patients receiving
proximal sciatic nerve blocks for total knee
arthroplasties had shorter procedure times, fewer
needle redirections, and decreased patient dis-
comfort with an echogenic needle versus a plain
stimulating needle [34].

Needle Gauge

In general, a 21-22 G needle is used to place
single-shot nerve blocks. Needles with smaller
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gauge improve patient comfort while placing the
block; however, they are more difficult to inject
through. These needles are usually used for local
infiltration at the skin.

Larger bore needles can be useful when
placing catheters. A 17-18 G Tuohy needle is
commonly used to place perineural catheters as a
larger needle is needed in order for a catheter to
be able to pass through a port site.

Needle Bevel

There have been several studies concerning
mechanical trauma in regard to the needle bevel.
Short-beveled and <45° needles may have less
incidence of nerve trauma: however, when nerve
injury does occur, it may be more severe com-
pared to long-beveled needles, >45° [35-38].

Catheters

Recently, perineural catheters have become pop-
ular to provide anesthesia and analgesia for surgi-
cal cases, especially orthopedic and vascular
procedures. Brachial plexus catheters have been
shown to have favorable outcomes [39].
Interscalene catheters have been shown to
decrease pain and opioid usage after shoulder
surgery [40]. Sciatic nerve catheters in both the
popliteal fossa and the subgluteal crease improve
analgesia in the postoperative period following
foot surgery [41]. Finally, adductor canal cathe-
ters have also been used successfully with dilute
local anesthetics to improve pain control follow-
ing total knee replacement while minimizing the
motor blockade associated with continuous fem-
oral nerve blockade [42].

Infusion catheters have been useful for con-
tinuous infusion of perineural local anesthetic.
Catheters usually come in a 19-22 G size.
Smaller gauge catheters may increase resistance
to infusing medication through. They also may
be more difficult to thread and more likely
to kink.

The catheters themselves have been con-
structed with several different properties and

varieties. They can be single port or multiorifice.
Single-port catheters have their opening at the
distal tip of the catheter. With single-port cathe-
ters, test injectate is all expelled from the single
orifice, allowing for a more reliable test dose to
the same area, should the orifice of the catheter
be intravascular or intrathecal. In contrast, multi-
orifice catheters may be less likely to plug given
the multiple openings and may be more reliable
for detection of intrathecal or intravascular place-
ment via aspiration.

Newer catheters may be made of different
materials, leading to differences in stiffness and
flexibility. Metal reinforced catheters may be dif-
ficult to kink; however, they are not MRI compat-
ible and should be noted when placed. In addition,
those catheters known to be more stiff may have
a greater likelihood to puncture a structure, such
as a vessel.

In addition, stimulating catheters that are able
to conduct an electrical current have been used.
By applying an electrical current along the cath-
eter and finding a subsequent muscle twitch
along the expected nerve distribution, the cathe-
ter is theoretically in closer proximity to that
nerve. Data comparing stimulating catheters to
nonstimulating catheters has been conflicting.
While some studies have demonstrated that stim-
ulating catheters may lead to better analgesic
quality [43] and a higher success rate following
nerve block in combination with ultrasound guid-
ance [44], other studies have demonstrated a
similar quality of analgesia and increased time to
proper catheter positioning [45].

Given the prevalent use of ultrasound in
today’s regional anesthetic practices, and the
continued use of perineural catheters to prolong
patient analgesia, echogenic nerve catheters are
now an additional tool of our anesthetic prac-
tice. Data comparing stimulating catheter and
needle versus echogenic needles showed a
decrease in procedure time and patient discom-
fort with echogenic needle and catheter versus
stimulating needle and catheter, with no differ-
ence in visibility during sciatic nerve block with
a low-frequency ultrasound transducer [34]. In
addition, ultrasound has been used in unique
ways to identify the location of a perineural
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catheter. Using a catheter with a guidewire, the
removal and reinsertion of the guidewire (pump-
ing maneuver) produced a color Doppler effect
along the track of the catheter and created an
M-mode tracing to help identify its proper
placement [46].

Conclusion

As we look back upon the history of regional
anesthesia, it is clear that while peripheral
nerve blockade was previously performed
without adjuncts for nerve localization, the
complication rates were higher, and the suc-
cess rates were lower. With further technologi-
cal advances (i.e., ultrasound, peripheral nerve
stimulation, injection pressure monitors, posi-
tioning devices, echogenic needles and cathe-
ters), we are now able to perform peripheral
nerve block more safely and successfully.

Review Questions

1. Identifying nerve location can be:
(a) Anatomic
(b) Ultrasonographic
(c) Functional
(d) All of the above
2. Electrical nerve stimulation is based on:
(a) Conductive area
(b) Resistance
(c) Distance
(d) All of the above
3. A nerve stimulator:
(a) Applies a constant current impulse
(b) Charge = (I) x (pulse duration)
(c) Utilizes an oscillating current
(d) (b) and (c)
4. Nerve stimulator current:
(a) Is pulsed at 1-2 Hz (cycles/s)
(b) Starts at 10 mA
(c) Pulse duration of 0.1-0.2 ms
(d) (a) and (c)
5. Motor contractions:
(a) Occur at low current (0.2-0.5 mA)
(b) Do not occur greater than 1 cm from nee-
dle tip to nerve
(c) Start at a current of 1-2 mA

10.

11.

12.

(d) All of the above

Pure sensory nerves:
(a) May be stimulated
(b) Endpoint is a sensory paresthesia
(c) Are not commonly stimulated clinically
(d) All of the above
When using a high-intensity current (>1 mA):
(a) Motor and sensory stimulation occurs
(b) Painful C fiber activity occurs
(c) More current is required with longer dura-
tion (>0.5 mA)
(d) (a) and (b)
True statements regarding needle polarity and
grounding are:
(a) Needle is negative by default
(b) The grounding electrode should be
applied within 6 in. of the target nerve
(c) A positive needle requires a higher stimu-
lating current
(d) (a) and (c)
Ultrasound-guided regional anesthesia pro-
vides all of the following benefits except:
(a) Decreased incidence of pneumothorax
(b) Decreased incidence of local anesthetic
systemic toxicity
(c) Decreased incidence of postoperative
neurological symptoms
(d) Decreased incidence of hemidiaphrag-
matic paralysis
Chlorhexidine is more advantageous over povi-
done-iodine in regard to antisepsis because it:
(a) Is more rapid in onset
(b) More efficacious
(c) Has longer duration antimicrobial
activity
(d) All of the above
Short-beveled needles compared to long-
beveled needles:
(a) Have less incidence of nerve trauma
(b) Have less severe nerve trauma when
trauma occurs
(c) Are >45°
(d) Are more comfortable for the patient
Tuohy needles:
(a) Have an orifice at the tip in line with the
shaft of the needle
(b) Are nonstimulating needles
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(c) Traverse through tissue in a straight line

(d) Arelargerbore needles that allow advance-
ment of a catheter through its shaft

13. Single-port catheters compared to multiori-

fice catheters:

(a) Are more reliable when tested with test
injectate

(b) Are more reliable when aspirated for
return of fluid

(c) Are more likely to become obstructed by
a plug

(d) (a) and (c)

14. Stimulating catheters compared to nonstimu-

lating catheters:

(a) Are equivalent in analgesic quality

(b) Improve block success when used in
conjunction with ultrasound when plac-
ing infraclavicular blocks

(c) Are only single orifice

(d) (a)and (c)

Answers:
d

WXk W=
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11.

12.

13.

14.

15.
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in regional anesthesia. BrJ Anaesth. 2005;94(1):7-17.

. Gebhard R, Hadzic A, Urmey W. Dual guidance: a
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. Sites BD, Brull R. Ultrasound guidance in periph-
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Introduction

The administration of a local anesthetic in the
subarachnoid space acts on the spinal roots caus-
ing reversible blockage of these nerves. It is a
classic technique that has been refined over time
and expanded in its practical applications. The
development of new drugs and special tech-
niques has been crucial and has greatly influ-
enced the use of spinal anesthesia and its
indications.

Anatomy of the Spine

The spine consists of 33 vertebrae: seven cervi-
cal, 12 thoracic, five lumbar, five that are fused to
form the sacrum, and four fused to form the coc-
cyx. The spine has four curves. The thoracic and
sacral curves have concave forward curvature
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and are primary curvatures formed at birth. The
cervical and lumbar curves have forward convex
curvatures and are secondary curvatures devel-
oped after birth. When the patient is supine the
highest point is in L3 and the lowest point is in
T5 (Fig. 11.1).

The vertebrae consist of two essential parts:
an anterior solid segment or body and a poste-
rior segment or arch. The arch is divided on
each side into a pedicle attached to the body
and a lamina at the back. The spinous process
extends backward from the junction of the two
laminae. The junction of the pedicles and lami-
nae forms the transverse process, which extends
outward from each side of the arch. The pedi-
cles of each vertebral arch are notched forming
an incomplete ring, the intervertebral foramen.
The spinal nerves enter and exit through these
holes from each side of the vertebral canal
(Fig. 11.2).

The Intervertebral Discs
The intervertebral discs are a pad of fibrous carti-
lage between adjacent surfaces of the vertebral

bodies. They provide mobility and shock absorp-
tion to the spine.
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Fig.11.1 Highest and
lowest points on the
spine in the supine
position
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Fig.11.2 The vertebrae

Five Ligaments

Five ligaments connect the vertebral processes:
The supraspinous ligament connects the tips of
the spinous processes, and the interspinous liga-
ment connects the spinous processes.

The ligamentum flavum connects the laminae
of adjacent vertebrae, forms the posterior border
of epidural space at each interlinear space, and
consists of elastic fibers. It becomes progres-
sively thicker from front to back, and it is easily
recognized by the increased resistance to the pas-
sage of the needle. The other two ligaments are
the posterior longitudinal ligament and the ante-
rior longitudinal ligament.

The Epidural Space

The epidural space extends from the foramen
magnum to the sacral hiatus. It is bounded by the
posterior longitudinal ligament at the sides by the
pedicles and the intervertebral foramen and pos-

Lowest point T5

teriorly by the ligamentum flavum. It contains
nerve roots, venous plexuses, arteries, and fat.

The Spinal Cord

The spinal cord originates in the brainstem and
continues through the occipital foramen magnum
ending in the conus medullaris. This distal end
ranges from L3 in infants up to the bottom of
L1 in adults due to differences in growth between
the bony spinal canal and central nervous system.
It ends at the conus medullaris from where the
lumbar nerve, sacral and coccygeal roots emerge
to form the cauda equina (horse tail). It is in this
area (below L2) that spinal needles are inserted.

Meninges and Spaces

Meninges and spaces include the pia mater,
which is the inner most layer closely attached to
the spinal cord and brain. It ends as terminal
filam and is highly vascularized. The arachnoid
is an avascular membrane tightly attached to the
outermost layer, the dura mater. It seems that the
arachnoid acts as a major barrier to the flow of
drugs from the cerebrospinal fluid (CSF); thus, it
would be responsible for 90% of the drug resis-
tance to migration [1, 2].

The dura mater is the third and outermost
membrane of the spinal canal. It is the continua-
tion of the cranial dura mater, extending from
foramen magnum to S2 (Fig. 11.3).

The subarachnoid space lies between the pia
mater and the arachnoid. In it is found the CSF,
the spinal nerves, a network of trabeculae
between the two membranes, and blood vessels
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Fig.11.3 Spinal meninges

supplying the spinal cord. It extends from S2 to
the cerebral ventricles. The subdural space is a
virtual space between the dura and the arach-
noid that contains small amounts of serous fluid
that allows the membranes to move past each
other.

The Cerebrospinal Fluid (CSF)

The cerebrospinal fluid (CSF) is formed continu-
ously at a rate of 450 mL/day by way of the
secretion or plasma ultrafiltration from the cho-
roidal arterial plexus located in the lateral ventri-
cle and the third and fourth ventricle. The CSF is
reabsorbed into the bloodstream through the
arachnoid villi and granulations, which protrude
from the dura mater to be in contact with the
endothelium of the cerebral venous sinuses. The
CSF serves to protect the brain and spinal cord.
The CSF is a determinant of the effects of intra-
thecally administered substances because all the
drugs injected into the subarachnoid space are
diluted in the CSF before reaching their target in
the spinal cord. It has been noted that the volume
of CSF is one of the most important factors
affecting the level of sensory block and duration
of spinal anesthesia [3, 4]. The volume of CSF

varies from one individual to another and, with
the exception of weight, is not related to the
anthropometric values clinically available.

Physical Properties of CSF

e Clear, liquid, colorless

e Specific gravity: 1003—1009 at 37 °C

e Total volume: 120-150 mL

e Spinal CSF volume: 25-30 mL

e Ventricular CSF volume: 60—75 mL

e Average pressure: 100—150 cm of water
e pH:7.6

Thirty-One Pairs of Spinal Nerves

Thirty-one pairs of spinal nerves emerge from the
spinal cord by the anterior and posterior roots.
Each spinal nerve innervates a specific area of
skin or dermatome and skeletal muscles.

The Anterior Spinal Root
The anterior spinal root is efferent and contains:

1. Motor fibers (voluntary muscles).

2. Preganglionic sympathetic fibers (T1-L2)
join spinal nerves to form the sympathetic
chain. The sympathetic chain extends along
the entire column (anterolateral side of the
vertebral bodies). It gives rise to the stellate
ganglion, splanchnic nerves, and celiac
plexus. Sympathetic cardio accelerator fibers
arise from T1 to T4.

3. The fibers of the parasympathetic nervous
system travel in the anterior roots of S2-S4
and supply organs of the pelvis.

The Posterior Spinal Root

The posterior spinal root is afferent. All afferent
impulses from the body, including viscera, pass
through the posterior roots. Each has a dorsal
root ganglion.
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Physiology
Neural Blockade

The small-diameter unmyelinated (sympathetic)
fibers are blocked more easily than larger myelin-
ated fibers (sensory and motor). As a result, the
level of autonomic blockade extends two or three
segments above the sensory block, and in the same
way, the sensory block extends one to four seg-
ments above the motor block. Weaker concentra-
tions of local anesthetic can produce sensory block
without causing motor paralysis. The sequence of
the blockade of nerve fibers is generally in the fol-
lowing order: (1) vasomotor block, (2) pain, (3)
touch, (4) motor, (5) pressure, (6) proprioception.

Cardiovascular Physiology

The nerve block produces sympathectomy two to
four dermatomes above the sensory level. This
causes arterial and venous vasodilatation, the
venodilator effect being predominant because
smooth muscle in the arterial side retains a con-
siderable degree of autonomous tone. This causes
adecrease in systemic vascular resistance, venous
return, and cardiac output, all of which contribute
to lower blood pressure. Vasodilation in the lower
extremities can be compensated by vasoconstric-
tion in the upper extremities. However, with high
thoracic anesthetic levels, vasoconstriction in
upper extremities and in the splanchnic bed may
be highly reduced, and this can lead to significant
hemodynamic instability. Similarly, heart rate in
a high neuraxial block decreases by the blockade
of sympathetic cardio accelerator fibers (T1-T5),
giving rise to a predominant vagal parasympa-
thetic tone. Furthermore, the reduction in venous
return induced by spinal anesthesia paradoxically
increases vagal tone, and this leads to a marked
bradycardia and possible asystole [5].

Respiratory Physiology

The anesthesia in low spinal sites has no effect on
ventilation. If the blockade reaches to thoracic

areas, there is a paralysis of the intercostal mus-
cles. This has little effect on ventilation since dia-
phragmatic breathing is regulated by the phrenic
nerve. However, the patient may complain of dif-
ficulty breathing, and in patients with inadequate
respiratory reserve, ventilation might be insuffi-
cient. The paralysis of both intercostal and
abdominal muscles decreases the patient’s ability
to cough and clear secretions.

Digestive Physiology and Function

Gastrointestinal hyperperistalsis occurs as a con-
sequence of unopposed parasympathetic activity
(vagal). It can cause nausea and vomiting but
responds well to atropine.

Genitourinary Physiology
and Function

Sacral blockade produces an atonic bladder able
to retain large volumes of urine. Efferent sympa-
thetic blockade (T5-L1) causes an increased
sphincter tone producing retention. The risk of
urinary retention seems lower under spinal anes-
thesia with a short half-life [6-9]. The most pru-
dent approach is to avoid excessive use of
crystalloid intravenous solutions [8, 9].

Thermoregulation Issues

Hypothermia due to spinal anesthesia is caused
by the redistribution of heat as a direct result of
vasodilation accompanying sympathetic block
[10, 11]. This is the most important cause of core
hypothermia during the first hour [11].
Hypothermia can remain in patients who undergo
major operations under spinal anesthesia if sym-
pathetic blockade persists. Hypothermia risk fac-
tors are as follows: age less than 1 month, low
temperature in the operating room, second- and
third-degree burns, combined general and spinal
anesthesia, age over 70, low temperature of the
patient before induction, low body weight, and
large blood loss, in that order [12]. To reduce the
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risk of intraoperative hypothermia, several strate-
gies are recommended: (a) Monitor core temper-
ature. (b) Perform active heating with air blankets
(as treatment or, in certain cases, as a prophylac-
tic treatment. (c) Heat fluids to approximately
37 °C. (d) Maintain the temperature of the oper-
ating room to over 25 °C. (e) Cover the skin to
reduce cutaneous heat loss [10]. (f) Avoid high
spinal blocks where possible [13].

Techniques

Preparation is important before the injection of
spinal anesthesia. Preoperative evaluation is
important. A medical history and physical exami-
nation of the patient, including lower back,
should be undertaken. The site where the proce-
dure is performed must be equipped with an oxy-
gen source, as well as immediate access to
emergency drugs and equipment for resuscitation
and intubation. In addition, the patient should be
monitored and sedated so he is both comfortable
and cooperative.

Spinal needles (Fig. 11.4) are classified into
two major categories: those that have conical
points and separate the dural fibers (Fig. 11.5)
and the ones that cut the dura (Fig. 11.6). Among
the former are the Whitacre and Sprotte needles
(Fig. 11.5), and the latter will encompass the
Quincke-Babcock needles (Fig. 11.6). With the
needles that have conical-shaped tips and side
openings, the incidence of post-dural puncture
headaches (PDPH) decreases [14]. The incidence
of PDPH decreases with fine-gauge needles,
although it also may increase if numerous
attempts to puncture are made since thin needles
produce worse tactile sensation during needle
placement.

i

Fig.11.4 Spinal anesthesia needle types

Fig.11.5 Quincke-Babcock needles (sharp point)

Fig.11.6 Whitacre and Sprotte needles (conical point)

Position of the Patient

The choice of position for spinal anesthesia is
influenced by a combination of several factors:
the preference of the anesthesiologist, patient
characteristics, and the baricity of local anes-
thetic solutions in conjunction with the surgical
site. Optimal patient positioning is critical to the
success of neuraxial procedures.

Lateral Decubitus Position

The patient is placed with the affected side down
if a hyperbaric solution is used or with the
affected side up if the anesthetic solution is hypo-
baric. The spine should be horizontal and parallel
to the edge of the table or bed. Maximum deflec-
tion of the column must be obtained with the
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knees bending to the chest, and the chin should
be flexed down into the chest (Fig. 11.7).

Seated Position

The head and shoulders are bent down over the
trunk, feet resting on a stool, and the patient’s
back should be near the edge of the table or bed.
One must have an assistant to stabilize the patient,
who should not be over-sedated (Fig. 11.8).
Many anesthesiologists prefer this position
because it helps to identify the midline, espe-
cially in obese patients. The line connecting the

Fig.11.7 Lateral decubitus position

Fig.11.8 Seated position

Fig.11.9 Reference lines and vertebral body of L4

upper edges of the iliac crests crosses the verte-
bral body of L4 or the L3-L4 interspaces
(Fig. 11.9). If the patient is left in this position for
several minutes (with hyperbaric anesthetic solu-
tion), a block to the sacral dermatomes (saddle
block) is obtained. To achieve a higher spinal
block, the patient is placed in supine position
immediately after the intrathecal injection. One
must be aware of the arterial pressure while the
patient is sitting since this position favors the
decrease in venous return due to sympathetic
effects of spinal block.

Prone or Jackknife Position

Itis used in conjunction with hypobaric anesthesia
for procedures in the rectum, perineum, and anus.
It is possible to use this position both for surgery
and anesthesia (Fig. 11.10).

Anatomic Approach

In general, for spinal anesthesia, spaces L3-L4
and L4-L5 are used. To avoid traumatic puncture
of the conus medullaris, the puncture should be
below L2. A large area of skin should be prepared,
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Fig.11.10 Prone or
jackknife position

avoiding contamination with any antiseptic
solution that could be potentially neurotoxic.
This should be followed with 1% lidocaine at the
site of the spinal needle puncture.

Midline Approach

Using the midline pathway decreases the lumbar
lordosis by inserting the spinal needle between
adjacent spinous processes. By palpation, the spi-
nous and interspinous spaces are located. A sub-
cutaneous wheal with local anesthetic is then
used. The needle used for infiltration with local
anesthetic is also used to verify the alignment
between the spinous processes. It is necessary to
use a spinal needle introducer when the needles
are small (25-27 gauges with a pencil tip). If the
introducer is properly placed, it should be firmly
inserted between the fibers of the interspinous
ligament. A spinal needle is inserted through the
introducer along its cephalic angulation. The
insertion should be slow to heighten the sense of
passing through tissue planes to notice the char-
acteristic change when the needle passes through
the ligamentum flavum and the dura, where a pop
indicating loss of resistance is noted. The stylet
must be placed to prevent obstruction of the aper-
ture with tissue. After the stylet is removed, CSF
must appear. If CSF does not appear, rotate the
needle and, if necessary, adjust the needle tip
(e.g., advance, redirect, or withdraw the needle)
and repeat the procedure until the CSF is noted.
Flow of CSF confirms the position of the needle
into the subarachnoid space, and that the tip of
the needle has come into contact with part of the
cauda equina. If the patient describes a paresthesia

at any time, needle advancement should be
stopped. Normally, paresthesia serves as an indi-
cation that the subarachnoid space has been
reached and is usuallly transient and mild. The
stylet is then removed, and appearance of CSF
should be observed. If the paresthesia has been
resolved, a local anesthetic injection should fol-
low. If paresthesia recurs on injecting the local
anesthetic, under no circumstances should local
anesthetic be injected. It will be necessary to
remove the needle and insert it again. The most
common cause of not obtaining CSF is that the
needle was inserted away from the midline.
Another common mistake is insertion of the nee-
dle at an excessive cephalad angulation. During
the injection, a gentle aspiration of 0.1 or 0.2 mL
of CSF to confirm the position in the subarach-
noid space could be performed before the local
anesthetic injection. The depth of the dura from
the skin in patients of normal body habitus is
5.1 cm with a tolerance of 1 cm [15]. The midline
approach is suitable for most patients, is easy to
learn, and also provides a relatively avascular
approach (Fig. 11.11a).

Paramedian Approach

This route is useful in patients who cannot bend
properly or when the interspinous ligament is
ossified. Local anesthetic is injected 1 cm lateral
and 1 cm caudal to the superior spinous process.
The needle with the introducer is directed medi-
ally and in a slightly cephalad direction and is
passed laterally to the supraspinous ligament.
The most common error, as occurs in the medial
approach, is to go in an excessively cephalad
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Fig.11.11 Midline (a) and paramedian (b) approach

direction at the insertion. Nevertheless, if a con-
tact with the vertebral lamina is made, the needle
should be redirected and introduced in a medial
and cephalad direction. As in the case of the mid-
line pathway, the characteristic feeling of the pas-
sage through the ligament and the dura can be
perceived, although the needle requires a greater
depth of insertion. Once CSF is obtained, the
injection is performed in the same manner as
described in the midline approach (Fig. 11.11b).

Lumbosacral Approach (Taylor)

The lumbosacral vertebral foramen is the largest
of the spine. In patients in which the approaches
described above do not allow entry into the spinal
canal due to calcification, or fusion of the inter-
vertebral spaces, the lateral oblique pathway L5—
S1 space (or Taylor approximation) can be the
most appropriate to reach the subarachnoid
space. It can be used in a seated, lateral, or prone
position. The posterior superior iliac spine is
identified, and skin is marked 1 cm medial and
1 cm caudal. Also identified and marked is the
intervertebral space L5-S1. A spinal needle 120—
125 mm long is inserted because the oblique
angle creates a great distance to reach the sub-
arachnoid space. A cutaneous wheal is created.
Then, the needle is inserted and is directed 45°
medial and 45° caudal to the L5-S1 space.
Changes of resistance to the passage of the nee-
dle through the ligamentum flavum and dura

mater are the same as in the medial pathway
(Fig. 11.12).

Pre-procedure Ultrasonography

Ultrasound can be used to identify the lumbar
interspace for the best needle placement and it is
really helpful in determining the depth of the sub-
arachnoid space in obese patients or those with
difficult anatomy. The spine can be scanned in
transverse and sagittal view (Figs. 11.13 and
11.14). To perform the scan it is important to
have experience and training. Also, since it takes
additional time and equipment, its benefits are

Fig.11.12 Lumbosacral approach (Taylor)

Fig. 11.13 Paramedial oblique sagittal scan of the lum-
bar spine. Note the hyperechoic bony lines of sacrum cau-
dally and L4 and L5 cranially, es epidural space
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Fig.11.14 Transverse scan of the lumbar spine, interspi-
nous L4-L5 level

arguable. Therefore, ultrasonography for spinal
anesthesia is not yet routinely used [16].

Pharmacology
General Considerations

Local anesthetics are substances capable of pro-
ducing a reversible block of the conduction in
nerve fibers. Its chemical structure is an aromatic
radical attached to an amine structure with a link
that can be ester or amide. Amino ester anesthet-
ics are procaine and tetracaine; the amino amides
are lidocaine, prilocaine, mepivacaine, bupiva-
caine, and ropivacaine. The most important clini-
cal properties of local anesthetics are potency,
onset, and duration of action. They are differenti-
ated by lipid solubility, pKa, and protein binding.
They may be short duration of action or long
duration of action. The anesthetics of short dura-
tion (<90 min) are procaine, lidocaine, and mepi-
vacaine. Those of long duration are tetracaine,
bupivacaine, ropivacaine, and levobupivacaine.

Local Anesthetics for Spinal
Anesthesia

Procaine

It has been used as a local anesthetic for 100 years.
Lidocaine replaced it by providing a faster onset
and longer duration of action. The recent associa-
tion of lidocaine with the appearance of transient

neurological symptoms (TNS) has renewed inter-
est in the use of procaine in spinal anesthesia
because it seems to cause fewer TNS, but it pro-
duces more frequent failure of the blockade and
also nausea. Additionally, the recuperation period
is greater than with lidocaine [17].

Chloroprocaine

It is also a short-acting local anesthetic. In clini-
cal studies with volunteers, it has been shown to
have a profile similar to lidocaine, with a lower
incidence of TNS. Not approved by the FDA for
intrathecal use. Neurotoxicity attributed to pre-
servative sodium bisulfite [18].

Lidocaine

It is considered to be a local anesthetic of inter-
mediate/short-term action. It has historically
been the most widely used as a local anesthetic
for spinal anesthesia. Its use has greatly dimin-
ished because of the incidence of TNS, which
varies between 15 and 33% depending on the
type of surgery [3, 19].

Mepivacaine

Mepivacaine is associated with a high incidence
of transient neurological symptomes, as is the case
with lidocaine [19].

Bupivacaine

It is the anesthetic most widely used for long-
acting effect. The extent and duration of the
blockade is dose dependent. However, it has a
great variability due to its high lipid solubility. It
is cardio toxic, but the doses used in spinal anes-
thesia (maximum 20 mg) are too small to produce
toxicity. In ambulatory surgery, it has been used
in low doses as an alternative to lidocaine, albeit
with wide variability and high failure rate [20].
Although a low dose of bupivacaine (e.g.,
4-6 mg) has been described for outpatient anes-
thesia, the prolonged recovery time makes bupi-
vacaine less desirable for ambulatory surgery.

Ropivacaine and Levobupivacaine

These are two long-acting anesthetics that have
been developed as an alternative to bupivacaine
for epidural anesthesia and nerve blocks due to
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Table 11.1 Doses and duration of local anesthetic in spinal anesthesia

Anesthetic Dose (mg) To T10 (mg) To T4 (mg) Duration (min) With epinephrine (min)
Procaine 50-200 125 200 45 60
Chloroprocaine 30-100 1540 40-100 80 =
Lidocaine 25-100 50-75 75-100 60-75 75-100
Mepivacaine 30-60 60 80 70-90 120-180
Tetracaine 5-20 8-14 14-20 70-90 100-150
Bupivacaine 5-20 8-12 12-20 90-110 100-150
Ropivacaine 8-25 12-18 18-25 80-120 -
Levobupivacaine | 5-20 8-10 12-20 90-120 100-150
their reduced cardiotoxicity. For spinal anesthe- Epinephrine

sia, cardiotoxicity is not a relevant clinical issue
because of the low dose used. Ropivacaine has
lower potency than bupivacaine but also allows
(40%) early motor recovery. Levobupivacaine is
the L-enantiomer of bupivacaine. It is no longer
marketed in the USA.

Tetracaine

It is the prototype of the ester type of local anes-
thetic of long duration. Compared with bupiva-
caine, it is more potent and has longer life, but it
seems to produce more hypotension [21] (see
Table 11.1) and has therefore been replaced with
bupivacaine.

Local Anesthetic Additives
(Adjuvants)

There are two main reasons for using additives
with local anesthetics: to improve the quality and
duration of the spinal block and to decrease the
dose of local anesthetic injected, thereby reducing
the cardiovascular effects and improving the clini-
cal profile of the spinal block [1]. Alpha-adrenergic
agents and opioids are substances that are associ-
ated most frequently with local anesthetics.

Alpha-Adrenergic Agents

These act by reducing the elimination of local
anesthetics due to the vasoconstriction they
produce, thus reducing their absorption into the
systemic circulation and increasing the duration
of action thereby contributing to postoperative
analgesia.

Its vasoconstrictor action is due to the direct
alpha-adrenergic effect [22]. Clinically, the effec-
tiveness of intrathecal epinephrine depends on the
local anesthetic with which it is associated [22—
24]. The recommended dose is 0.2-0.3 mg epi-
nephrine. Large doses of epinephrine may
decrease blood flow to the spinal cord, whereas
doses of 0.2 mg appear to not affect the blood sup-
ply to the spinal cord [21, 23, 24]. However, they
can contribute to the development of transient
neurological symptoms (TNS) [21]. On the other
hand, the intrathecal epinephrine significantly
delays the return of the sacral autonomic function
and the capacity for spontaneous urination [25].

Phenylephrine

The mechanism of action and effects are similar to
those of epinephrine. It is used clinically in doses of
5 mg. Its use has declined since it seems that TNS
increases when associated with tetracaine [26].

Clonidine

It is not used in the USA. It prolongs anesthesia
and analgesia. Doses are 15-150 mcg. It is asso-
ciated with more episodes of intraoperative hypo-
tension [27].

Magnesium

It is an antagonist of the NMDA receptors and
may modify nociceptive modulation. It appears
that additional study would be required [28].

Opioids
These interact synergistically because they block
afferent stimuli in action sites different from
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those of local anesthetics. They improve intraop-
erative and postoperative analgesia. However,
they also produce different side effects such as
itching, nausea, vomiting, and respiratory depres-
sion, all in a dose-dependent manner.

Morphine

It has a slow onset of action (30—-60 min) and a
prolonged duration of action, providing extensive
postoperative analgesia. Doses of 0.1-0.2 mg
provided an extensive spinal analgesia for up to
12-36 h for different surgical procedures such as
cesarean delivery, radical prostatectomy, hyster-
ectomy, and total hip arthroplasty. With these low
doses, the risk of respiratory depression is quite
rare. However, the minimum dose needed in total
knee arthroplasty is 0.3-0.5 mg. With these
doses, the side effects such as nausea, vomiting,
urinary retention, and pruritus increased signifi-
cantly compared with lower doses. The risk of
delayed respiratory depression is dose dependent
(6-18 h after intraoperative injection).

Fentanyl and Sufentanyl

Fentanyl is the most commonly used intrathecal
opioid. Its lipophilic profile allows a quick onset of
action (5-10 min) and intermediate duration of
action (60-120 min). Doses of fentanyl of
15-25 mcg, in association with lidocaine or bupi-
vacaine, prolong the duration of anesthesia without
increasing complete sensory, motor, and bladder
recovery time. Fentanyl and sufentanyl provide
minimal postoperative analgesia and are not asso-
ciated with delayed respiratory depression [29].

Determinants of Intrathecal Local
Anesthetic Distribution

Baricity

Baricity is a ratio that compares the density of
one solution in another. In the case of spinal anes-
thesia, it is defined as the ratio between the den-
sity of the local anesthetic solution compared
with the density of the patient’s CSF at
37 °C. Local anesthetic solutions that have the
same density as the CSF are called isobaric.
Local anesthetic solutions with a higher density

than the CSF fluid are called hyperbaric, while
solutions with a lower density than the CSF fluid
are called hypobaric. Hyperbaric solutions will
flow in the direction of gravity and settle in the
most dependent areas of the intrathecal space,
while hypobaric mixtures will rise in relation to
gravitational pull. The effects of gravity are
determined by the choice of the patient’s position
and in the supine position on the curvatures of the
spine. There is wide variability in the density of
CSF among the various population subgroups.
Therefore, a local anesthetic solution can be iso-
baric in one individual while hypobaric in
another.

Hyperbaric Spinal Anesthesia

Hyperbaric solutions are prepared by mixing the
local anesthetic solution with glucose. With the
patient in supine position, hyperbaric solutions
tend to be distributed by gravity to the most
sloped points of the thoracic (T6-T7) and sacral
(S2) curves (Fig. 11.1). We use hyperbaric solu-
tion when we desire sensory level higher than
T10. Hyperbaric solutions have faster onset,
shorter duration, and a greater extent of sensory
block. If an anesthetic hyperbaric solution is
injected into a patient in a seated position, its dis-
tribution will be restricted during 5—10 min to the
lumbosacral dermatomes, thereby producing a
“saddle block.” Similarly, if hyperbaric solutions
are injected in the lateral supine position with the
surgical side sloped down, and remains in this
position for 10—-15 min, it is possible to get a uni-
lateral spinal anesthesia [30].

Hypobaric Spinal Anesthesia

Commercial solutions are prepared by diluting
isobaric solutions with sterile distilled water.
Although it is less commonly used for perineal
and perirectal surgical procedures performed
with the patient in the prone position or “jack-
knife” position, it provides significant advantages
in hip surgery in lateral position.

Isobaric Spinal Anesthesia

These solutions are not completely isobaric but
tend to be slightly hypobaric. Consequently,
depending on the patient’s position during the
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injection and during surgery, the solution can
behave unpredictably rather than as a true iso-
baric solution. Isobaric solutions are not distrib-
uted far from the initial point of injection and are
particularly useful when sensory block in the
high thoracic dermatomes is not desirable.

Dose, Volume, and Concentration

The importance of concentration, dose, and vol-
ume of different local anesthetic solutions on the
extent of spinal block has been considered. A
change in one of the variables causes changes in
the others. However, it appears that the dose (as
weight in mg) is the most important of the three.
The volume and concentration are not as impor-
tant. The greater the dose of local anesthetic
injected, the greater the extent and the duration of
the blockade [27, 31].

Intervertebral Space for the Injection
Different researchers have studied the importance
of injection site in the extension of the spinal
anesthesia. It seems that the effect of the injection
site is superseded by the baricity of the anesthetic
solution and the position during the injection.

Position of the Side Holes of the Spinal
Needle

This is of importance when using pencil-point
needles with a side opening (Whitacre and
Sprotte). If the hole is directed either caudal or
cranial, it appears that it may affect the extent and
duration of the spinal anesthesia differently [32].

Age

With increasing age, there appears to be a ten-
dency to increase the extent of spinal anesthesia.
This seems to be related to decreased CSF and to
the demyelination that occurs in elderly patients
[22, 33, 34].

Height
There is no significant correlation between height
and extension of the anesthesia [22].

Body Mass Index
It seems that there is a tendency toward an
increase in the extension of the blockade in obese

patients, but a significant statistical correlation
has not yet been observed. The most likely mech-
anism is the compression in the subarachnoid
space due to an increase in abdominal mass that
produces a decrease in the CSF causing the extent
of the spinal anesthesia to be higher. This also
occurs in pregnant patients [35, 36].

Indications and Contraindications

Indications

The anesthesiologist must determine the correct
segmental level for surgery to be performed and
assess that the physiological effects of the
required anesthetic level are not harmful to the
patient. Visceral sensitivity and viscerosomatic
reflexes have spinal segmental levels that are
much higher than what could be predicted from
skin dermatomes. Table 11.2 shows the levels
needed for common surgical interventions.

Contraindications

The most important contraindications for spinal
anesthesia are patient refusal and increased intra-
cranial pressure. Other contraindications may be
infection of the puncture site, severe hypovole-
mia, or coagulation disorder. For patients with
preexisting neurological diseases (peripheral
neuropathies, demyelinating diseases), it is con-
troversial because there is no clinical study show-
ing that spinal anesthesia worsens these diseases.
Rather, it appears that the contraindication is
largely based on legal considerations.

Table 11.2 Dermatomal levels of spinal anesthesia for
common surgical procedures

Procedure Dermatomal
Hysterectomy, cesarean delivery, T4
inguinal herniorrhaphy, appendectomy
TURP(transurethral resection of the T10
prostate), cistoscopy, hysteroscopy, total

hip replacement, femoral popliteal

bypass, varicose vein stripping

Lower extremity surgery with tourniquet | T8-T10
use. Knee replacement and arthroscopy.

Below knee amputation

Foot and ankle surgery L1
Perirectal and perineal S2-S5




11 Neuraxial Blockade: Subarachnoid Anesthesia

225

Complications
Cardiovascular Side Effects

The most frequent and severe side effects are
hypotension and bradycardia. There is an inci-
dence of hypotension around 33% in non-
obstetric populations [3]. Risk factors for
hypotension in the non-obstetric population
include block height above T3, age over 40, sys-
tolic blood pressure less than 120 mmHg, and
chronic hypertension. The severity of the decline
in blood pressure correlates with the height of the
blockade and with the patient’s intravascular vol-
ume [37]. Prophylactic measures to prevent
hypotension include prehydration with crystal-
loids or colloids or administration of vasoactive
drugs [1, 3]. The crystalloid solutions are quickly
distributed from intravascular to extravascular
space. It has been observed that the administra-
tion of Ringer’s lactate during the induction of
spinal anesthesia is more effective than when it is
administered 20 min before [38]. Administration
of large volumes of crystalloids (more than 1 L)
does not seem to offer great additional benefits
over small volumes (250 mL) and may be harm-
ful in patients with limited cardiopulmonary
reserve [3]. Prophylactic treatment with vasoac-
tive agents may be more effective than prehydra-
tion for the prevention of hypotension [39].
Ephedrine, in intravenous increments of 5—10 mg,
produces increased cardiac output in addition to
vasoconstriction.  Phenylephrine  (bolus of
40-160 mcg IV or infusion of 20-200 mcg/min
IV) increased peripheral vascular resistance but
can decrease the frequency and cardiac output. It
would be first choice in obstetrics, especially if
tachycardia is present [40].

The incidence of bradycardia is about 13% in
non-obstetric  populations. The heart rate
decreases with a high block height by blockade
of cardioaccelerator sympathetic fibers and a
decrease in venous return, leading to a predomi-
nant vagal tone. Risk factors favoring bradycar-
dia include block height above T5, decreased age
(American Society of Anesthesiologists physical
status) ASA I, average heart rate < 60 BPM, pro-
longed PR interval, and treatment with beta

blockers. Cardiovascular collapse associated
with spinal anesthesia is not uncommon and
often is preceded by bradycardia and hypoten-
sion. This rare but severe complication seems
mainly related to decreased venous return to the
heart which activates vagal tone. The incidence
of cardiac arrest is difficult to determine and
depends on the interpretation of data and defini-
tions. Large observational studies indicate an
incidence of (0.04-10)/10,000 [40]. The exces-
sive sedation and a delay in treatment with vaso-
active drugs may exacerbate the effects of
hypotension and bradycardia. Therefore, treat-
ment should be immediate and aggressive. In
addition to treatment with crystalloids and/or col-
loids, treatment should be continued in steps with
atropine (0.5—1 mg), ephedrine (25-30 mg), and
epinephrine (0.2-0.3 mg) [41]. If severe brady-
cardia is present, apply ACLS protocols.

Total Spinal Anesthesia

Total spinal anesthesia occurs when the local
anesthetic spreads so high that there is a sensory
block of all the spinal cord beyond the cervical
region. Subsequent to a complete sympathetic
block, severe hypotension and bradycardia occur,
followed by respiratory arrest and loss of con-
sciousness. Fortunately, when the local anesthetic
spreads so cephalad, the total amount is low, and
the motor paralysis is limited and of short dura-
tion. Recognition and prompt treatment are
essential to prevent cardiac arrest and hypoxic
brain injury. Supportive treatment for the dura-
tion of the blockade includes vasopressors, atro-
pine, and fluids, in addition to oxygen and
controlled ventilation. Morbidity and mortality
should not occur if ventilation and circulation are
maintained until the blockade is resolved [42].

Subdural Anesthesia

The subdural space is a potential space between
the dura and arachnoid, which contains only
small amounts of serous fluid that allows the two
membranes to move over each other. On rare
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occasions, during the course of spinal or epidural
anesthesia, local anesthetics may be injected into
this space. If the amount of local anesthetic is
small (spinal anesthesia), the result is an exten-
sive but minimal anesthesia and may explain
many cases of failed spinal anesthesia. If the dose
was injected for epidural anesthesia, a wide
spreading of the local anesthetic into the subdural
compartment can occur with an unexpected
spread of the sensory and motor blockade with
symptoms resembling total spinal anesthesia.

Spinal Hematoma

The formation of a hematoma within the spinal
canal can produce spinal cord compression and
ischemic damage. The hematoma can occur in
patients with normal coagulation because of dam-
age from the needle or catheter in the epidural
venous plexus, but the risk is increased in patients
with impaired hemostasis. It is estimated that the
incidence of hematoma is less than 1/150,000 in
the case of epidural puncture and 1/220,000 in the
case of subarachnoid puncture. Suspect a poten-
tial hematoma problem when a spinal block is
unusually long. Early detection is critical because
a delay of more than 8 h in decompressing the spi-
nal cord worsens the prognosis [43, 44].

Infectious Complications

These may occur as localized infection of the
skin, spinal abscess, or meningitis. Spinal abscess
manifests itself as back pain accompanied by
radicular pain, motor deficits, and fever. The
diagnosis is made with an MRI. Treatment
includes intravenous antibiotics and drainage/
surgical decompression.

Neurological Complications

The incidence of neurological injury in large
series of spinal and epidural anesthesia ranges
from 0.03 to 0.1% [19, 45]. Blunt trauma from the
needle causes paresthesia. Intraneural injection

causes a more severe paresthesia and worsens
nerve injury. Therefore, when a paresthesia occurs
while performing a spinal puncture, the advance-
ment of the needle should be stopped, and the
local anesthetic injection should be discontinued
by removing the needle and waiting for the disap-
pearance of paresthesia. Laboratory studies sug-
gest that all local anesthetics are potentially
neurotoxic, but clinical experience suggests that
nerve injury induced by these agents is rare. The
syndrome of the cauda equina is associated with
the use of microcatheters during continuous spi-
nal anesthesia, as well as with 5% lidocaine [46].
Transient neurological symptoms or transient
radicular irritation is a syndrome that manifests
itself with back pain that radiates to the thighs and
lower extremities after spinal anesthesia. The pain
on a scale 1-10 has an average value of 6.2. Most
patients report an onset of symptoms from 12 to
24 h after surgery for a period of between 6 h and
4 days. The neurological examination is standard
[19]. Included among the risk factors are ambula-
tory surgery, surgical position (in lithotomy, knee
arthroscopy), and obesity. One of the most impor-
tant risk factors is the use of lidocaine. Although
all local anesthetics can produce TNS, lidocaine is
the one with a higher incidence. Although this is a
transitory situation, its symptoms can be very dis-
abling. Treatment is symptomatic with anti-
inflammatory analgesics and opiates [19, 45, 47].

Hearing Loss

Incidence is 0.4-0.5%. This complication has
been described with increasing frequency. It has
been demonstrated by audiometry [46]. It is
believed to be due to loss of CSF after lumbar
puncture and lower CSF pressure that is transmit-
ted to the perilymph [48].

Nausea

The most frequent causes are hypotension, the
predominance of vagal tone that produces
sympathetic blockade leading to gastrointestinal
hyperactivity and the use of intrathecal opioids.
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Post-dural Puncture Headache

This is a common complication of spinal anesthe-
sia. The mechanism appears to be related to the
leak of CSF through the puncture site. The leak
causes a decrease in CSF pressure and traction of
the intracranial structures when the patient
changes position from supine to seated [1]. It is an
intense occipital headache radiating to the poste-
rior cervical region and may be accompanied by
nausea, vomiting, and photophobia. The main
characteristic is the positional nature. Other neu-
rological symptoms, such as diplopia and hearing
loss, may indicate a severe case of dural puncture
headache. It occurs between 12 and 48 h after
puncture and usually lasts no more than 27 days.
It is more common in the young and females.
Maternity cases present the greatest risk, and this
relates to the type of needle employed or to the
increase in abdominal pressure.

The differential diagnosis with regard to other
types of headaches, such as meningitis, subarach-
noid hemorrhage, and those associated with
eclampsia and preeclampsia, should be made.
During recent years, the incidence of post-dural
puncture headache has decreased, thanks to the
use of smaller needles and the introduction of
pencil-point needles [49].

Social factors influence treatment because it is
a headache that is relieved by supine position and
worsened with movement. Thus, it does not affect
a woman who has to care for her newborn child
in the same way as it would a recently operated
patient who cannot move (e.g., trauma patients).
Therefore, the treatment of dural puncture head-
ache is, initially, rest, hydration, and treatment
with NSAIDs. The treatment of choice is the epi-
dural blood patch [50]. If the headache is severe
and lasts more than 24 h, a treatment should be
initiated consisting of a spinal epidural injection
of 10-15 mL of the patient’s sterilized blood. The
effectiveness is between 70 and 98% but may
require a second blood patch. After the comple-
tion of the blood patch, the patient should be
lying down for 1-2 h.

Transnasal sphenopalatine ganglion block has
been used in the treatment of headaches and
facial pain. Studies based on a small number of

cases showing use of this block for the treatment
of post-dural puncture headaches have been pub-
lished [51].

Clinical Pearls
Anatomy of the Spine

e The ligamentum flavum is easily recognized
by the increased resistance to the passage of
the needle.

e The spinal needles are inserted below L2.

e The arachnoid acts as a major barrier to the
flow of drugs from the CSF.

e The subdural space is a virtual space between
the dura and the arachnoid.

e The volume of CSF is one of the most impor-
tant factors affecting the level of sensory block
and duration of spinal anesthesia.

e Each spinal nerve innervates a specific area of
skin or dermatome and skeletal muscles.

Physiology

e The heart rate and the blood pressure in a high
neuraxial block decrease by the reduction in
venous return that also increases the vagal
tone, and this leads to a marked hypotension,
bradycardia, and possible asystole.

¢ If the blockade reaches to thoracic areas, ven-
tilation might be insufficient.

e Hypothermia is caused by the redistribution of
heat as a direct result of vasodilation accom-
panying sympathetic block.

Techniques

* Appropriate sedation may be used although
it is important to communicate with the
patient.

e Patient positioning and subsequent reposition-
ing must be carefully considered in real time.

e The technique should be done in the shortest
time possible without excessive haste. Refrain
from making multiple punctures.
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e Ultrasound can be used to identify the lumbar
interspace and the depth of the subarachnoid
space in obese patients or those with difficult
anatomy.

* The site should have prompt access to equip-
ment for resuscitation and intubation.

Pharmacology

e Spinal blockade anesthetics should produce
(a) a rapid onset to facilitate the start of sur-
gery, (b) a duration commensurate with the
length of the surgical procedure, and (c) a
recovery that facilitates the expected recovery
time and patient discharge.

* Lidocaine use has decreased due to the inci-
dence of TNS, which varies between 15 and
33% depending on the type of surgery.

e Additives to the anesthetic improve the quality
and duration of the spinal block and decrease
the dose of the local anesthetic injected,
thereby reducing the cardiovascular effects
and improving the clinical profile of the spinal
block.

e The risk of respiratory depression with intra-
thecal morphine is dose dependent.

e The three most important factors in determin-
ing distribution of local anesthetics are baric-
ity, position of the patient during and just after
injection, and dose.

e The anesthesiologist must determine the cor-
rect segmental level for surgery and must also
assess that the physiological effects are not
harmful to the patient.

e The contraindications for spinal anesthesia are
patient refusal, increased intracranial pres-
sure, infection of the puncture site, severe
hypovolemia, or coagulation disorder.

Complications

e The severity of the decline in blood pressure
correlates with the height of the blockade and
with the patient’s intravascular volume.

e A large volume of crystalloids does not offer
great benefits over small volumes and may be

harmful in patients with limited cardiopulmo-
nary reserve.

e Cardiovascular collapse associated with spi-
nal anesthesia is not uncommon and often is
preceded by bradycardia and hypotension.

* A potential hematoma should be suspected
when a spinal block is unusually long.

*  When a paresthesia occurs while performing a
spinal puncture, the advancement of the nee-
dle and the local anesthetic injection should be
stopped, and disappearance of paresthesia
should be awaited.

e If neurological damage is suspected, immedi-
ate diagnosis is essential.

e TNS is a syndrome with back pain that radi-
ates to the thighs and lower extremities after
spinal anesthesia. The risk factors are the use
of lidocaine and surgical position.

e The main characteristic of post-dural puncture
headache (PDPH) is the positional nature. The
treatment of choice is the epidural blood
patch.

Case Study

Loss of Hearing after Spinal
Anesthesia [48, 52, 53]

Male, age 25, with no personal history of interest
(weight 80 kg, height 190 cm) is programmed for
knee arthroscopy. Spinal anesthesia is performed
with 24G spinal pencil tip needle. 12 mg of 0.5%
hyperbaric bupivacaine is injected. During the
intervention 250 mL of Ringer’s lactate solution
is infused. The surgery lasts 45 min without inci-
dent. The patient is maintained with hemody-
namic parameters within normal limits during the
intervention.

The next day the patient reports hearing loss
that is confirmed by audiometry.

Hearing loss following spinal anesthesia is
believed to be due to loss of cephalorrachidian
fluid through the puncture pore. The dynamics of
the cerebrospinal fluid is fundamental for the
functioning of the inner ear. Due to the decrease
in the pressure of the cerebrospinal fluid related
to the opening of the dura mater after spinal
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puncture, large volumes of perilymph enter the
cerebrospinal fluid and this is reflected in the
decrease in the pressure of the perilymph in the
labyrinth. The imbalance between endolymph
and perilymph is likely to be the cause of hearing
loss following spinal anesthesia. This temporary
hearing loss observed after spinal anesthesia
seems to be due to different factors. The volume
of cerebrospinal fluid leakage is associated with
hearing loss and also with post-puncture-dural
headache. This is related to the size and type of
needle being used since studies show that the
incidence of hearing loss is more frequent with
larger needles (more frequent for size 22G than
for 24G and very rare when using 27G).

Circulating blood volume and administration
of intravenous solutions also appear to be related
to the incidence of hearing loss. Proper fluid ther-
apy can prevent hearing loss and improves inter-
nal ear perfusion.

A higher incidence of hearing loss in young
people has been observed and this is due to the fact
that there is a greater leakage of cerebrospinal
fluid after dural puncture that correlates to a higher
incidence of post-dural-puncture headache in
these patients. Its treatment is therefore superim-
posable on that of post-dural-puncture headaches.

The hearing loss usually does not last more
than a week.

Review Questions

1. A female, 60 years old, is perineorrhaphy
operated on in the lithotomy position under
spinal anesthesia. The next day, she com-
plains of severe low back pain radiating
down her legs. What is the most common
cause of this pain?

(a) TNS (transient neurological symptoms)
(b) Epidural spinal hematoma
(c) Epidural abscess
(d) Decubitus
2. What is the path you should follow?
(a) Consult with a neurologist
(b) MRI
(c) CTat24h
(d) Expect spontaneous resolution

3. Which of the following is true of post-dural
puncture headache?

(a) Commences within 12-48 h of dural
puncture.

(b) Traction of the intracranial structures
appears when the patient changes posi-
tion from supine to seated.

(c) The technique of blood patch is between
70 and 98% effective. Some cases require
a second patch.

(d) All of the above.

4. What is the minimum level to be achieved
for spinal anesthesia in cesarean delivery?
(a) T1
(b) T4
(c) T10
(d) T8-T10

5. Inrelation to spinal anesthesia and “transient
neurological symptoms” (TNS):

(a) One of the most important risk factors is
the use of lidocaine.

(b) Onset of symptoms appears between 6 h
and 4 days after surgery.

(c) Although this is a transitory situation, its
symptoms can be very disabling.

(d) All of the above.

6. In a neonate, the spinal cord terminates at the
lower border of:

(a) T12

(b) L1

(c) L2

(d) L3

7. In the case of a patient sitting upright with
his arms by his side, a line drawn between
the tips of the scapulae will correspond to the
vertebral body of:

(a) T6

(b) T7

(c) T8

(d) T9

8. Indicate which of the statements is false:

(a) The subarachnoid space lies between the
pia mater and arachnoids.

(b) The subdural space is a virtual space
between the dura and the arachnoids.

(c) Spinal CSF volume is approximately
25 mL.

(d) Ventricular CSF volume is approxi-
mately 150 mL.
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9. Risk factors for hypotension in the non-
obstetric population include:
(a) Block height greater than TS.
(b) Systolic blood pressure
120 mmHg.
(c) Chronic hypertension.
(d) All of the above.
Which of the following is true of the baricity
of anesthetic solutions?
(a) Local anesthetic solutions that have the
same density as the CSF are called
hyperbaric.
Local anesthetic solutions with a higher
density than the CSF fluid are called
isobaric.
Hyperbaric solutions are distributed to
areas most nondependent on intrathecal
space while the hypobaric are distributed
to dependent intrathecal areas.
The effects of gravity are determined by
the choice of the patient’s position and in
the supine position on the curvatures of
the spine.
11. The line connecting the upper edges of the
iliac crest crosses the vertebral body of:
(a) Interspaces L2-L3
(b) L3
(c) L4
(d) Interspaces L5-S1

less than

10.

(b)

(©)

(d)
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Introduction

The first epidural injection was performed in
1901 by Jean-Athanase Sicard and Ferdinand
Catheline through the caudal route. The Touhy
needle was developed for continuous spinal cath-
eter technique and later adapted for epidural
anesthesia by Manual Martinez Curbelo. Its pop-
ularity increased due to the potential serious neu-
rological sequelae of spinal injections and the
availability of long-acting local anesthetic agents
such as bupivacaine

The versatility of epidurals, in their use as a
sole anesthetic, supplement for general anesthe-

S. Kunnumpurath, MBBS, MD, FRCA, FFPMRCA (<))
Pain Management, Epsom and St. Helier University
Hospitals NHS Trust, Carshalton, UK

S. Ramessur, MBBS, BSc(Hons), FRCA, FFPMRCA
Anaesthetics, Guys and St. Thomas” NHS Foundation
Trust, London, UK

A. Fendius, MBBS, BSc(Hons), DipIMC, FRCA
Anaesthesia, Oxford University Hospitals NHS
Foundation Trust, Oxford, Oxfordshire, UK
e-mail: adam.fendius @ouh.nhs.uk

N. Vadivelu, MBBS, MD, DNB

Department of Anesthesiology, Yale University,
New Haven, CT, USA

e-mail: nalini.vadivelu@yale.edu

J. Perinpanayagam, BSc(Hons), MBBS, FRCA
Anaesthetics, St George’s University Hospital,
London, UK

e-mail: jasminal 6@doctors.org.uk

© Springer International Publishing AG, part of Springer Nature 2018
A. D. Kaye et al. (eds.), Essentials of Regional Anesthesia,

https://doi.org/10.1007/978-3-319-74838-2_12

sia or for analgesia and added benefits in obstet-
ric conditions, makes it a popular regional
technique in the USA and UK.

The epidural space can be approached at all
levels to provide segmental analgesia and this
allows it to have a role in a wide variety of sub-
specialties including; chronic pain, pediatrics,
obstetrics; vascular and even emergency laparot-
omy patients. Other benefits include attenuating
the stress response to surgery, reducing postop-
erative complications and intraoperative blood
loss (and therefore the need for blood transfu-
sion). Reduction in postoperative cardiovascular,
respiratory, and metabolic complications,
improved wound healing and reduced incidence
of venous thrombosis are further advantages [1].

The technique of an epidural can be more
challenging than a spinal injection and take lon-
ger to perform, the onset of analgesia/anesthesia
is longer and the motor blockade is less dense
compared to spinal techniques. The incidence of
post-dural-puncture headache (PDPH) is signifi-
cantly higher compared to spinal injections.

Anatomy of the Epidural Space

The epidural space is also known as the extradu-
ral or peridural space and extends from the base
of the skull to the tip of the sacrum. It encircles
the dura from the dural reflections at the foramen
magnum cranially down to the sacrococcygeal
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ligament caudally. It is thinnest in the cervical
region (2 mm) and thickest in the lumbar region
(6 mm).

The vertebral column is made up of 7 cervical,
12 thoracic, 5 lumbar, 5 sacral and 3-5 coccygeal
vertebrae. The latter two are fused together to
form the sacrum and the coccyx, respectively.
Though the morphology of the five types of ver-
tebrae differs considerably with regard to size
and shape, the basic components for the vertebra
remain same. These are the anterior body, lateral
pedicles and posterior spinous process. The lam-
ina and the pedicle form the posterolateral struc-
tures (Fig. 12.1). The size and shape of the
vertebrae vary as we move down along the verte-
bral column from the cervical to sacral region
(see Fig. 12.3), which has implications on the
technique of needle insertion into the epidural
space. Of notable importance is the variation in
angle of the spinous process at the various levels.
In the cervical and lumbar regions, the spinous
processes are almost horizontal, which permits a
midline approach to the space. In the thoracic
region, these processes are more acutely angled
making a paramedian approach technically
easier.

The anatomical borders of the epidural space
are superiorly; the foramen magnum, inferiorly;
the sacrococcygeal ligament which covers the
sacral hiatus and fuses with the coccyx, anteri-

orly; the vertebral bodies and intervertebral disks
and posteriorly the ligamentum flavum.

Ligaments

There are three important ligaments that provide
posterior support for the vertebral column and are
important when accessing the epidural space.

The supraspinous ligament is a continuation
of the ligamentum nuchae, which is a thin struc-
ture running along the vertebral column joining
the tips of adjacent spinous processes. Its thick-
ness increases gradually inferiorly and is maxi-
mum in the lumbar region. The interspinous
ligaments lie beneath the supraspinous ligament
and connect adjacent spinous processes. They are
thin and inconsequential. The ligamentum flavum
is a midline structure, which is paired and usually
fused in the midline. It is much thicker and offers
resistance to a needle passing through it (when
the two halves are separate, then it can lead to
difficulties in identifying the epidural space by
the midline approach with increased risk of dural
tap). The ligamentum flavum is thinnest in the
cervical region and thickens in the thoracic and
lumbar region. This is the only ligament that is
encountered in the paramedian approach to the
epidural space unlike the midline approach where
the needle will pass through all three.

Contents of the Epidural Space

The epidural space contains fat, epidural veins,
spinal nerve roots, and connective tissue
(Fig. 12.2). The epidural fat lies between the dura
and vertebral canal surrounding the spinal cord.
It might have a protective role in reducing acci-
dental dural taps during epidural needle insertion.
To some extent, this fat can potentially act to
modify the effect of drugs injected into the epi-
dural space depending on their lipid solubility.
However, the exact role played by this is not very
clear. The epidural venous plexus is a network of
valveless veins known as Batson plexus. They
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form a reticular network in the epidural space and
transmit pressure fluctuations in the thorax and
abdomen as happens during coughing, straining,
or during pregnancy. In pregnancy, especially
during active labor, these epidural plexuses
become highly engorged reducing the volume of
the epidural space. The spinal nerve roots lie in
the epidural space and, as they exit the spinal
cord, carry a short length of the dura, which
forms a cuff around these roots. Finally, the con-
nective tissue loosely arranged in the epidural
space may have some bands and poorly defined
septae which can rarely interfere with passing of
a catheter or spread of local anesthetic solutions.

Surface Anatomy

Surface landmarks (Table 12.1) and palpation are
most commonly used to identify intervertebral
level, although both lack accuracy. The vertebra
prominens is the most prominent structure notice-
able descending down the vertebral column. The

Table 12.1 Anatomical landmarks for epidural siting

Surface marking Vertebral level
Vertebra prominence C7
Root of spine of scapula T3
Inferior angle of scapula T7
Rib margin 10 cm from midline L1
Superior aspect of iliac crest L4
Posterior superior iliac spine S2

Spinous process

Dura mater
Subdural space

Pia mater
Subarachnoid space
Arachnoid

other useful surface landmarks are demonstrated
in Fig. 12.3. The line joining the superior aspect
of the iliac crests is known as Tuffier’s line and
taken to mark the L4 level.

Special Anatomical Considerations
for Caudal Epidural

Although the termination of the spinal cord
(conus medullaris) is generally at the level of L2,
the cauda equina extends for a variable distance
below this (Fig. 12.4) and remains encased within
the dural sac, which extends down into the sacral
canal. The epidural space can be accessed here,
via the sacral hiatus, in the form of caudal epi-
dural anesthesia (Fig. 12.5). The sacral hiatus is
the area of S5 (significant individual variability)
where the spinous process is absent and can be
identified cephalad to the coccyx and in-between
the two sacral cornua.

There is significant anatomical variation and
in some patients the sacral hiatus lies in close
proximity to the anus, which may increase the
infection risk of caudal anesthesia.

Physiological Effects of Epidural
Blockade

The physiological effects of epidural anesthesia
are similar to that of subarachnoid (spinal) anes-
thesia [2]. The key differences are the onset time
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and the segmental nature of the block produced,
due to the restricted epidural spread of the drugs
injected. This is an advantage in certain clinical
situations (e.g., patients with cardiovascular or
respiratory illnesses) where a slower more con-
trolled establishment of blockade is required.

Nervous System

Epidural anesthesia is based on the principle that
local anesthetic drugs injected into the epidural
space can block spinal nerves at their roots when
they leave the spinal cord (Fig. 12.2). Epidural
blockade affects both the autonomic and periph-
eral nervous systems.

Autonomic Nervous System

The sympathetic nerves exit the spinal cord
between T1 and L2 and form a sympathetic chain
(bilaterally). Blockade of these nerves frequently
results in vasodilatation and subsequent hypoten-
sion. Higher blocks affecting T1-T5 (cardioac-
celerator branches) may result in a reduction in
myocardial oxygen demand by reducing inotropy
and chronotropy.

Peripheral Nervous System

Epidurals provide a segmental blockade of the
peripheral nervous system with caudal and ceph-
alad spread from the point of insertion, the der-
matomal distribution of the sensory nerves is
shown in Fig. 12.6. This is in contrast to spinal
anesthesia, which generally provides complete
neural blockade below and, to a variable level,
above the level of injection.

Cardiovascular System

The cardiovascular effects of epidural anesthesia
are a result of sympathetic blockade and depend
on the level of block and dosage of agents used.
Extensive blockade will cause vasodilation,
reduced venous return and hypotension as well as
reduced  adrenal = medullary secretions.
Compensatory vasoconstriction in the upper body
can lead to bradycardia due to the baroreceptor-

Fig. 12.6 The dermatomal distribution of the sensory
nerves

mediated reflex [3]. In selective lumbar and tho-
racic epidurals this feature of compensatory
vasoconstriction in unblocked segments provides
the benefit of hemodynamic stability.

High thoracic blockade affecting T1-T5 will
inhibit the cardioaccelerator sympathetic fibers
causing bradycardia. This provides a theoretical
benefit of reduced oxygen demand, improved
coronary perfusion and oxygenation as long as
the blood pressure is maintained (spontaneously
or pharmacologically).
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Respiratory System

There is minimal effect on the respiratory function
with epidurals unless the level of block produced
is too high. A high thoracic block can affect the
function of the accessory muscles of respiration
causing distress to patients in the form of difficulty
in breathing. Rarely the block can extend above
C5 and the phrenic nerve (C3-CS5) will be affected
causing diaphragmatic paralysis and requiring
mechanical ventilation until the block wears off.

The use of epidural analgesia perioperatively
improves respiratory function as it provides
effective pain relief with minimal motor block,
allowing patients to maintain good respiratory
function and reduce the risk of respiratory com-
plications such as infection and collapse in the
postoperative period.

Gastrointestinal (Gl) System

Effects on the GI system are due to blockade of the
autonomic nervous system; splanchnic nerve block-
ade (T5-L1) leads to unopposed parasympathetic
activity culminating in increased GI secretions,
hypermotility and relaxation of sphincters. These
effects can be beneficial in that a small contracted
bowel improves access during bowel surgery. An
increase in visceral perfusion and early return of
postoperative GI motility are preferable following
bowel operations. Nausea and vomiting associated
with epidural anesthesia are secondary to increased
vagal tone and reduction in blood pressure.

Genitourinary System

Epidural anesthesia has no direct effect on renal
function; however, a sacral blockade (S2—-S4) can
lead to urinary retention, requiring catheteriza-
tion of the bladder.

Effect on Thermoregulation

Shivering is a common feature of epidural injec-
tions and the exact mechanism is still not fully

known. Suggested mechanisms include vasodila-
tation and reduction in core body temperature
and disruption of the normal thermoregulatory
mechanism. The latter is a result of differential
nerve blockade allowing selective conduction of
cold sensation to the thermoregulatory center or
blocking descending inhibitory pathways to the
spinal cord.

Indications

These can be broadly divided into three major
categories: obstetric anesthesia/analgesia, surgi-
cal anesthesia/analgesia and chronic pain
interventions.

Obstetric Analgesia

Epidural analgesia has been used for the treat-
ment of labour pains for over 40 years and is con-
sidered the gold standard for labor analgesia,
despite a number of controversies on its effect on
labor.

Epidurals are not only used for analgesia
but can also be used to “top up” a block to pro-
vide anesthesia for instrumental deliveries,
caesarean sections and other operative