Orthopedics

Baishideng Publishing Group Inc



p World Journal of
Orthopedics

Contents Monthly Volume 13 Number 1 January 18, 2022
EDITORIAL
1 Three-dimensional printing in paediatric orthopaedic surgery

Goetstouwers S, Kempink D, The B, Eygendaal D, van Oirschot B, van Bergen CJ
REVIEW

11 Regional anesthesia for orthopedic procedures: What orthopedic surgeons need to know
Kamel I, Ahmed MF, Sethi A

36 Management of proximal biceps tendon pathology
Lalehzarian SP, Agarwalla A, Liu JN
ORIGINAL ARTICLE
Retrospective Cohort Study

58 Should we use similar perioperative protocols in patients undergoing unilateral and bilateral one-stage
total knee arthroplasty?
Laoruengthana A, Rattanaprichavej P, Samapath P, Chinwatanawongwan B, Chompoonutprapa P, Pongpirul K
Retrospective Study

70 Epidemiology and incidence of paediatric orthopaedic trauma workload during the COVID-19 pandemic:
A multicenter cohort study of 3171 patients
Rasmussen MK, Larsen P, Rolfing JD, Kirkegaard BL, Thorninger R, Elsoe R
Clinical Trials Study

78 Can bedside needle arthroscopy of the ankle be an accurate option for intra-articular delivery of injectable
agents?
Stornebrink T, Stufkens SAS, Mercer NP, Kennedy JG, Kerkhoffs GMMJ
Observational Study

87 High-resolution, three-dimensional magnetic resonance imaging axial load dynamic study improves
diagnostics of the lumbar spine in clinical practice
Lorenc T, Golgbiowski M, Michalski W, Glinkowski W
Prospective Study

102 Comparing shoulder maneuvers to magnetic resonance imaging and arthroscopic findings in patients with
supraspinatus tears
Anauate Nicolao F, Yazigi Junior JA, Matsunaga FT, Archetti Netto N, Belloti JC, Tamaoki MJS

Jaishideng®

WJO | https://www.wjgnet.com I January 18,2022 | Volume13 | Issuel



World Journal of Orthopedics

Contents
Monthly Volume 13 Number 1 January 18, 2022

SYSTEMATIC REVIEWS
112 Long-term outcomes of the four-corner fusion of the wrist: A systematic review

Andronic O, Nagy L, Burkhard MDD, Casari FA, Karczewski D, Kriechling P, Schweizer A, Jud L

Guishidenge WJO | hittps://www.wignet.com 11 January 18,2022 | Volume13 | Issuel |



World Journal of Orthopedics

Contents
Monthly Volume 13 Number 1 January 18, 2022

ABOUT COVER

Editorial Board Member of World Journal of Orthopedics, Stuart Adam Callary, BSc, PhD, Postdoctoral Fellow,
Research Scientist, Senior Lecturer, Department of Orthopaedics and Trauma, Royal Adelaide Hospital, Adelaide
5000, Australia. stuart.callary@sa.gov.au

AIMS AND SCOPE

The primary aim of World Journal of Orthopedics (W]JO, World ] Orthop) is to provide scholars and readers from
various fields of orthopedics with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJO mainly publishes articles reporting research results and findings obtained in the field of orthopedics and
covering a wide range of topics including arthroscopy, bone trauma, bone tumors, hand and foot surgery, joint
surgery, orthopedic trauma, osteoarthropathy, osteoporosis, pediatric orthopedics, spinal diseases, spine surgery,
and sports medicine.

INDEXING/ABSTRACTING

The WJO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (CST]), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020
Journal Citation Indicator (JCI) for WJO as 0.66. The W]O's CiteScore for 2020 is 3.2 and Scopus CiteScore rank 2020:
Orthopedics and Sports Medicine is 87/262.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Y7 Yuan; Production Department Director: Xiang Ii; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Orthopedics https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2218-5836 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
November 18, 2010 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Massimiliano Leigheb https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/2218-5836/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
January 18, 2022 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Boishidenge VIO | https://www.wjgnet.com 111 January 18,2022 | Volume13 | Issuel |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/2218-5836/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Y

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5312/wjo.v13.i1.11

World Journal of
Orthopedics

World | Orthop 2022 January 18; 13(1): 11-35

ISSN 2218-5836 (online)

REVIEW

Regional anesthesia for orthopedic procedures: What orthopedic
surgeons need to know

Ihab Kamel, Muhammad F Ahmed, Anish Sethi

ORCID number: Thab Kamel 0000-
0001-6256-5152; Muhammad Ahmed
0000-0002-4607-1168; Anish Sethi
0000-0002-5629-0735.

Author contributions: Kamel I
contributed to the manuscript
writing, manuscript outline; Sethi
A and Ahmed MF contributed to
the manuscript writing.

Conflict-of-interest statement: The
authors report no conflict of

interests.

Country/Territory of origin: United
States

Specialty type: Orthopedics

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): A, A
Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative

Jaishideng®

WJO | https://www.wjgnet.com 11

lhab Kamel, Muhammad F Ahmed, Anish Sethi, Department of Anesthesiology, Lewis Katz
School of Medicine at Temple University, Philadelphia, PA 19140, United States

Corresponding author: Thab Kamel, MD, MEHP, FASA, Professor, Department of
Anesthesiology, Lewis Katz School of Medicine at Temple University, 3401 N. Broad Street,
Third Floor Outpatient Building, Philadelphia, PA 19140, United States.
thab.kamel@tuhs.temple.edu

Abstract

Regional anesthesia is an integral component of successful orthopedic surgery.
Neuraxial anesthesia is commonly used for surgical anesthesia while peripheral
nerve blocks are often used for postoperative analgesia. Patient evaluation for
regional anesthesia should include neurological, pulmonary, cardiovascular, and
hematological assessments. Neuraxial blocks include spinal, epidural, and
combined spinal epidural. Upper extremity peripheral nerve blocks include
interscalene, supraclavicular, infraclavicular, and axillary. Lower extremity
peripheral nerve blocks include femoral nerve block, saphenous nerve block,
sciatic nerve block, iPACK block, ankle block and lumbar plexus block. The choice
of regional anesthesia is a unanimous decision made by the surgeon, the
anesthesiologist, and the patient based on a risk-benefit assessment. The choice of
the regional block depends on patient cooperation, patient positing, operative
structures, operative manipulation, tourniquet use and the impact of post-
operative motor blockade on initiation of physical therapy. Regional anesthesia is
safe but has an inherent risk of failure and a relatively low incidence of complic-
ations such as local anesthetic systemic toxicity (LAST), nerve injury, falls,
hematoma, infection and allergic reactions. Ultrasound should be used for
regional anesthesia procedures to improve the efficacy and minimize complic-
ations. LAST treatment guidelines and rescue medications (intralipid) should be
readily available during the regional anesthesia administration.

Key Words: Orthopedic surgery; Regional anesthesia; Spinal; Epidural; Combined spinal
epidural; Peripheral nerve blocks; Neuraxial blocks; Upper extremity; Lower extremity;
Interscalene; Supraclavicular; Infraclavicular; Axillary; Femoral; Fascia iliaca; Popliteal;
Sciatic; Saphenous; Adductor canal; Lumbar plexus; Brachial plexus; Ankle; iPACK;
Complication; Local anesthetic systemic toxicity; Nerve injury; Block failure; Continuous
nerve block catheters
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Core Tip: Understanding the fundamentals of regional anesthesia techniques for
orthopedic surgery is essential for superior clinical outcomes and optimal patient
safety. The choice of a regional technique requires a well-informed shared decision
making process that encompass the anatomical coverage of the block, density of the
block, duration of the block, patient positioning considerations, existing comorbidities,
side effects, complications, advantages, disadvantages, positioning and impact on
postoperative recovery. A risk-benefit analysis that achieves superior clinical outcomes
can be only performed if the perioperative team has a profound understanding of the
fundamentals of regional anesthesia administration.

Citation: Kamel I, Ahmed MF, Sethi A. Regional anesthesia for orthopedic procedures: What
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INTRODUCTION

Orthopedic surgery is one of the most rapidly growing surgical specialties in the
world. A total of 22.3 million orthopedic surgical procedures were performed
worldwide in 2017. The number of annual orthopedic procedures is forecasted to
increase 4.9% annually, approaching 28.3 million surgeries by the year 2022[1].
Anesthetic techniques for orthopedic surgical procedures include general and regional
anesthesia techniques. Over the past decades, regional anesthesia has become the
anesthetic technique of choice for many orthopedic procedures. Regional anesthesia
entails the injection of local anesthetic solution to interrupt signal transmission in
peripheral nerves or spinal nerve roots that provide sensory and motor supply to
operative structures.

The use of regional anesthesia for orthopedic procedures mitigates some of the
complications associated with general anesthesia such as nausea, vomiting, airway
trauma, hypoxia, respiratory depression, and the risk of pulmonary aspiration[2,3].
Advantages of regional anesthesia for orthopedic surgeries include superior
postoperative pain control, reduction in opioid consumption, reduced opioid-
associated side effects[4-12], shorter hospital stay[7,8,11-13], early initiation of physical
therapy[7,11], reduced hospital readmission rate[14], higher patient satisfaction[4,11],
faster recovery[15], reduced unanticipated admissions due to uncontrolled pain[16],
improved intraoperative muscle relaxation, decreased intraoperative blood loss[11,
12], and a reduction in postoperative urinary retention and ileus formation[8].

Although regional blocks are often administered by the anesthesiologist, it is
important for the orthopedic surgeon to have an understanding of the relevant clinical
aspects of the blocks in order to optimize patient safety, maximize perioperative
efficiency, and improve clinical outcomes. In this article, we review the techniques of
regional anesthesia used for orthopedic procedures.

TYPES OF REGIONAL ANESTHESIA

Regional anesthesia can be broadly divided into two categories: neuraxial anesthesia
[spinal, epidural, combined spinal epidural (CSE)], and peripheral nerve blocks (upper
and lower extremity blocks).

Neuraxial anesthesia

Neuraxial anesthesia (NA) is the process of placing a needle or a catheter between the
vertebrae and injecting medications into the epidural (epidural anesthesia) or
subarachnoid space (spinal anesthesia). The target of NA is the spinal nerve root.
Medication injected neuraxially is primarily local anesthetics with adjuncts such as
preservative free opioids. NA is commonly used for abdominal and lower extremity
surgeries. The sensory level required for a specific surgery is determined by the extent
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of surgical incision and surgical manipulation. Total hip arthroplasty (THA), open
reduction and internal fixation of femur, and hip fractures require a sensory level of
T10, whereas knee procedures require a sensory level of L1.

Spinal anesthesia is typically administered as a single injection, while epidural
anesthesia is usually administered via an indwelling catheter for continuous infusion.
CSE anesthesia is administered as a combination of both techniques. Anesthetic
duration associated with the single shot approach used in the spinal technique is
limited to the duration of action of the injected medication. The extent of spinal
blockade (level) depends on the total dose of local anesthetic mixture, baricity of the
injected solution, and patient position after the block. An epidural catheter allows for
the continuous infusion of medications prolonging the duration of anesthesia. The
spinal anesthesia needle is typically inserted at the level of L2-L3 interspace or below,
to avoid trauma to the termination of the conus medullaris. The needle insertion point
for epidural anesthesia depends on the extent of the dermatomes required to be
anesthetized for the procedure. For orthopedic procedures, it is usually placed in the
mid to low lumbar region. The extent of epidural blockade is determined by the
volume of local anesthetic injected while density of the block is determined by the
concentration of the local anesthetic. Compared to epidural anesthesia, spinal
anesthesia produces a denser and more reliable block with lower incidence of block
failure.

Peripheral nerve blocks

Peripheral nerve blocks (PNB) entails injecting a local anesthetic (LA) solution in
proximity to a specific nerve or nerve bundle to produce a sensory and motor blockade
of a specific region of the body. The LA blocks the transmission of painful impulse to
the central nervous system. PNB can be used for surgical anesthesia or postoperative
analgesia. It is commonly administered as a single shot, but a continuous infusion
catheter can be placed to prolong the postoperative analgesic effect. PNB is commonly
performed under ultrasound guidance to reduce the risks of intraneural and
intravascular injection of LA, avoid peripheral nerve trauma, and to ensure proper
delivery of the LA for a successful block. Upper extremity nerve blocks are performed
at the level of the brachial plexus. Depending on the surgical site, various nerve blocks
can be performed at different levels of the plexus. These blocks include interscalene
block, supraclavicular block, infraclavicular block, and axillary block. Lower extremity
nerve blocks include femoral nerve block, saphenous nerve block, Sciatic nerve block,
iPACK (Infiltration between the Popliteral Artery and Capsule of the Knee) block,
ankle block, and lumbar plexus block.

EVALUATING THE ORTHOPEDIC PATIENT FOR REGIONAL ANESTHESIA

Prior to considering a regional anesthetic for a patient, a thorough history and targeted
physical examination should be performed to identify risk factors related to the
nervous, pulmonary, cardiovascular, and hematologic systems that may affect the
safety and efficacy of the nerve block. Certain patient factors may increase the
potential for block failure, such as patient obesity[17]. Local skin infection, or systemic
infection, may preclude a patient from receiving a regional anesthetic. The decision to
proceed with a regional anesthesia block should be collectively agreed upon by the
patient, the surgeon, and the anesthesiologist. For patients on anticoagulation /
antiplatelet medications receiving superficial peripheral nerve blocks, the decision to
proceed is largely dependent on a careful analysis of factors including site compress-
ibility, vascularity, and consequences of bleeding, should it occur. This is often
determined on a case-by-case basis.

The nervous system

A comprehensive neurological evaluation should be performed to assess for any pre-
existing nervous system condition or nerve injury in the region of the block. Patients
with multiple sclerosis may experience a flare up of symptoms with spinal anesthesia.
Thus, epidural or general anesthesia may be preferable for these patients. Neuraxial
anesthesia in patients with a history of extensive spine surgery with instrumentation
may be technically difficult and may result in an inadequate anesthetic level. Scoliosis
may increase the difficulty of placing a neuraxial anesthetic. Potential postoperative
motor and sensory weakness after a regional anesthetic should be considered. For
example, lower extremity motor weakness following a femoral nerve block may limit
the patient’s ability to participate in therapy post-operatively; as such, an alternative
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motor-sparing technique should be considered[18].

The respiratory system

Patients who have a history of severe reactive or obstructive airway disease may
benefit from the use of regional anesthesia to avoid airway manipulation and
respiratory depression associated with general anesthesia. Pre-operative pulmonary
function should be assessed, especially during the performance of upper extremity
blocks that may anesthetize the phrenic nerve potentially causing respiratory distress.
This may have significant impact on the respiratory function in patients with asthma,
chronic obstructive pulmonary disease, or pre-existing diaphragmatic dysfunction
[19]. An alternative regional anesthetic approach, such as the axillary block, may be
performed in these patients[19].

The cardiovascular system

Patients with a history of severe cardiovascular disease often have an elevated risk of
major complications after receiving general anesthesia. Regional anesthesia remains an
excellent alternative for these patients and can be associated with lower rates of major
cardiac complications[20]. It is important to consider cardiac contraindications for
certain regional techniques. Neuraxial anesthesia has widely been contraindicated in
the case of severe aortic stenosis and congestive heart failure, due to the sudden
decrease in vascular tone and cardiac output. However, a carefully managed neuraxial
anesthetic may be appropriate for some of these patients[21,22]. Patients with
significant cardiac disease benefit from the gradual onset of epidural anesthesia
allowing for careful and slow titration of LA rather than the rapid onset block induced
by a single-shot spinal anesthetic.

The hematologic system

Patients who have a history of bleeding disorders or are currently receiving antico-
agulants or antiplatelet medications are at an increased risk of bleeding complications
after receiving a regional anesthetic. It is important to perform a thorough review of
the patient’s current medications prior to proceeding with a neuraxial anesthetic or
peripheral nerve block. With the advent of novel anticoagulants, perioperative
guidelines for regional anesthesia should consistently be adhered to[23].

Laboratory findings consistent with thrombocytopenia or coagulopathy may
preclude the administration of regional anesthesia, due to the increased risk of
bleeding. Excessive bleeding in neuraxial anesthesia may lead to a spinal hematoma
and subsequent adverse neurological consequences. The American Society of Regional
Anesthesia (ASRA) has published guidelines for the management of patients receiving
antithrombotic or antiplatelet medications[23]. The ASRA guidelines are reviewed in
Table 1. Patients who are on certain antiplatelet medications, such as low dose aspirin,
may be candidates for peripheral nerve blockade or neuraxial anesthesia[23]. This
decision is based on a risk-benefit assessment, taking into account considerations such
as site compressibility and underlying bleeding disorders.

BLOCKS FOR UPPER EXTREMITY ORTHOPEDIC PROCEDURES

Understanding upper extremity peripheral nerve blockade requires a detailed
knowledge of the brachial plexus anatomy. The muscular and the cutaneous nerve
supply of the upper extremity derives mostly from the brachial plexus. The brachial
plexus is comprised of ventral nerve roots (rami) of 5 spinal nerve (C5-T1) giving rise
to trunks, divisions, cords and terminal branches. The nerve roots merge to form
upper, middle and lower trunks. The 3 trunks split to form 6 divisions which merge to
form 3 cords; lateral, posterior and medial cords. The nerves supplying most of the
upper extremity are the terminal branches of the 3 cords. The cutaneous portion of the
shoulder and upper arm is supplemented by nerves that are not part of the brachial
plexus[24]. The superior aspect of the shoulder receives sensory innervation by the
superficial cervical plexus (C3-C4) via the supraclavicular nerve. Seventy percent of the
sensory innervation to the shoulder comes from the superior trunk via the supras-
capular nerve with most of the contributions being from the C5 and C6 nerve roots
[25]. The axilla is innervated by the second thoracic nerve root. The brachial plexus is
blocked at four different levels: At the level of roots-trunks via the interscalene block,
at the level of trunks-divisions via the supraclavicular block, at the level of cords via
the infraclavicular block, and at the level of the terminal branches via the axillary
block. A summary of upper extremity peripheral nerve blocks is included in Table 2.
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Table 1 American Society of Regional Anesthesia guidelines for anticoagulant and antiplatelet drugs

Minimum time between last dose of Minimum time after nerve/neuraxial

Minimum time between last dose Minimum time between neuraxial injection or

Medication medication and neuraxial injection or catheter cathether placement and administration of e
of drug and cathether removal cathether removal and administration of drug

placement drug

Anticoagulants for venous thromboembolism prophylaxis

Enoxaparin (Lovenox); 12h >212h 212h 4h

prophylaxis, once daily

Enoxaparin (Lovenox); 12h Contraindicated while catheter in place 4h

prophylaxis, b.i.d.

Heparin SQ; prophylaxis; 4-6h Immediately 4-6h Immediately

low-dose, b.i.d. and t.i.d.

Heparin SQ; prophylaxis; 12 h and assessment of coagulation status Safety of indwelling catheters has not been established for doses > 5000 Units SQ or total Immediately

higher-dose, b.i.d. and t.i.d. daily dose > 15000 Units SQ. Risk/benefit assessment required

Dalteparin (Fragmin); 12h >212h 12h 4h

prophylaxis, once daily

Anticoagulants at therapeutic doses

Heparin IV; full Dose 4-6 h and normal coagulation status 1 h, with close monitoring 4-6 h and normal coagulation status ~ 1h

Heparin SQ; therapeutic dose 24 h and assessment of coagulation status Contraindicated while catheter in place Immediately

Enoxaparin (Lovenox); 24 h, consider checking anti-factor Xa level Contraindicated while catheter in place 4h

therapeutic dose

Apixaban (Eliquis) 72h Contraindicated while catheter in place 6h

Rivaroxaban (Xarelto) 72h Contraindicated while catheter in place 6h

Warfarin (Coumadin) 5 d and normal INR Variable instructions regarding management of catheter Immediately

Anti-platelet medications

NSAID’s No restrictions, may increase risk of bleeding

Aspirin No restrictions, may increase risk of bleeding

Plavix 5-7d 24 h postoperatively; catheter may be maintained for 1-2 d due to delayed antiplatelet Immediately if no loading dose given
effect

Ticlodipine (Ticlid) 10 days 24 h postoperatively; catheter may be maintained for 1-2 d due to delayed antiplatelet Immediately if no loading dose given
effect

Ticagrelor (Brillinta) 5-7d Contraindicated while catheter in place Immediately if no loading dose given
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NSAID: Non-steroidal anti-inflammatory drug.

Table 2 Summary of upper extremity peripheral nerve blocks

Block Clinical application Nerves blocked Anatomical landmarks Advantages Disadvantages Complications
Interscalene Surgeries involving the (1) Brachial plexus:C5 to C7; LA injected between anterior and (1) Easy to perform; and (1) Hemidiaphragmatic paralysis leading to (1) Phrenic nerve palsy
nerve block shoulder, proximal aspect of and (2) Cervical plexus: middle scalene muscles lateral to (2) Comfortable for the  respiratory compromise in patients with severe (100%); (2) Horner

Supraclavicular
nerve block

Infraclavicular
nerve block

Axillary nerve
block

humerus and the distal aspect of
the clavicle

Surgery of the arm, elbow,
forearm and hand. Extension
into the interscalene area can
cover shoulder procedures

Surgery of the arm, elbow,

forearm and hand

Surgery of the elbow, forearm
and hand

Supraclavicular nerve (C3and  carotid artery and internal jugular vein patient

Ca)

C5-T1

C5-T1

Median nerve, ulnar nerve,
radial nerve, and
musculocutaneous nerve

forearm or hand surgeries

LA injected above the clavicle between (1) Fast onset; (2) Easier ~ Relatively higher incidence of pneumothorax

anterior and middle scalene muscles at  to perform; and (3)
the level of the first rib, where the Comfortable for the
subclavian artery crosses over it patient

LA injected around the axillary artery ~ Good choice for catheter (1) Deeper block to perform; and (2) Greater

below the clavicle, medial to coracoid ~ placement discomfort during block placement

process

LA injected around the axillary artery (1) Easy to perform; and (1) Often spares the musculocutaneous nerve;

at the medial aspect of proximal arm (2) Low complication and (2) Requires arm abduction
rate

COPD; and (2) Not sufficient for elbow,

syndrome; and (3)

Hoarseness

(1) Pneumothorax; (2)

Phrenic nerve palsy; and

(3) Hoarseness

Pneumothorax (relatively

low incidence)

(1) Hematoma formation;

and (2) Intravascular

injection

COPD: Chronic obstructive pulmonary disease.

JBaishideng®
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Interscalene block

The interscalene block is performed at the level of roots-trunks of the brachial plexus.
The interscalene block results in anesthesia of C5 through C8, and also blocks the
supraclavicular branches of the cervical plexus C3 and C4, which supplies the skin
over the acromion and the clavicle. The inferior trunk (C8-T1) is usually spared; an
effect referred to as ulnar sparing. Thus, if this block is performed for procedures at or
distal to the elbow, an additional ulnar nerve block is required. The coverage of this
nerve block makes it effective for procedures involving the shoulder, proximal aspect
of humerus and the distal aspect of the clavicle[25].

The interscalene block targets the brachial plexus between the anterior and middle
scalene muscle, lateral to the carotid artery and internal jugular vein, directly above
the clavicle. Complications associated with the interscalene block include phrenic
nerve blockade with an incidence near 100 percent[26,27], sympathetic chain blockade
causing Horner’s syndrome, inadvertent injection in the vertebral artery, recurrent
laryngeal nerve blockade causing hoarseness, and peripheral neuropathy[28]. Rare
complications include pneumothorax, epidural injection, intrathecal injection leading
to total spinal anesthesia, spinal cord damage, and dorsal scapular or long thoracic
nerve injury. Due to the high incidence of phrenic nerve blockade, the interscalene
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block is contraindicated in patients with severe pulmonary disease due to elevated risk
of respiratory compromise. In an otherwise healthy individual, respiratory
compromise is uncommon and the block is well-tolerated.

Supraclavicular block

The supraclavicular block targets the brachial plexus superior to the clavicle at the
level of the trunks and divisions. It involves the C5-C7 distribution from the more
superficial and lateral branches which supply the shoulder, lateral aspect of arm, and
forearm, as well as the deeper and more medial contingent branches of C8 and T1
which supply the hand and medial aspect of forearm. Adequate spread of local
anesthetic in both areas is necessary for successful nerve block of the arm and hand
[25]. The supraclavicular block involves injection of local anesthetic between anterior
and middle scalene muscles at the level of the first rib, where the subclavian artery
crosses posterior to the midpoint of the clavicle.

The supraclavicular block results in anesthesia of the upper limb that includes the
shoulder because all the trunks and divisions of the brachial plexus are tightly packed
and can be anesthetized at this location. Due to the density and extent of the supracla-
vicular block, it is colloquially known as the “spinal of the arm”. Indications of this
nerve block include surgery of the hand, forearm, elbow, and arm. The proximal
medial side of upper arm is spared since that is supplied by the intercostobrachial
nerve (T2), which can be anesthetized separately.

Complications associated with supraclavicular block include pneumothorax (0.6%
to 6.1%) as the apical pleural is in close proximity to the nerve block. The prevalence of
pneumothorax can reach 0% with proper ultrasound usage[29]. Other complications of
the supraclavicular block include phrenic nerve blockade resulting in hemidiag-
hragmatic paresis (17% to 50%) and recurrent laryngeal nerve blockade leading to
hoarseness in (22 %)[30,31].

Infraclavicular block

The infraclavicular block targets the brachial plexus at level of the cords before the
branching of the axillary and the musculocutaneous nerves. It results in anesthesia of
the upper limb below the shoulder, including the arm, elbow, forearm and hand,
sparing the medial proximal upper arm, which is supplied by intercostobrachial nerve
(T2)[25].

The infraclavicular block involves the injection of local anesthetic surrounding the
axillary artery below the clavicle. Under ultrasound guidance, the local anesthetic is
injected surrounding the axillary artery in a U-shaped pattern covering the all three
cords of the brachial plexus. The infraclavicular block has a low prevalence of
pneumothorax at 0.7%[32].

Axillary block

The axillary block is performed at the level of the branches of the brachial plexus. It
anesthetizes the median nerve, the ulnar nerve, the radial nerve, and the musculocu-
taneous nerve, resulting in anesthesia of the upper limb from mid-arm extending
distally to the elbow, forearm, and hand. It is to note that this block does not block the
axillary nerve; rather the name of this regional technique is derived from the approach.
In order to perform this block, the patient is positioned supine with the arm abducted
to 90 degrees. Under ultrasound guidance the median, ulnar and radial nerve are
identified surrounding the axillary artery. The nerve bundles are surrounded by three
muscles-the biceps is located anterior and superficial, the coracobrachialis is located
anterior and deep and the conjoined tendon of the teres major and latissimus dorsi is
located medial and posterior. The musculocutaneous nerve is located between the
fascial layers of coracobrachialis and biceps muscles. If required, the medial side of
upper arm can be blocked separately. The axillary nerve block carries the risk of
hematoma formation and intravascular injection, due to its close proximity to the
axillary artery and vein. The need to abduct the arm to perform this block may be
difficult with certain upper extremity injuries. In such case, other upper extremity
blocks such as supraclavicular block can be utilized.

BLOCKS FOR LOWER EXTREMITY ORTHOPEDIC PROCEDURES

Neuraxial blocks for lower extremity procedures
Neruraxial anesthesia results in the blockade of sympathetic, motor, and sensory
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nerves, which leads to unopposed parasympathetic tone. Major physiologic effects of
neuraxial anesthesia include hypotension, bradycardia, hypothermia, nausea and
vomiting, and high neuraxial blockade leading to respiratory depression[33,34]. There
are several benefits to using neuraxial anesthesia for lower extremity orthopedic
surgery that include reduced incidence of deep venous thrombosis in patients
undergoing hip and knee replacement surgery, decreased intraoperative blood loss
and transfusion requirements, and improved postoperative cognition[2,3,35,36]
.Decreased intraoperative blood loss is likely due to a reduction in venous pressure
from the sympathetic blockade. Multiple studies have showed that neuraxial

anesthesia reduces the risk of postoperative deep venous thrombosis by at least 50%
[36].

Spinal anesthesia

Spinal anesthesia is used for orthopedic procedures including total knee arthroplasty
(TKA) and THA. Spinal anesthesia is usually performed with the patient in the sitting
position while being continuously monitored. Also, it can be performed in the lateral
decubitus position when the patient’s condition does not permit sitting.

The complications and adverse effects associated with spinal anesthesia include:
high spinal anesthesia, inadequate or failed spinal anesthesia, nerve injury, urinary
retention, postdural puncture headache, transient neurologic symptoms, infection, and
spinal-epidural hematoma

Epidural anesthesia

Epidural anesthesia and analgesia can be utilized as an effective technique to either
supplement general anesthesia or as the primary anesthetic approach for lower
extremity orthopedic surgical procedures. Moreover, epidural anesthesia may be
supplemented with peripheral nerve blockade to decrease postoperative pain.
Common indications for epidural anesthesia in orthopedic surgery include THA, TKA,
foot/ankle surgery, and major knee surgery.

Epidural anesthesia is better suited for elderly patients with cardiac comorbidities
that limit their ability to tolerate the sudden sympathetic blockade and the resulting
hypotension associated with spinal anesthesia[37,38]. An epidural catheter may be
incrementally dosed to slowly obtain an adequate surgical anesthetic level, thereby
decreasing major rapid fluctuations in blood pressure[39]. Additionally, the epidural
catheter can be continuously dosed during the surgery and may remain in place
postoperatively for analgesic purposes[39].

With the advent of peripheral nerve blockade, the role of epidural analgesia strictly
for postoperative pain has been decreasing in use. When comparing epidural analgesia
with peripheral nerve blockade in patients who underwent TKA, a meta-analysis
showed equivalent pain scores and morphine consumption between both groups up to
48 h postoperatively (Fowler, S] 2008)[40]. Additionally, the use of epidural analgesia
was associated with a higher incidence of urinary retention and hypotension,
suggesting that peripheral nerve blockade provides equivalent postoperative analgesia
with a favorable side-effect profile[40,41].

Serious complications of epidural anesthesia are extremely rare (0.03%), but can be
potentially devastating[42]. These complications include epidural hematomas,
epidural abscesses, nerve damage, infection, and cardiovascular instability[42].
Absolute contraindications to epidural anesthesia include patient refusal, local
infection at puncture site, and severe coagulation disorders. Relative contraindications
include sepsis, elevated intracranial pressure, anticoagulant use, bleeding disorders,
fever, aortic stenosis, pre-existing neurologic injury, prior spine surgery, and place-
ment in anesthetized individuals[43].

COMBINED SPINAL-EPIDURAL

The CSE anesthetic is a technique which combines many of the benefits of epidural
and spinal anesthetics in a single approach. It may be utilized in patients undergoing
lower extremity orthopedic procedures who require surgical anesthesia with the
added ability to add epidural anesthetics for intraoperative or postoperative uses[44].
As with alternative neuraxial techniques, the CSE may be utilized for patients
undergoing hip and knee arthroplasty, femur fractures, major knee surgery, and
foot/ankle surgery[45].

This technique is performed by injecting an anesthetic solution in the subarachnoid
space (coaxial needle placement via epidural needle), followed by placing an
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indwelling epidural catheter. The CSE technique provides the rapid onset of spinal
anesthesia with the prolonged and flexible duration of an epidural catheter[46]. With
the CSE technique, surgical anesthesia is achieved rapidly, saving 15-20 min compared
to epidural anesthesia[44]. The epidural catheter may be left in place to supplement
inadequate spinal anesthesia, prolong surgical anesthesia, and to provide
postoperative pain control[44].

The CSE can be used in high-risk patients, in order to facilitate careful titration of
epidural anesthetics after surgical anesthesia is initiated with a reduced dose of
intrathecal local anesthetic[44]. This can prevent sudden decreases in systemic blood
pressure.

Caution should be exercised when intrathecal or epidural long-acting opioids are
administered, due to the risk of delayed respiratory depression[47]. The success rate of
CSE is higher than has been demonstrated with epidural anesthesia alone[44]. There is
a theoretical risk that the epidural catheter may migrate or is non-functioning, which
will only be discovered once the spinal blockade begins to diminish, thereby
necessitating conversation to general anesthesia[44]. Overall, the CSE remains an
excellent anesthetic and analgesic technique in patients undergoing lower extremity
orthopedic surgery. While the combined spinal-epidural approach has several benefits
over spinal or epidural anesthesia, there is a risk that the epidural may become
dislodged during patient positioning. This may not be detected until later in the case,
as the spinal anesthetic will provide reliable anesthesia for the first portion of the case,
and may mask a poorly-functioning epidural. This may necessitate the administration
of sedatives or the conversion to general anesthesia depending on the surgical case.
Patients should be considered fall-risks until their neuraxial anesthetic has completely
worn off. Moreover, return of motor function often occurs prior to the recovery of
functional balance. As such, the first ambulation following neuraxial anesthesia should
be performed with caution.

LOWER EXTREMITY PERIPHERAL NERVE BLOCKS

Peripheral nerve blocks may be utilized either as the primary anesthetic modality or as
adjuncts to general or neuraxial anesthesia. Due to anatomical limitations in
successfully achieving adequate surgical anesthesia through peripheral nerve
blockade, lower extremity nerve blocks are typically utilized as an adjunct to general
or neuraxial anesthesia. Advances in regional anesthesia have allowed for increased
applications of peripheral nerve blocks while minimizing potential side effects such as
undesirable motor blockade[16]. A summary of lower extremity peripheral nerve
blocks is included in in Table 3.

Femoral nerve block

The femoral nerve block is indicated for lower extremity procedures involving the
anterior aspect of the thigh and medial aspect of the leg below the knee. Common uses
of the femoral nerve block include providing analgesia for TKA, anterior cruciate
ligament reconstruction, quadriceps tendon repair, surgery to the foot, and surgery to
the ankle. The femoral nerve block may be combined with other regional anesthetic
techniques, such as the sciatic nerve block, to expand the distribution of the anesthetic
block, particularly below the knee[16].

The femoral nerve block has been reported to effectively reduce pain and assist with
rehabilitation after TKA[48,49]. Patients who received femoral nerve block for knee
surgery had fewer unplanned hospital admissions during outpatient surgery [50]. At
one major academic center, patients who underwent anterior cruciate ligament (ACL)
repair with the assistance of regional anesthesia for postoperative pain control were
able to bypass the PACU 82% of the time and were able to avoid hospital admission
96% of the time; both of these values translated into significant hospital cost savings
[51].

Absolute contraindications to femoral nerve block include patient refusal and
allergy to local anesthetics. Relative contraindications to femoral nerve block include
concurrent anticoagulation use, coagulopathy, previous ilioinguinal surgery, local
infection, preexisting femoral neuropathy, or large inguinal lymph nodes[16].

Anatomically, the femoral nerve is the largest branch of the lumbar plexus and
arises from the ventral rami of the L2-L4 spinal nerve roots[16]. It enters the femoral
triangle directly inferior to the inguinal ligament and lies lateral to the femoral artery
[52]. The femoral nerve splits distally to the anterior and posterior divisions. The
anterior division, gives rise to the medial femoral cutaneous nerve while the posterior
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Table 3 Summary of lower extremity peripheral nerve blocks

Block

Clinical application

Nerves blocked

Anatomical landmarks

Advantages

Disadvantages

Complications

Femoral nerve(Femoral
nerve block)

Femoral nerve (Fascia
Tliaca block)

Sciatic nerve (Anterior,
transgluteal, and
subgluteal approaches)

Sciatic nerve (Popliteal

Block)

Saphenous nerve (Femoral
triangle, medial femoral
condyle, tibial tuberosity
approaches)

Saphenous nerve
(Adductor Canal block)

iPACK

Ankle

Lumbar plexus

Surgeries involving
anterior aspect of the
thigh and medial aspect
of the leg below the knee

Surgeries involving
anterior aspect of the
thigh and medial aspect
of the leg below the knee

Surgeries involving foot,

ankle, and posterior knee

Surgeries involving foot,
ankle, posterior knee

Surgeries involving
medial aspect of knee,
foot, and ankle

Surgeries involving
medial aspect of knee,
foot, and ankle

Surgeries involving the
posterior knee capsule

Foot surgery

Hip surgery

Femoral nerve

(1) Femoral nerve; and (2)
Lateral femoral cutaneous
nerve of the thigh

Sciatic nerve

Sciatic nerve

Saphenous nerve

(1) Saphenous nerve; and
(2) Nerve to vastus
medialis (branch of
femoral nerve)

Articular branches of the
tibial, common peroneal,
and obturator nerve to the
posterior aspect of the
knee

Saphenous, sural, posterior
tibial, superficial peroneal,
and deep peroneal nerves

Lumbar plexus, providing
blockade to femoral,
obturator, and lateral
femoral cutaneous nerves

Inguinal crease; located
lateral to femoral artery

Inguinal crease, LA
injected under fascia
iliaca

Variable, based on
injection site

Popliteal fossa, located
cephalad to the knee near
popliteal artery

Variable, based on
injection site

Medial thigh, located
deep to the sartorius
muscle, adjacent to the
femoral artery and vein.

Popliteal crease, located
cephalad to femoral
condyles

Ankle and foot bony
landmarks

Lateral to lumbar spine,
located cephalad to iliac
crest

(1) Broad coverage; and (2)
Easily identifiable landmarks

(1) Easily identifiable
landmarks; and (2) Assist in
optimal patient positioning for
spinal anesthesia

(1) Broad lower extremity
coverage; and (2)
Easilyidentifiable landmarks

(1) Broad lower extremity
coverage; and (2)

Easilyidentifiable landmarks

Motor-sparing

Motor-sparing

Motor-sparing, increased
posterior knee coverage

Injection based on surface
landmarks, no requirement for
ultrasound

Coverage of multiple nerves
with a single block

Causes quadriceps weakness which may lead

to falls

(1) Causes quadriceps weakness which may
lead to falls; and (2) Large volume of local

anesthetic required

Motor blockade

Motor blockade

Does not provide anesthesia and analgesia to

the posterior capsule of knee

(1) Does not provide anesthesia and analgesia

to the posterior capsule of knee; and (2)

Compared to femoral nerve block, it is less

efficacious for analgesia after ACL
reconstruction surgery

Coverage only to posterior knee; useful as an

adjunct to alternative blocks

Limited efficacy for surgery proximal to the
foot, potential higher failure rate due to blind

technique

High potential for complications and block

failure, technically challenging block to
perform

(1) LE weakness and falls; (2) Bleeding;
(3) Infection; and (4) Nerve damage

(1) LE weakness and falls; (2) Bleeding;
(3) Infection; and (4) Nerve damage

(1) Bleeding; (2) Infection; and (3)
Nerve damage, persistent foot drop
and heel ulcers

(1) Bleeding; (2) Infection; and (3)
Nerve damage, persistent foot drop
and heel ulcers

(1) Bleeding; (2) Infection; and (3)
Nerve damage - Potential lower
extremity weakness at high doses

(1) Bleeding; (2) Infection; (3) Nerve
damage; and (4) Potential lower
extremity weakness at high doses

Inadvertent motor block due to local
anesthetic spread to sciatic nerve
branches

(1) Bleeding; (2) Infection; and (3)
Nerve damage

(1) Bleeding and hematoma; (2)
Infection; (3) Nerve damage; (4)
Epidural spread resulting in high
neuraxial anesthesia; (5) Hypotension,
and (6) LAST

ACL: anterior cruciate ligament; LAST: local anesthetic systemic toxicity.

JBaishideng®

WJO | https://www.wjgnet.com

20

January 18,2022 | Volume13 |

Issue 1



Jaishideng®

Kamel I et al. Regional anesthesia for orthopedic surgery

division gives rise to the saphenous nerve.

The femoral nerve provides sensory innervation to the anterior thigh and medial
aspects of the calf, foot, and ankle[16]. The femoral nerve additionally provides motor
innervation to muscles of the lower extremity, including the quadriceps, sartorius, and
pectineus muscles. As such, the femoral nerve block will cause weakness of the
quadriceps muscles[53-55]. This may result in decreased patient mobility and may
potentially increase the risk of falls. Thus, patients should not be ambulating without
assistance after a femoral nerve block[18].

The quadriceps weakness associated with the femoral nerve block has decreased its
clinical use for providing post-operative analgesia for patients undergoing TKR.
Motor-sparing regional anesthesia techniques are often favored for these patients, such
as blocks targeting the saphenous nerve which provides sensory innervation to the
anterior and medial aspects of the knee[56,57]. Weakness induced by a femoral nerve
block may be assessed by manual muscle testing[58]. Recommendations to minimize
post-operative falls in patients receiving this block include utilizing ambulation-
assistive devices, patient and staff education, and considering post-operative immobil-
ization until muscle strength is regained[16]. Data supports the use of femoral nerve
block over adductor canal block for ACL reconstruction, despite the increased risk of
quadriceps weakness[59,60].

The femoral nerve block is often well-tolerated by patients, as the needle only
traverses through the skin and adipose tissue of the inguinal region. Complications
associated with the femoral nerve block are rare, and include nerve injury,
intravascular injection, and quadriceps weakness[61]. The femoral nerve block is
performed by positioning the patient in a supine position with the targeted limb
placed slightly abducted and externally rotated. The femoral nerve is identified lateral
to the femoral artery. The femoral nerve is located deep to the fascia lata and fascia
iliacia, and superficial to the iliopsoas muscles.

Fascia iliaca block

The fascia iliaca block is a regional anesthetic technique which provides anesthesia to
the femoral nerve and lateral femoral cutaneous nerve[62]. It is used in patients who
have sustained traumatic hip fractures or for analgesia following hip surgery. This
block may be performed pre-operatively while the patient is awaiting their surgery,
and has been shown to provide rapid analgesic benefit[63]. Moreover, patients
reported improvements with passive hip flexion, which allowed them to sit up in bed
pre-operatively[64]. Faster time to fascia iliaca block has been shown to reduce opioid
use, pain, and hospital length-of-stay in patients with hip fractures[65]. Pain relief after
fascia iliaca block has been shown to be superior to systemic intravenous opioid
therapy and this block can be performed upon presentation to the emergency
department[66]. The fascia iliaca block may also assist with optimally positioning these
patients for spinal anesthetic placement for surgical femur fracture repair[67,68].

The fascia iliaca block is performed by injecting a relatively large volume of local
anesthetic (20-30 cc) under the fascia iliaca above the level of the inguinal crease. The
goal of this block is to spread local anesthetic laterally to the iliac spine and medially to
the femoral nerve, and is typically performed under ultrasound-guidance[62]. The
femoral nerve and lateral femoral cutaneous nerve lie deep to the fascia iliaca, and as
such, are blocked during this injection[69-71]. The femoral nerve component provides
blockade to the anterior and medial thigh, and the lateral femoral cutaneous nerve
component provides anesthesia to the anterolateral thigh.

Saphenous nerve block
The saphenous nerve block is indicated for various lower extremity orthopedic
procedures involving the knee, foot, or ankle. It may be used as a sole nerve block, or
in conjunction with the sciatic nerve block to provide increased anatomical coverage
for surgery to the medial aspect of the foot and ankle[16]. The saphenous nerve block
results in sensory anesthesia of the medial aspect of the leg down to the foot and ankle.
There are various approaches to performing a block of the saphenous nerve. With
the use of ultrasonography, the saphenous nerve block is often performed subsar-
torially at the adductor canal; hence, this block is referred to as the “adductor canal
block”. Alternative locations to perform a saphenous nerve block include the femoral
triangle, the medial femoral condyle, or the level of the tibial tuberosity.

Adductor canal block

The adductor canal block provides effective analgesia for surgery to the knee and
medial aspect of the lower extremity. It may be used as part of a multimodal analgesic
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pathway for patients undergoing TKA to facilitate earlier ambulation, improve patient
comfort, and enhance patient satisfaction[72]. Over half of the patient’s undergoing
TKA will likely experience moderate-to-severe post-operative pain which can
subsequently result in increased length-of-stay, immobility-related complications, and
decreased patient satisfaction[73]. As a result, safe and effective regional anesthetic
techniques are of paramount importance to these patients[73,74].

While the femoral nerve block can provide effective analgesia for patients
undergoing total knee arthroplasty, it can be associated with quadriceps muscle
weakness which may increase the risk of falls[18]. As a result, the adductor canal block
is often a favorable alternative used for post-operative analgesia for patients
undergoing TKR[56,57]. Compared to the femoral nerve block, the adductor canal
block results in significant quadriceps motor sparing and significantly preserved
balance while still maintaining a similar degree of postoperative pain relief[53-55].
This allows for effective pain control with the ability to promote early mobilization
and ambulation post-operatively[75].

The adductor canal block has been evaluated for its potential analgesic use in
patients undergoing ACL reconstruction. The adductor canal block has theoretical
advantages for this patient population, including preserved quadriceps strength
fulfilling the requirements of short hospital stay and immediate mobilization for
outpatient ACL reconstruction. Currently, the data has been inconsistent in supporting
the routine use of the adductor canal block over the femoral nerve block for ACL
reconstruction with regards to analgesic equivalence; as such, the femoral nerve block
for ACL reconstruction remains an appropriate option[60,76-78].

The adductor canal block can be combined with various other regional techniques to
increase the overall distribution of analgesia[16]. A limitation of the adductor canal
block as a sole nerve block is that it will only produce anesthesia to the anteromedial
side of the knee[73]. Patients undergoing knee surgery report improved pain relief by
combining the adductor canal block with periarticular injections of local anesthetic by
the surgeon[79-81]. The addition of the iPACK block may offer patients improved pain
relief and earlier ambulation by providing anesthesia to the posterior capsule of knee
[82].

Complications from an adductor canal block are rare and potentially include
bleeding, infection, and nerve damage[83]. It is important to note that while the
saphenous nerve block is a sensory nerve block, an injection of a large volume of local
anesthetic into the adductor canal may result in a partial motor block of the vastus
medialis due to a blockade of the femoral nerve’s branch to the vastus medialis[84]. As
a result, caution must be exercised with patients ambulating without support after
receiving an adductor canal block.

The adductor canal block has widely become the standard of care for analgesia for
total knee arthroplasty. The downside to the adductor canal block is that often times
direct sonographic visualization of the saphenous nerve is not achieved; rather, local
anesthetic is deposited within the anatomic region of the adductor canal. It is likely
that motor-sparing blocks will increase in their use for a wide array of lower extremity
surgical procedures, especially in the ambulatory surgical setting.

iPACK block

The iPACK block has been increasingly utilized in TKA to provide analgesia to the
posterior compartment of the knee without compromising lower extremity strength. It
targets the medial and lateral superior genicular nerves to provide adequate posterior
knee capsule analgesia[85]. The combination of the iPACK block with the ACB
provides a larger distribution of anesthetic coverage, by ensuring both anteromedial
and posterior joint coverage[73,586].

Recent data indicates the iPACK block, used in conjunction with the adductor canal
block and periarticular injection for TKA, substantially decreased pain at rest and on
ambulation postoperatively[82,87]. This resulted in earlier hospital discharge,
decreased opioid requirements, and earlier ambulation[82].

To perform iPACK block the needle is inserted in the medial thigh under ultrasound
guidance. Typically, a total volume of 15-20 cc of a local anesthetic solution is utilized
for this block. During the performance of this block, it is important to avoid
inadvertent local anesthetic spread to the tibial or common peroneal nerve, which may
result in undesirable motor weakness[88].

The IPACK block can be quite uncomfortable for awake patients to undergo, given
the needle positioning and needle depth. As such, in certain patients, this block may be
performed after the patient has been sedated in order to facilitate proper needle
placement. It is likely that in the future the IPACK block will be utilized in
combination with the adductor canal block as the standard of care for providing
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“circumferential” analgesic coverage for knee surgery. That being said, caution should
be exercised to the total volume of local anesthetic utilized in order to avoid
inadvertent local anesthetic systemic toxicity.

Sciatic nerve block

The sciatic nerve block is indicated for lower extremity orthopedic procedures
involving the foot, ankle, and posterior knee. The sciatic nerve block may be used as a
singular block, as in the case of an achilles tendon repair, or in conjunction with the
femoral or saphenous nerve block to obtain anesthetic coverage for knee surgery or
foot/ankle surgery, respectively[16]. The sciatic nerve is formed from the anterior rami
of L4 to S3 and is the largest nerve in the body[89]. The terminal branches of the sciatic
nerve are the tibial nerve and common peroneal nerve. The sciatic nerve block
provides anesthesia to the posterior aspect of the knee, hamstrings, and the entire limb
below the knee (motor and sensory innervation), with the exception of medial lower
extremity and foot, which is supplied by the saphenous nerve.

The sciatic nerve may be blocked in several locations, depending upon the region of
the limb requiring anesthetic blockade. The anterior approach of the sciatic nerve block
is performed on the proximal medial thigh. The transgluteal approach is performed on
the posterior buttock, between the ischial tuberosity and greater trochanter. The
subgluteal approach is performed posteriorly on the gluteal crease. Commonly, the
sciatic nerve block is performed at the level of the popliteal fossa, known as the
“popliteal block”.

Popliteal block

The popliteal block is performed in conjunction with the saphenous nerve block for
surgery involving the foot and ankle[16]. The popliteal fossa is the region where the
sciatic nerve divides into its two major terminal branches, the tibial nerve and common
peroneal nerve[89]. The popliteal block is often performed proximal to the bifurcation
of the tibial and common peroneal nerves; however, a recent study suggests that a
popliteal block distal to the sciatic nerve bifurcation may result in 30% faster onset of
the blockade while still achieving blockade of the terminal branches[90]. Additionally,
injection of local anesthetic distal to the bifurcation of the sciatic nerve provides
superior sensory block of the lower extremity[91].

Potential complications from the sciatic nerve block are rare, and include nerve
injury, bleeding, and intravascular injection[92]. Nerve injury may be manifested as a
persistent foot drop with potential pressure necrosis[16].

The popliteal sciatic nerve block is performed with the patient in the supine position
with the affected limb placed in an elevated position with the assistance of blankets or
towels for positioning. The knee joint is slightly flexed, and the ultrasound transducer
is placed on the posterior aspect of the knee within the popliteal crease. Caution
should be exercised to avoid entering the nerve bundle or inadvertently injecting the
popliteal artery.

Ankle block

The ankle block can be performed to provide anesthesia to the foot. All types of foot
surgery can be performed with the ankle block, including forefoot reconstruction,
bunionectomy, osteotomy, and amputation. The ankle block is effective for providing
pain relief for foot fractures, soft tissue injuries, and gout. The ankle block has several
benefits over alternative regional techniques. It is performed through anatomic
landmarks, and does not require ultrasonography to perform; however, data suggests
that the addition of ultrasound-guidance may improve the clinical efficacy of the ankle
block[93].The ankle block is motor-sparing; however, the ankle block may result in
mild impairment to ambulation.

The ankle block is performed by blocking the five peripheral nerves at the level of
the ankle. The medial aspect of the foot is innervated by the saphenous nerve, which is
a branch of the femoral nerve. The remainder of the foot is innervated by branches of
the sciatic nerve —the sural nerve, the posterior tibial nerve, the superficial peroneal
nerve, and the deep peroneal nerve[94].

Compared to the ankle block for forefoot surgery, the popliteal block provided
improved analgesia and decreased opioid requirements in the immediate post-
operative period[95].

Contraindications to the ankle block include local infection, burn, soft tissue injury,
scarring, or distorted anatomy in the region of the block. Potential complications of the
ankle block are rare, and include bleeding, infection, and nerve damage[96].

WJO | https://www.wjgnet.com 23 January 18,2022 | Volume13 | Issuel |



Kamel I et al. Regional anesthesia for orthopedic surgery

Jaishideng®

The ankle block is often underutilized as a technique to provide analgesia to the
midfoot and forefoot. As it does not require ultrasound to perform, it can be reliably
performed in settings which may not be equipped with an ultrasound. Moreover, it
may be performed upon presentation to the emergency room for providing pain relief
for foot fractures or soft tissue injury, as part of a multimodal analgesic plan. The ankle
block may also be performed by the surgeon intraoperatively for post-operative
analgesia.

Lumbar plexus block

The lumbar plexus block is indicated for lower extremity procedures and has been
shown to be useful for hip surgery, including arthroplasty and fracture repair. By
performing this regional anesthetic, blockade of the femoral, obturator, and lateral
femoral cutaneous nerve can be achieved. Various techniques have been described for
this block. The ultrasound-guided shamrock technique, first described in 2013,
provides sufficient sonographic visibility of the target plexus[97]. In this technique, an
ultrasound-probe is placed in an axial orientation cephalad to the iliac crest approx-
imately along the posterior axillary line. The lumbar plexus block can be combined
with the sacral plexus block to provide effective anesthesia for hip surgery; this
provides for an alternative to spinal anesthesia which may cause prolonged periods of
hypotension[98].

With the advent of alternative regional anesthesia techniques, the lumbar plexus
block has seen a decrease in clinical use. These peripheral blocks are often performed
with greater ease and reliability by most anesthesiologists, and are better tolerated by
patients. Moreover, the potential for serious complications is higher for the lumbar
plexus block when compared to alternative peripheral nerve blocks. The fascia iliaca
block can be utilized as an alternative for analgesia after hip surgery and has been
shown to provide non-inferior pain relief[99,100]. In Addition, the fascia iliaca block is
often easier to perform from a technical perspective, which may lead to its increased
use[99]. Studies have shown that peripheral nerve blocks for patients who have
sustained a traumatic hip fracture can reduce pain on movement and decrease the risk
of developing pneumonia[101]. As such, it is important to perform a technique, such
as the fascia iliaca block, which can be mastered by most clinicians without advanced
specialized regional anesthesia training. However, because of the decreasing utility of
the lumbar plexus block, residency training programs often do not emphasize the
teaching of this block.

The lumbar plexus block has the potential for causing serious complications,
including inadvertent epidural spread resulting in high neuraxial anesthesia,
hypotension, local anesthetic toxicity, bleeding, hematoma formation, infection, and
nerve damage. In order to minimize these complications, large volumes of local
anesthetic should be avoided in patients with multiple comorbidities. During
performance of this block, patients should be continuously monitored for unilateral
sympathectomy or hypotension due to epidural spread[102]. Deformation or
degeneration of spinal anatomy and musculature may result in poor ultrasound image
quality, potentially leading to failed blockade[103].

COMPLICATIONS OF REGIONAL ANESTHESIA

Local anesthetic systemic toxicity

Local anesthetic systemic toxicity (LAST), is a potentially life-threatening complication
that may result from unintentional intravascular injection of local anesthetic or slow
absorption of an inappropriately high dose of local anesthetic injected perineurally.
The ASRA publishes practice advisories for the management of patients who
experience LAST[104].

The clinical presentation and speed of onset of LAST are extremely variable. Signs
and symptoms of toxicity may immediately become apparent; however, they may take
as long as 30 min or more to occur[105]. Symptoms typically present as a continuum;
neurologic toxicity occurs at lower concentrations followed by cardiac toxicity at
higher concentrations.

Early clinical signs of neurotoxicity are subjective, and include dizziness,
drowsiness, perioral numbness, and tinnitus[105]. These signs may be missed if the
patient is sedated or under general anesthesia. Following this, with increasing plasma
concentrations, muscle twitching and tremors are observed. As blood and brain levels
of local anesthetic continue to increase, generalized tonic-clonic seizures occur. Finally,
generalized central nervous system (CNS) depression occurs leading to a reduced level

WJO | https://www.wjgnet.com 24 January 18,2022 | Volume13 | Issuel |



Jaishideng®

Kamel I et al. Regional anesthesia for orthopedic surgery

of consciousness and coma[106].

Cardiotoxicity follows a two-step pathway[107]. In early cardiotoxicity, activation of
the sympathetic nervous system results in hypertension and tachycardia. Following
this, myocardial depression occurs leading to ventricular arrhythmias, conduction
delays, contractile dysfunction, and eventual cardiovascular collapse. Inhibition of
myocardial voltage-dependent sodium channels by local anesthetics may lead to a
noticeable increase in the PR interval and QRS duration, as well as the presence of
subtle T wave abnormalities[107].

Treatment of LAST begins with the recognition of the early signs and symptoms of
toxicity, followed by immediate intervention including early administration of
intravenous Intralipid emulsion. Intravenous Intralipid emulsion has been postulated
to function by acting as a lipid sink to extract lipophilic local anesthetic from plasma
and tissues[108]. It additionally functions directly on myocardial tissue by improving
cardiac output[109]. Intralipid should be administered as a weight-dependent bolus
followed immediately by an infusion[106]. Boluses may be repeated, and the infusion
rate may be doubled if the patient continues to remain unstable[104]. The infusion
should be continued for at least 15 min after obtaining hemodynamic stability[104].

CNS instability such as seizures should be appropriately managed with intravenous
benzodiazepine administration or low doses of propofol[104]. Cardiovascular collapse
should be managed with careful titration of intravenous epinephrine. Individual
boluses of less than 1 mcg/kg should be administered to avoid ventricular fibrillation
or tachycardia[104]. ACLS dosing of epinephrine (1 mg) may result in poor long-term
outcomes due to the increased risk of arrhythmogenicity. A summary of the clinical
presentation and treatment of LAST is presented in Table 4.

Risk factors for LAST include extremes of age, low muscle mass, female gender, and
patients with cardiac, liver, and metabolic comorbidities[110]. The ASRA recommend-
ations for preventing LAST include the use of ultrasound, use of the lowest effective
dose, incremental injections, aspiration before each injection, and the addition of
epinephrine when employing potentially toxic doses of local anesthetic[110]. The
presence of epinephrine within the local anesthetic solution may cause a transient
increase in heart rate if injected intravascularly, thus alerting the clinician of
inadvertent intravascular injection. The risk of LAST increases with the administration
of large volumes of local anesthetic to perform multiple nerve blocks at the same time.
For example, patients who undergo blockade of the saphenous (adductor canal block)
and sciatic (popliteal block) nerves may receive a large combined total volume of local
anesthetic. As such, extreme caution should be administered to the individual and
combined doses of local anesthetic, especially when there are plans to administer
further local anesthetic within the surgical field intraoperatively by the surgeon. It is
important to utilize the minimum effective dose of local anesthetic required to perform
the nerve block.

Prevention of LAST remains a cornerstone of safe administration of regional
anesthesia. Checklists and treatment algorithms of LAST should be prominently
displayed in any area where regional anesthesia nerve blocks are performed, and
resuscitation equipment and medications should be immediately available if required
[111,112]. Due to the life-threatening nature of LAST, prompt diagnosis and
management of LAST should be frequently reviewed and reinforced with the use of
simulation[111]. All personnel, including surgical staff, nursing staff, and anesthesia
staff should be trained in recognizing and treating LAST if they work in a periop-
erative setting where peripheral nerve blocks are performed. Moreover, resuscitative
medications should be well-marked and easily accessible by all members of the
treatment team.

Block failure

Regional anesthesia is often effectively utilized as the primary anesthetic or as an
adjunct for postoperative analgesia; however, despite these benefits, it has an inherent
failure risk even in the most experienced hands. Block failure is manifested as
inadequate anesthesia or analgesia in the targeted region. This may result in poorly-
controlled pain, delayed surgical schedule, subjecting the patients to repeated block
attempts, or unanticipated conversion to general anesthesia.

Certain technical variables have been found to be the cause of certain block failures.
Injection of anesthetics outside of the neurovascular sheath prevents appropriate
spread to the target nerve. Additionally, the utilization of a high threshold for
stimulation when using a nerve stimulator technique may lead to an increased rate of
failed blocks[17].The experience level of the anesthesiologist performing the block has
been reported to impact the performance of a regional anesthetic[113]. It is important
to optimize all patient variables for increasing the rate of success. This can be achieved
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Table 4 Clinical presentation and management of local anesthetic systemic toxicity

Local anesthetic systemic toxicity (LAST)

Clinical presentation of LAST

1 Dizziness, drowsiness, tinnitus, perioral numbness

2 Muscle twitching and tremors

3 Seizures

4 CNS depression, coma

5 Hypertension, tachycardia

6 Myocardial depression, ventricular arrhythmias, conduction delays
7 EKG changes: Prolonged PR, QRS; T-wave changes

8 Cardiovascular collapse

Management of LAST

1 Call for help

2 Call for LAST rescue kit

3 Consider early lipid emulsion administration

(1) Under 70 kg: Bolus 1.5 mL/kg over 2-3 min, Infuse 0.25 mL/kg/min. Repeat bolus or double the infusion rate if the patient remains unstable

(2) Over 70 kg: Bolus approximately 100 mL over 2-3 min, infuse approximately 250 mL over 15-20 min. Repeat bolus or double the infusion rate if the
patient remains unstable

(3) If the patient is stable, continue lipid emulsion > 15 min after hemodynamic stability. Maximum lipid dose: 12 mL/kg
4 Seizure

(1) Airway management

(2) Benzodiazepine

(3) Consider low dose propofol

5 Arrhythmia or cardiovascular Instability

(1) Epinephrine: Administered at lower dose than ACLS dosing, start with <1 mcg/kg

(2) Avoid local anesthetics, beta-blockers, vasopressin, calcium channel blockers

(3) Consider alerting cardiopulmonary bypass team

6 Close monitoring

Once stable, continue close monitoring: 2 h after seizure, 4-6 h after cardiovascular instability, and as clinically appropriate after cardiac arrest

EKG: Electrocardiogram; CNS: Central nervous system.

by proactively taking measures to optimize patient positioning with towels or pillows,
using ultrasonography if available, and to take into account anatomic variation.
Current graduating anesthesiology residents are receiving advanced training in
peripheral nerve blockade, and are likely to be well-versed in the use of peripheral
nerve blockade, which will likely decrease the rate of block failure.

One study noted that regardless of block type, patients with a body mass index
(BMI) greater than 25 kg/m? are more likely than those with lower BMI to experience
non-surgical anesthesia; moreover, the rate of block failure increased incrementally
with BMI[17]. This is likely due to the difficulty in identifying anatomical landmarks in
these patients. Additionally, patients who were an American Society of Anesthesi-
ologists class IV physical status experienced a higher degree of block failure[17].

Block failure may also occur in patients who undergo placement of continuous
peripheral nerve block (CPNB) catheters. One study noted the incidence of failure for
continuous peripheral nerve block with the supraclavicular approach to be 26%, the
highest among the blocks evaluated[114]. The infraclavicular approach was noted to
have a lower failure rate, likely due to anatomical characteristics which allow for a
more stable catheter placement with a lower rate of dislodgement[114]. Areas with
more stable anatomy, with limited range of motion, may minimize the amount of
undue traction placed on catheters resulting in lower rates of catheter dislodgement.
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Several mechanisms have been implicated in CPNB failure, including catheter
insertion techniques, anatomic variation, and equipment malfunction. The CPNB
catheter may have initially been incorrectly placed in relationship to the target nerve,
or the catheter can migrate post-placement[115,116]. Other causes of CPNB failure
include dislodgement or obstruction of the of the catheter tubing[117]. Leakage of local
anesthetic solution after dislodgement may potentially increase the risk of LAST or
rarely may even cause myonecrosis[114]. Further upstream, the infusion pump may
malfunction or disconnect, causing leakage of local anesthetic solution[118]. Genetic
variations in certain patients may result in abnormal metabolism of local anesthetic,
which may cause inadequate sensory blockade[119]. Lastly, pain is a subjective
multifactorial entity. Thus perception of pain may be affected by psychological factors
including anxiety and pain-sensitivity, especially in the perioperative period[114].

The advent and increased clinical use of ultrasound-guidance has been shown to
increase success rates and improve the quality of sensory blockade[120]. Also,
ultrasound-guidance has been shown to shorten block procedural times by reducing
the number of needle passes required to localize the target nerve[121].

The overall success of any regional anesthesia technique relies on the ability to
correctly identify the nerves or nerve plexus involved in the surgery and place an
adequate dose of local anesthetic surrounding the nerve structures. Advances in the
field of regional anesthesiology have led to an increase in the use of regional
anesthesia with the addition of novel block techniques, especially with the use of
ultrasound-guidance[110]. Given the increasing use of peripheral nerve blockade,
anesthesiology training programs have drastically increased their emphasis on
mastering regional anesthesia skills, leading to the development of anesthesiologists
with a strong skillset of performing safe and effective peripheral nerve blocks[122].
The risk of block failure should be discussed with the patient prior to performing the
nerve block, so they are aware of this potential occurrence. As part of this discussion, it
is beneficial to review alternative analgesics (e.g., alternative blocks, intravenous, and
oral medication) that may be administered if the block provides limited pain relief. It is
important to utilize alternative methods of analgesia for patients who experience block
failure. Consideration should be given to performing an alternative nerve block, if the
first block technique fails while considering the total dose of local anesthetic used.

Nerve injury

Peripheral nerve injury is rare following regional anesthesia. Although the definition
of injury varies between studies, the incidence of persistent symptoms of nerve
dysfunction may be as high as 8 to 10 percent in the days following the block[123,124].
The majority are transient, lasting days to months. Major complications resulting in
permanent (greater than six months) nerve damage ranges between 0.015 and 0.09
percent[125-127]. Incidence of nerve injury associated with continuous catheters is
around 0.21 percent[118,128]. Most nerve injuries are believed to occur secondary to
intraneural injection. Intrafascicular injections, particularly at high pressure, are felt to
result in greater risk of nerve damage[129,130]. To minimize the incidence of intrafas-
cicular injection, injection of anesthetic should be halted if the patient feels a
paresthesia (shooting pain), or if the pressure required for injection is greater than
usual. Appropriate spread of the anesthetic should be observed when ultrasound-
guidance is used. Preexisting nerve pathology (including diabetes) may make a nerve
more susceptible to injury. Continuous visualization of the block needle using
ultrasound is presumed to decrease the risk of intrafascicular injection, but does not
decrease the risk of nerve injury. Also, nerve injury can also occur as a direct effect of
certain LA medications[131].

Symptoms of nerve injury are primarily sensory (pain, tingling, or paresthesias), but
can include any combination of motor or sensory deficits depending on the nerve
involved and severity of the injury. Most symptoms resolve within six months; if
symptoms are either severe or persistent, the patient should be referred to a specialist
for further evaluation and testing.

Hematoma

Inadvertent puncture of nearby vascular structures can lead to hematoma formation. It
is important to avoid performing PNB’s in patients with an abnormal coagulation
status in anatomic locations in which application of pressure to the puncture site is not
possible. The vast majority of hematomas may be controlled with direct pressure to the
needle puncture site; rarely, surgical decompression may be required.
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Allergic reaction

Most adverse reactions to LAs are non-allergic. However, two different types of
allergic reactions to LAs have been described: allergic contact dermatitis and delayed
swelling at the site of administration within 72 h, and rarely anaphylaxis.

Infection

Infection risk for single-shot peripheral nerve block is negligible and for peripheral
catheters is low (0 to 3.2 percent)[132]. Risk of infection is increased in critically ill
patients, admission, trauma patients, immune compromised patients, males, and the
absence of antibiotics. The risk of infection may be minimized by removing the
catheter within 48 to 72 h of placement.

Fall risk

Certain lower extremity nerve blocks may result in muscle weakness which can
secondarily increase the risk of post-operative falls[133].

Local anesthetic-induced central nervous system toxicity (toxic left hemispheric

syndrome)

Recently, severe stroke-like symptoms following intrascelene block has been reported
after interscalene block. Patients had typical hemispheric symptoms in the absence of
cerebral vessel occlusion. Hemispheric syndrome in the reported cases occurred in the
ipsilateral side of the interscalene block. The proposed mechanism of injury in these
cases was apoptotic cell death due to local anesthetic neurotoxic effects. Patient
presented with impaired consciousness, slow-wave EEG activity in the affected
hemisphere, epilepsy, global aphasia, dysphagia, dysarthria, facial palsy, hemiparesis,
pyramidal tract signs, and complex behavioral manifestations. No abnormal computed
tomography or magnetic resonance imaging (MRI) imaging was observed in the
immediate postoperative period. MRI imaging abnormalities were appreciated
postoperative days 1 through 5 in some patients which included hyperintensity of
cortical grey matter and basal ganglia. Hospital stay ranged from 9 to 19 d with patient
requiring mechanical ventilation for airway protection. Most patients experienced
gradual improvement of the functional outcome after a prolonged course of rehabil-
itation but still has residual symtpoms[134].

CONCLUSION

Regional anesthesia is one of the cornerstones of successful perioperative orthopedic
management. In addition to providing superior anesthesia for orthopedic procedures,
regional anesthesia provides superior analgesia with relatively fewer side effects
compared to systemic analgesia modalities. Perioperative team awareness of regional
anesthesia fundamentals is one essential step towards improving clinical outcomes,
lowering health care costs, and sustaining higher patient satisfaction scores.
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