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ABSTRACT

One of the most noble medical procedures from a humanitarian standpoint is anesthesia. It offers the advantage of temporarily blocking
the brain's response to painful stimuli. This action allows the surgeon to carry out their work smoothly and the patient to feel no pain,
benefiting both parties. To explore the optimization of regional anesthesia in orthopedic surgery and its benefits in postoperative pain
management, a comprehensive literature review was conducted. This review encompassed original articles, reviews, and meta-analyses
published primarily in English and Spanish from. Relevant studies were identified through systematic searches in the Cochrane Library,
EMBASE, and LILACS databases, employing a combination of controlled descriptors and free-text terms. Modern regional anesthesia
(RA) techniques, such as ultrasound-guided blocks and continuous catheters, significantly improve postoperative pain management in
orthopedic surgery compared to general anesthesia and traditional systemic analgesia. Ultrasound guidance enhances precision and
safety, leading to effective, localized pain control, reduced opioid use and side effects, faster recovery, and increased patient satisfaction.
Continuous catheters prolong these benefits, offering sustained and adjustable pain relief, facilitating rehabilitation, potentially decreasing
chronic pain and shortening hospital stays. Although requiring specialized training and protocols, the strong evidence supports the value
of these RA techniques in optimizing postoperative pain management and potentially improving healthcare costs and long-term outco-
mes, making their integration a priority in contemporary orthopedic practice.

Keywords: Anesthesia, Orthopedic, Pain, Postoperative.

RESUMEN

Uno de los procedimientos médicos mas nobles desde el punto de vista humanitario es la anestesia. Ofrece la ventaja de bloquear
temporalmente la respuesta del cerebro a los estimulos dolorosos. Esta accién permite al cirujano realizar su trabajo con fluidez y al pa-
ciente no sentir dolor, lo que beneficia a ambas partes. Para explorar la optimizacién de la anestesia regional en la cirugia ortopédica y
sus beneficios en el manejo del dolor postoperatorio, se llevd a cabo una revision bibliogréfica exhaustiva. Esta revisiéon abarcé articulos
originales, revisiones y metaandlisis publicados principalmente en inglés y esparol. Los estudios relevantes se identificaron mediante
blusquedas sistematicas en las bases de datos Cochrane Library, EMBASE y LILACS, empleando una combinaciéon de descriptores
controlados y términos de texto libre. Las técnicas modernas de anestesia regional (AR), como los bloqueos guiados por ecografia y los
catéteres continuos, mejoran significativamente el tratamiento del dolor postoperatorio en la cirugia ortopédica en comparaciéon con la
anestesia general y la analgesia sistémica tradicional. La guia ecogréafica mejora la precision y la seguridad, lo que conduce a un control
eficaz y localizado del dolor, una reduccién del uso de opioides y de los efectos secundarios, una recuperacién mas rapida y una mayor
satisfaccion del paciente. Los catéteres continuos prolongan estos beneficios, ya que ofrecen un alivio del dolor sostenido y ajustable,
facilitan la rehabilitacion, pueden reducir el dolor crénico y acortar la estancia hospitalaria. Aunque requieren formacién y protocolos
especializados, las solidas pruebas respaldan el valor de estas técnicas de AR para optimizar el tratamiento del dolor postoperatorio y
mejorar potencialmente los costes sanitarios y los resultados a largo plazo, lo que hace que su integracion sea una prioridad en la prac-
tica ortopédica contemporanea.

Palabras clave: Anestesia, Ortopedia, Dolor, Postoperatorio.

RESUMO

Um dos procedimentos médicos mais nobres do ponto de vista humanitario € a anestesia. Ela oferece a vantagem de bloquear tempora-
riamente a resposta do cérebro aos estimulos dolorosos. Esta agdo permite que o cirurgido realize o seu trabalho sem problemas e que o
paciente n&o sinta dor, beneficiando ambas as partes. Para explorar a otimizacao da anestesia regional em cirurgia ortopédica e 0s seus
beneficios no controlo da dor pds-operatodria, foi realizada uma reviséo exaustiva da literatura. Esta revisdo englobou artigos originais, re-
visbes e meta-analises publicados principalmente em inglés e espanhol. Os estudos relevantes foram identificados através de pesquisas
sistematicas nas bases de dados Cochrane Library, EMBASE e LILACS, empregando uma combinagao de descritores controlados e termos
de texto livre. Técnicas modernas de anestesia regional (AR), como blogueios guiados por ultrassom e cateteres continuos, melhoram
significativamente o controle da dor pds-operatéria em cirurgia ortopédica em comparagdo com a anestesia geral e a analgesia sistémica
tradicional. A orientag&o por ultrassom aumenta a precisao e a seguranca, levando a um controle eficaz e localizado da dor, redu¢éo do uso
de opidides e dos efeitos colaterais, recuperacdo mais rapida e maior satisfagdo do paciente. Os cateteres continuos prolongam estes bene-
ficios, oferecendo um alivio sustentado e ajustavel da dor, facilitando a reabilitagéo, diminuindo potencialmente a dor crénica e encurtando
0s periodos de internamento hospitalar. Embora exija treino e protocolos especializados, a forte evidéncia apoia o valor destas técnicas de
AR na otimizacao da gestéo da dor pds-operatéria € na potencial melhoria dos custos dos cuidados de salde e dos resultados a longo
prazo, tornando a sua integracdo uma prioridade na pratica ortopédica contemporanea.

Palavras-chave: Anestesia Ortopédica, Dor Pés-Operatoria.
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Introduction

One of the most noble medical procedures
from a humanitarian standpoint is anesthe-
sia. It offers the advantage of temporarily
blocking the brain's response to painful sti-
muli. This action allows the surgeon to carry
out their work smoothly and the patient to
feel no pain, benefiting both parties. When
discussing anesthesia, it is convenient to
consider an anatomical structure of vital in-
terest: the vertebral column. Its importance
lies in the protection it offers to the spinal
cord and the nerve roots that originate from
it. These structures are the target of the tech-
niques used to administer anesthetic drugs.
Among the types of anesthesia most used
in practice are general anesthesia, epidu-
ral anesthesia, spinal anesthesia, and local
anesthesia (1).

Pain is part of the human body as a warning
to protect it, thereby triggering a series of
reactions to limit damage. The International
Association for the Study of Pain (IASP) has
defined pain as “an unpleasant sensory and
emotional experience associated with actual
or potential tissue damage, or described in
terms of such damage” (2).

The use of Regional Anesthesia is increasin-
gly involved in the anesthetic and especially
analgesic management of various orthope-
dic procedures. During the surgical proce-
dure, very intense pain occurs in response
to direct or indirect aggression caused by
the surgical act, including the surgical tech-
nique, as well as the anesthetic technique,
inadequate postures, muscle contractures,
and influences important negative repercus-
sions such as physical condition, causing
generalized hemodynamic and neuroendo-
crine responses, in addition to affecting the
emotional and economic state of the patient
and medical institutions (3).

One of the most effective techniques for con-
trolling postoperative pain is the use of anal-
gesics via spinal administration, especially
when chronic pain occurs in the first hours.
It is mainly indicated in major surgery of the
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thorax, upper abdomen, and major orthope-
dic surgery. For these, a variety of techniques
are used to manage severe postoperative
pain, which include the use of the neuroaxial
approach, especially epidural (4).

Currently, different drugs are available that
not only provide an analgesic effect but also
help prevent postoperative complications
and consequently lead to an increase in
perioperative morbidities. Among the best-
known drugs are non-steroidal anti-inflam-
matory drugs (NSAIDs), opioids, recently al-
pha-2 agonists such as dexmedetomidine,
ketamine, pregabalin, as well as analgesic
techniques such as regional analgesia and
patient-controlled analgesia (PCA) (5).

Methods

To explore the optimization of regional anes-
thesia in orthopedic surgery and its benefits
in postoperative pain management, a com-
prehensive literature review was conducted.
This review encompassed original articles,
reviews, and meta-analyses published pri-
marily in English and Spanish from. Relevant
studies were identified through systematic
searches in the Cochrane Library, EMBA-
SE, and LILACS databases, employing a
combination of controlled descriptors and
free-text terms. The selection of studies was
based on predefined criteria related to the
administration of regional anesthesia techni-
qgues in orthopedic procedures and the eva-
luation of postoperative pain as a primary or
secondary outcome.

Results

1. Fundamentals of Regional Anesthesia
in Orthopedics

1.1. History and Evolution of Regional Te-
chniques

It was approximately 100 years ago when
the first peripheral nerve block was perfor-
med, a procedure carried out by Hirschel,
and in recent years, its use has greatly in-
creased due to ultrasound devices. The ear-
liest evidence of ultrasound-guided blocks
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dates back about 20 years, but due to the
improvement of these systems and the de-
velopment of portable ultrasound machines,
the use of regional blocks has surged. Em-
ploying ultrasound systems allows for the
visualization of different structures in real-ti-
me, as well as observing the diffusion of the
local anesthetic around the anesthetized
nerve, thereby limiting over-dosage and
potential systemic toxicity. Within regional
anesthesia, we can discuss Peripheral Ner-
ve Blocks, epidural and spinal anesthesia,
and regional intravenous anesthesia (6).

The advancement and improvement of re-
gional anesthesia methods for various sur-
gical procedures, particularly in obstetric,
ophthalmic, and orthopedic surgeries, as
well as the continuous enhancement of con-
tinuous regional analgesia, persist. In re-
gional anesthesia training within the fields
of anesthesiology and intensive care medi-
cine, the emphasis on mastering essential
techniques such as spinal block, epidural
block, axillary brachial plexus block, femo-
ral nerve block, and intravenous regional
anesthesia is typically considered compre-
hensive. Generally, performing more peri-
pheral blocks tends to reduce the occurren-
ce of complications and adverse effects.
Peripheral regional anesthesia is a crucial
aspect of contemporary perioperative care.
Peripheral regional anesthesia can be per-
formed effectively with simple techniques,
such as fascia iliaca compartment blocks,
which require minimal technological resour-
ces. Among other methods, ultrasound has
gained widespread clinical acceptance in
this field to guide needle movement towards
nerves, minimizing the risk of needle con-
tact with critical structures and reducing po-
tential complications (7).

Various types of blocks exist, each applied
to a specific area of the body. Some of the
most common include:

¢ Brachial plexus block: Performed on a
group of nerves that control muscles and
sensations in the arm and hand (8).
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e Cervical plexus block: Performed on a
group of nerves that control muscles and
sensations in the neck and upper extre-
mities (8).

e Lumbar plexus block: Originates nu-
merous branches that innervate various
muscles and regions of the posterior ab-
dominal wall and the lower extremity. To-
gether with the sacral plexus, they form a
union known as the lumbosacral plexus,
which gives rise to all the motor and sen-
sory nerves of the lower extremity (8).

e Sacral plexus block: This plexus emits
several branches including anterior, pos-
terior, and one terminal branch; these
provide motor and sensory innervation
to the posterior portion of the thigh, the
lower portion of the leg, the entire foot,
and a part of the pelvis (8).

1.2. Mechanism of Action

area of
painful
sensation

painful
stimulus

Nerve
receptor

sensory
pathway

sensory
nerve
- - spinal cord

Figure 1. How is regional block achie-
ved?

Source: Tamayo Gémez (9).

Regional anesthesia blocks the perception
of pain by interrupting the transmission of
nerve impulses from the area of the body
where the surgery will be performed to the
central nervous system. When a painful
stimulus occurs in the periphery, nerve re-
ceptors detect it and generate an electrical
signal that travels through sensory nerves
towards the spinal cord and, subsequently,
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to the brain, where it is interpreted as pain.
Regional anesthesia, by injecting a local
anesthetic near the peripheral nerves, pre-
vents the propagation of this nerve signal.
By blocking the conduction along these
nerves, pain information cannot reach the
spinal cord or ascend to the brain, resulting
in the absence of painful sensation in the
anesthetized region. In essence, regional
anesthesia acts as a barrier that silences
the nervous communication between the
surgical site and the pain processing cen-
ters in the central nervous system (9).

1.3. Comparison with General Anesthesia

This differs from general anesthesia in that
it does not affect the patient's level of cons-
ciousness to relieve pain. There are several
advantages over general anesthesia, such
as avoiding airway manipulation, reduced
doses of systemic drugs, fewer side effects
from systemic drugs, faster recovery time,
and significantly lower pain levels after sur-

gery (10).

2. Current Regional Anesthesia Techni-
ques Used

2.1. Peripheral Nerve Blocks (e.g., Femo-
ral, Sciatic, Brachial Plexus)

The brachial plexus, a crucial nerve network
for the innervation of the upper limb, ori-
ginates from the C5-T1 nerve roots, which
are organized into trunks (superior, midd-
le, and inferior). These trunks further divide
into anterior and posterior divisions, which
then regroup to form three fascicles: lateral,
posterior, and medial. From these fascicles
emerge the five main terminal branches that
innervate the arm, forearm, and hand: mus-
culocutaneous, axillary, radial, median, and
ulnar. Brachial plexus block is a widely used
regional anesthesia technique that can be
performed via supraclavicular, infraclavicu-
lar, and axillary approaches. The supracla-
vicular block, in particular, provides comple-
te and rapid anesthesia of the entire upper
limb with a single injection, being especially
useful for surgeries of the arm, forearm, and
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hand. The choice of local anesthetic and
its concentration (lidocaine for short proce-
dures, bupivacaine or ropivacaine for more
extensive surgeries) is adapted to the esti-
mated duration of the procedure and posto-
perative needs (6).

The femoral nerve block, also known as the
crural nerve block, is an anesthetic techni-
que used primarily for surgeries on the ante-
rior aspect of the thigh and for postoperative
pain control in this region. It is often combi-
ned with other blocks, such as the sciatic
nerve block, to achieve complete analgesia
of the knee. The femoral nerve, the largest
of the lumbar plexus (L2-L4), innervates
muscles such as the iliacus and pectineus,
as well as the anterior muscles of the thi-
gh (except the fascia lata), and provides
sensation to the lateral and frontal aspects
of the middle thigh, the medial part of the
leg and foot, and the knee and hip joints.
The block is performed at the level of the
groin, frequently using ultrasound to guide
the needle towards the nerve, which is ge-
nerally located lateral to the femoral artery.
Approximately 20 ml of local anesthetic is
usually injected, sometimes with epinephri-
ne to prevent vascular puncture. Complica-
tions are rare but may include hematoma,
nerve injury, and catheter infection if left in
place for continuous analgesia (6).

The sciatic nerve, the largest peripheral ner-
ve in the body, originates in the pelvis (sa-
cral plexus), exits through the greater scia-
tic notch, and descends along the posterior
aspect of the thigh. In the lower third of the
femur, it divides into the tibial nerve (internal
popliteal sciatic) and the common peroneal
nerve (external popliteal sciatic). The tibial
nerve branches into the medial and late-
ral plantar nerves, while the peroneal ner-
ve gives rise to branches around the knee
and to the sural, superficial peroneal, and
deep peroneal nerves. Occasionally, this
division occurs at the origin of the sciatic
nerve. To block this nerve, approximately 20
ml of local anesthetic is generally sufficient,
considering whether the goal is surgical or -
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analgesic. The block can be performed via
a posterior approach (classic or parasa-
cral in the gluteal region) or posterior in the
popliteal fossa. It is a common technique
for surgeries of the knee, calf, and for the
symptomatic treatment of the Achilles ten-
don, ankle, and foot. Complications are rare
and include local muscle spasms in the thi-
gh, vascular puncture, and muscle spasms
in the foot or toes (6).

The innervation of the foot comes from five
main nerves: the internal saphenous (me-
dial aspect), the sural or external saphe-
nous (lateral aspect), the posterior tibial
(deep plantar structures and sole), the su-
perficial peroneal or musculocutaneous of
the leg (dorsum), and the deep peroneal or
anterior tibial (deep dorsal structures and
the interdigital space between the first and
second toes). The block of these nerves is
performed at different points depending on
the area to be intervened, and all five can
even be blocked simultaneously. Although
some nerves innervate deep structures and
a complete block is not always required,
studies suggest that total foot block for fo-
refoot surgeries offers better postoperative
pain control than selective block. The choi-
ce of local anesthetic (lidocaine, mepivacai-
ne, bupivacaine, or ropivacaine, or combi-
nations) depends on the estimated duration
of the surgery, with lidocaine for short pro-
cedures and bupivacaine or ropivacaine
for prolonged analgesia. Other types of re-
gional blocks, such as spinal and epidural
anesthesia, will be discussed below (6).

The fascia iliaca block is an alternative to the
femoral or lumbar plexus block, based on the
location of the femoral and lateral femoral cu-
taneous nerves below this fascia. By depo-
siting a sufficient amount of local anesthetic
under the fascia iliaca, the aim is to anesthe-
tize both nerves simultaneously. The techni-
que is usually guided by ultrasound, using a
linear transducer to visualize the fascia ilia-
ca, which is located above the nerves and
the iliopsoas muscle. After anesthetizing the
skin, a needle (22 gauge) is inserted until it
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pierces the fascia, which is confirmed visua-
lly with the ultrasound and by the tactile sen-
sation. Between 30-40 ml of local anesthetic
is injected to ensure successful blockade of
the femoral and lateral femoral cutaneous
nerves, although obturator nerve block with
this technique is variable. Complications are
rare, including block failure, local hemato-
mas, neuropraxia, systemic toxicity from the
anesthetic, quadriceps weakness, peritoneal
perforation, and bladder puncture. Vascular
or nerve puncture is very infrequent due to
the distance of the block site from the neuro-
vascular bundle (6).

The obturator nerve, originating from the
L2-L4 nerve roots, emerges from the psoas
muscle and bifurcates into two terminal
branches. The anterior branch innervates
the obturator externus, adductor brevis and
longus, pectineus muscles, as well as the
medial aspect of the thigh cutaneously. The
posterior branch innervates the obturator
externus, adductor magnus, the hip joint,
and the popliteal region cutaneously. For
percutaneous block of the obturator nerve,
although ultrasound guidance is preferred,
non-ultrasound techniques such as Labat's
(puncture lateral and caudal to the pu-
bic spine) and the paravascular approach
(puncture at the midpoint of the inguinal line
between the femoral artery and the tendon
of the adductor longus) exist. The three-in-
one block, which aims to anesthetize the
femoral, lateral femoral cutaneous, and ob-
turator nerves with a single injection, is also
mentioned (6).

The lateral femoral cutaneous nerve, com-
posed of the L2-L.4 nerve roots, is a purely
sensory nerve that, after passing the ingui-
nal region, divides into an anterior branch
(sensation of the anterolateral thigh) and a
posterior branch (lateral innervation of the
thigh). Its block is used in superficial surge-
ries such as graft placement or interventions
on the lateral aspect of the thigh, and also in
the treatment of meralgia paresthetica. The
technique is performed under ultrasound
guidance, and the anesthetics of choice are
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usually mepivacaine or bupivacaine, some-
times combined with triamcinolone or me-
thylprednisolone (6).

2.2. Epidural and Spinal Anesthesia: Indi-
cations and Differences

Epidural Anesthesia: Both the intradural (ID)
and epidural (EPI) techniques share many
methodological aspects, which is why they
are analyzed together. In both cases, the lo-
cal anesthetic (LA) is placed in contact with
sensory, motor, and vegetative nerve roots,
leading to a metameric sensory, motor, and
autonomic blockade, although with differen-
ces (11).

Spinal Intradural Anesthesia (Al): This in-
volves the direct injection of local anesthe-
tic (LA) into the subarachnoid space after
lumbar puncture, with an immediate effect

that blocks sensation, motor function, and
the autonomic system below the level of
injection and some superior metameres.
Hypotension is a complication dependent
on the extent of the blockade. It is used for
infraumbilical surgery with high-concentra-
tion, low-volume LA but is contraindicated
in certain conditions such as shock or intra-
cranial hypertension.

Spinal Epidural Anesthesia (AE): In contrast,
this involves depositing the LA into the epi-
dural space, allowing for a more selective
and slower-onset but longer-duration bloc-
kade, with a lower risk of hypotension and
the possibility of continuous analgesia via
a catheter. Bupivacaine is a common drug
used, with less cephalad migration and a
lower risk of post-dural puncture headache
compared to Al (11).

Table 1. Differences between Epidural and Spinal Anesthesia.

Site of Injection

Spinal Anesthesia
Characteristic (Intradural) Epidural Anesthesia
Epidural  (virtual)  space,
Intradural  (subarachnoid) | between the dura mater and the

space, where CSF is located | ligamentum flavum

Yes, the anesthetic mixes|No, the anesthetic is deposited

Contact with CSF with the CSF outside the dura mater
Thicker needle (e.g., Touhy),
Type of Needle Fine needle, with a sharp tip | with a blunt tip

Dura mater is pierced, with | Loss of resistance is noted upon

Loss of Resistance CSF outflow entering the epidural space
Onset of Block Very rapid (immediate) Slower (10-20 minutes)
Duration of Block (Single | Generally  shorter  (1-2 | Generally longer (depends on
Dose) hours) dose and drug)

More predictable and dense | More variable and segmental,

Extent of Block for a given level extent can be better controlled
Can be selective (sensory block

Motor Block Generally dense with less motor block)

Autonomic Block

More intense and rapid,

Less intense and more gradual,

(Hypotension) higher risk of hypotension |lower risk of hypotension
Catheter for
Repeated/Continuous Not usually used (risk of | Commonly used to prolong
Doses meningeal infection) analgesia or anesthesia
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Volume of Local

Anesthetic Low (2-3 ml) Higher (10-20 ml or more)
Concentration of Local More variable, can be lower for
Anesthetic High analgesia

Post-Dural Puncture
Headache

Higher risk (due to direct
dural puncture)

Lower risk (unless accidental
dural puncture)

Common Uses

Short to moderate duration
infraumbilical surgery

Surgery of variable duration,
labor analgesia, postoperative
analgesia

Source: Hernanz de la Fuente & Rabanal Llevot (11).

2.3. Use of Ultrasound in Regional Anes-
thesia

The ultrasound technique for central neu-
roaxial block involves the use of a low-fre-
quency curvilinear probe in different planes.
Five basic views of the vertebral column are
performed to visualize the lumbar sonoa-
natomy, which is easier than in the thoracic
region due to the more favorable anatomy.
Ultrasound can be performed before the
procedure or in real-time and has proven
particularly useful in patients with specific
physical characteristics or medical condi-
tions. The real-time ultrasound-guided tech-
nique has shown positive results compared
to pre-procedure ultrasound (12).

3. Optimization
Context

in the Postoperative

The use of opioids for postoperative pain
management in orthopedic surgery, despi-
te its tradition, entails significant short-term
risks (adverse effects, longer hospital stays,
dependence, death) and long-term risks
(opioid epidemic, substance use disorder,
mortality). The increasing prescription, es-
pecially in opioid-naive patients, is associa-
ted with a higher risk of chronic use, even
after minor surgeries such as total knee and
hip arthroplasty. Furthermore, a conside-
rable proportion of prescribed opioids are
unused and not safely disposed of, contri-
buting to their diversion. To mitigate depen-
dence, it is crucial to implement multimodal
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pain management programs that integrate
peripheral nerve blocks, local anesthetic in-
filtration, paracetamol, NSAIDs, gabapenti-
noids, cannabinoids, and non-pharmacolo-
gical therapies, recognizing the challenges
in older patients and those with chronic pain
(13). Regional anesthesia (RA) in orthope-
dic procedures attenuates several compli-
cations linked to general anesthesia (GA),
such as nausea, vomiting, airway trauma,
hypoxia, respiratory depression, and the risk
of pulmonary aspiration. The advantages
of RA include superior postoperative pain
control, reduced opioid consumption and
its side effects, shorter hospital stays, early
initiation of physical therapy, reduced read-
mission rates, greater patient satisfaction,
faster recovery, fewer unplanned admis-
sions for pain, better intraoperative muscle
relaxation, less blood loss, and a reduction
in urinary retention and ileus (14).

Contrary to the initial belief that continuous
regional analgesia would increase costs, a
2009 study demonstrated that the implemen-
tation of multimodal anesthesia and analge-
sia based on regional techniques was not
only not more expensive but decreased the
total cost of the procedure by 15%, main-
ly due to the lower need for opioids, fewer
related adverse effects and their treatment
costs, shorter operating room time, and shor-
ter hospital stays (15). The length of hospital
stay (LHS) is considered an indirect indi-
cator of efficiency, and enhanced recovery

RECIMUNDO VOL. 9 N°2 (2025)



OPTIMIZATION OF REGIONAL ANESTHESIA IN ORTHOPEDIC SURGERY: BENEFITS IN POSTOPERATIVE

PAIN MANAGEMENT

after surgery (ERAS) protocols aim to redu-
ce it through a multidisciplinary approach,
incorporating RA to decrease acute pain
and postoperative nausea and vomiting, in
addition to improving mobilization. Both RA
alone and in combination with GA appear
to reduce LHS in orthopedic surgery and
other specialties, although the difference in
the largest meta-analysis was measured in
hours. In outpatient surgery, while unplan-
ned admission rates are low, a higher risk
has been demonstrated with GA compa-
red to RA (16). A prospective observational
study by Doo et al (17) found no significant
differences in patient-centered quality of re-
covery between RA (brachial plexus block
with dexmedetomidine) and GA (sevoflura-
ne with remifentanil) in orthopedic forearm
surgery, even though the RA group showed
better outcomes in the PACU (less pain,
opioid consumption, and nausea/vomiting),
suggesting that patient expectations or pre-
vious anesthesia experiences might influen-
ce the perception of recovery.

4. Technological Innovations and Recent
Advances

4.1. Image-Guided Techniques (Ultra-
sound vs. Neurostimulators)

Ultrasound enhances the success of nerve
blocks by visualizing anatomical structures
through sound waves reflected by tissues
(18). Its ability to evaluate soft tissues in re-
al-time is operator-dependent and requires
a thorough understanding of anatomy (18).
Precise nerve localization, crucial for avoi-
ding complications of "blind" techniques, is
optimized with ultrasound (5-10 MHz pro-
bes, even better with 12-15 MHz), overco-
ming the limitations of non-visual or costly
methods like MRI and CT (18). The puncture
technique, influenced by anatomy and the
nerve's relationship with adjacent structu-
res, varies depending on the block (inters-
calene proximal to the transducer, supracla-
vicular in-plane needle-transducer, axillary
with the arm abducted and infiltration near
the artery) (18).
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Neurostimulators

Fifty years ago, Dr. Greenblat published the
first report on the use of neurostimulators,
demonstrating 100% specificity and 74%
sensitivity, making it a less precise techni-
qgue than ultrasound (19).

Compared to the conventional nerve block
method using anatomical localization and
paresthesia, localization via neurostimula-
tion is more precise, objective, and safer.
However, neurostimulator guidance opera-
tes blindly, and there is a high failure rate
in patients with anatomical variations. The
use of neurostimulation increases the suc-
cess rate of nerve blocks and reduces the
blocking time compared to conventional pa-
resthesia guidance. Sia et al. compared the
difference between paresthesia guidance
and neurostimulation guidance in brachial
plexus block. The results showed that the
neurostimulation group was superior to the
paresthesia group in the success rate (91%
versus 76%, respectively) and in the onset
time of the block. Additionally, in a three-
point axillary brachial plexus block, nerve
block guided by neurostimulation can shor-
ten the block onset time and the waiting time
for surgeons, which is helpful for emergency
surgery and patient satisfaction, as well as
reducing the discomfort of a tourniquet. This
is related to the high precision of localization
and a more effective block of the musculo-
cutaneous nerve (20).

Ultrasound vs. Neurostimulators

In current practice, ultrasound offers more
intuitive and precise guidance, showing
the relationship between nerves, vessels,
and muscles in real-time, and allowing for
the monitoring of local anesthetic spread.
Although neurostimulation provides impro-
vements over paresthesia, ultrasound is po-
sitioned as a superior technique due to its
direct visualization capabilities and its po-
tential to minimize complications and optimi-
ze the administration of regional anesthesia.

369




&

o
>

O
D
=]

ACUNA MEZA, D. S., ANDA SUAREZ, P. X., ESTRADA SEGURA, G. J., & ACOSTA PASTRANO , K. A.

4.2. New Local Anesthetics and Adjuvants
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N
y ¢ Dexmedetomidine: Dexmedetomidi-

ne, an a2 adrenergic agonist appro-
ved for intravenous sedation, is used
off-label as an adjuvant in peripheral
nerve blocks and neuroaxial anesthe-
sia, showing efficacy and a relatively
good safety profile in preclinical and
clinical studies. Its combination with
local anesthetics appears well-tolera-
ted, with no evidence of neurotoxicity
or axonal/myelin damage, and it may
even attenuate the acute pro-inflam-
matory effects of these. A study with
epidural ropivacaine (7.5 mg/ml) and
dexmedetomidine (1 pg/kg) demons-
trated a significant prolongation of
the duration of sensory block (+160
min), motor block (+126 min), and
postoperative analgesia (+184 min),
with a tolerable side effect of more
pronounced sedation. Another study
found that epidural dexmedetomidine
reduced the need for propofol for the
induction of general anesthesia (21).

Lidocaine: The first amide local
anesthetic introduced into clinical
practice, notable for its versatility and
common use due to its potency, ra-
pid onset of action, and moderate
duration (prolongable with epinephri-
ne), as well as its activity as a topical
anesthetic. It is used in various con-
centrations for infiltration, peripheral
nerve blocks, and epidural anesthe-
sia, and in hypertonic solution for
short-duration spinal anesthesia. It is
also used topically in multiple formu-
lations. Additionally, lidocaine is used
as a class Ib antiarrhythmic, effective
mainly in ventricular arrhythmias. Its
primary metabolism is hepatic, pro-
ducing monoethylglycinexylidide (an
active antiarrhythnmic with a prolon-
ged half-life) and then xylidide (less
active and eliminated by urine) (22).

Dexamethasone: Dexamethasone,
an o2 adrenergic agonist, is used as
an adjuvant in regional anesthesia to
prolong analgesia, although its exact
perineural mechanism and the best
route of administration (perineural vs.
intravenous) are still under investiga-
tion. Studies suggest that both routes
reduce postoperative pain and opioid
consumption, with possible superiori-
ty of the perineural route in the dura-
tion of the block. However, safety, es-
pecially neurotoxicity associated with
corticosteroid excipients, is a signifi-
cant concern, and the optimal peri-
neural dose is not yet clearly defined,
with even a possible ceiling effect
and the need for more high-quality
research to confirm its long-term effi-
cacy and safety (23).

Triamcinolone: Perineural triamcino-
lone has been shown to reduce ecto-
pic nerve discharges and prevent
their development in newly resected
nerves. Although its clinical evidence
is less than that of dexamethasone,
one study showed prolonged pain
relief with few opioid requirements in
interscalene blocks. However, the ge-
neral neurotoxicity of glucocorticoids,
associated with preservatives such as
parabens and solvents such as ben-
zyl alcohol and polyethylene glycol,
warrants caution. Dilution with saline
and local anesthetics may not redu-
ce the particle size of some steroids,
including triamcinolone. Microscopic
studies have found large particles
(>10,000 microns) in triamcinolo-
ne and methylprednisolone, unlike
dexamethasone and betamethasone,
which behave more like liquids. Ano-
ther study observed smaller particles
in both types of compounds. It is sug-
gested that dexamethasone has sig-
nificantly smaller particles with less
tendency to aggregate, which could
reduce the risk of embolic infarctions
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from accidental intra-arterial injection,
something that has not been assured
for triamcinolone (23).

¢ Magnesium Sulfate: Magnesium
sulfate is not a direct analgesic but
an adjuvant that enhances the effect
of other analgesics. Discovered by
Humphrey Davy and with depressant
effects on the axial neuromuscular
plate identified by Claude Bernard,
its analgesic properties have been
known since the early 20th century,
where its use with ether to produce
deep anesthesia was suggested. It
is considered a neuronal depressant
that acts on the CNS and neuromus-
cular reflexes at the neuromuscular
junction, and when applied directly,
it depresses the electrical function of
nerve tissue. Another fact mentioned
by Gutiérrez et al. is that magnesium
sulfate is also used to generate hyp-
nosis and analgesia in intravenous
anesthesia because it reduces the
requirements for sevoflurane, desflu-
rane, propofol, and opioids (24).

* Ropivacaine: Ropivacaine, introdu-
ced in 1996 as an alternative to bupi-
vacaine due to its toxicity, has a simi-
lar structure but is a levorotatory (L)
isomer. L-isomers are generally more
potent, less toxic, and have a shorter
half-life. Ropivacaine is an amino-ami-
de local anesthetic, composed of an
amino residue (polar/hydrophilic) and
an aromatic group (hydrophobic) joi-
ned by an amide bond (24).

4.3. Continuous Infusion Pumps for Pro-
longed Blocks

Perineural administration of local anesthetic
(LA) is preferably performed with infusion
pumps due to clinical and logistical bene-
fits over manual boluses. There is no ideal
pump, and the choice depends on the clini-
cal context, although they should generally
be precise, reliable, portable, and program-
mable. Vacuum and spring-powered pumps
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are not very precise for routine practice.
Electronic pumps are the most accurate (5%
variation), allow for customization of basal
infusion, boluses, and lockout times, optimi-
zing dosage and featuring alarms and re-
fill/reuse capability. Elastomeric pumps are
simpler, lighter, quieter, and more economi-
cal, ideal for outpatient use. However, their
basal infusion rate is more variable (10-30%
above the initial expected rate, then stabi-
lizes and increases again at the end), and
the rate depends on temperature and altitu-
de. Refilling them is not recommended (25).

5. Safety and Complication Management

Despite its numerous benefits, advanced
regional anesthesia presents risks of ner-
ve injury (minimized with proper technique
and volume), hematomas and infections
(preventable with asepsis and technique),
and local anesthetic toxicity (avoidable with
correct doses and monitoring); the mana-
gement of these complications, such as li-
pid emulsion for systemic toxicity, requires
in-depth knowledge to ensure patient safety
and block efficacy (26).

Regional anesthesia techniques, although
with low complication rates, require early
identification for appropriate patient-cente-
red management. Complications are clas-
sified in various ways (immediate, interme-
diate, late; anatomical, physiological; mild,
moderate, severe), although their reporting
may be underestimated. Nerve injuries and
local anesthetic toxicity are the major compli-
cations, which may be due to neurotoxicity,
cardiotoxicity, hypersensitivity, mechanical
complications, or infection. Major complica-
tions (severe damage, disability, increased
costs and hospital stay) include dural punc-
ture, cardiorespiratory arrest, permanent
neurological injury, and death, while minor
complications include failed blocks, pares-
thesias, and vascular punctures. A signifi-
cant percentage of procedures use neuroa-
xial regional anesthesia. The learning curve
is important, with a higher risk of failures and
complications at the beginning, highlighting
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the role of the instructor. Postoperative ner-
ve injuries can be difficult to attribute to a
specific cause (anesthetic, surgical, positio-
nal, etc.). Local anesthetic systemic toxicity
(LAST) is a serious but infrequent complica-
tion. Adverse events in general anesthesio-
logy occur mostly in scheduled surgeries
and in the PACU, with failures in pre-anes-
thetic evaluation, informed consent, proto-
cols, and communication. Anesthesiologist
fatigue is associated with errors. Post-dural
puncture headache is frequent, benign, and
self-limited, while epidural and spinal hema-
tomas are more serious but less common
neuroaxial complications (27).

5.1. Contraindications

Regional anesthesia has absolute contrain-
dications such as patient refusal, infection
at the injection site, sepsis, circulatory in-
sufficiency, increased intracranial pressure,
and severe coagulopathy (due to the risk
of epidural hematoma and neurological da-
mage). Increased intracranial pressure is
a contraindication due to the risk of brain
herniation from cerebrospinal fluid loss. In
sepsis, sympathetic blockade can worsen
hypoperfusion. Relative contraindications
include infection distant from the puncture
site (risk of meningitis), undefined or evol-
ving neurological disease, and hypovolemic
patients. The decision to use the technique
should be based on medical judgment con-
sidering advantages and disadvantages.
Disadvantages include anesthetic failures
(lack of level or intensity, although the failure
rate is low), possible prolongation of surgery,
patient anxiety, need for operator experien-
ce, longer latency compared to general
anesthesia, inability to use it in all types of
surgeries, side effects of drugs, and risk of
permanent neurological complications (28).

e Patients with chronic diseases: The
effects of regional anesthesia should be
carefully evaluated in patients with con-
ditions such as diabetes, hypertension,
heart, lung, or kidney diseases (29).
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e Patients with vascular diseases: Re-
gional anesthesia may not be suitable for
patients with peripheral vascular disea-
ses, as they may have an increased risk
of complications such as ischemia (30).

e Patients with allergies: Allergy to local
anesthetics is an absolute contraindica-
tion for regional anesthesia (30).

e Patients with infections: The presen-
ce of a local infection in the area to be
anesthetized may contraindicate regio-
nal anesthesia (31).

e Patients with coagulation disorders:
Patients with coagulation disorders may
have an increased risk of bleeding after
regional anesthesia (32).

e Elderly patients: Regional anesthesia
may have a greater effect in elderly pa-
tients, so caution should be exercised
and side effects considered (33).

e Patients with cognitive impairment:
Patients with cognitive impairment may
have difficulty understanding regional
anesthesia instructions and may require
more sedation (30).

To decrease complications in regional
anesthesia, adequate assessment, mana-
gement, and thorough documentation are
crucial, including pre-operative evalua-
tion, maneuvers, and postanesthetic notes
for potential legal defense. Alertness and
adherence to protocols are essential; trai-
ning, supervision, avoiding working alone,
maintaining order, and labeling drugs are
recommended. Regional anesthesia is as-
sociated with lower perioperative mortality
than general anesthesia. Care strategies
include reviewing anticoagulated patients
for neuroaxial anesthesia, controlling per-
fusion pressure in the sitting position, and
improving postoperative opioid manage-
ment. Preventive measures for injuries by
the anesthesiologist include vigilance of
position, fractional injection, use of a nerve
locator and ultrasound for peripheral bloc-
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ks, and fine needles. The use of ultrasound,
new needles, and local anesthetics in lower
concentrations and volumes has decreased
local anesthetic systemic toxicity (LAST),
and lipid emulsion has improved its treat-
ment. In neuroaxial blocks, rapid diagnosis
of high block, advanced monitoring, and low
blocks are important. Other strategies inclu-
de teamwork, training, standardization, and
error reporting. Staying updated in regional
anesthesia is fundamental. Medico-legal
claims are a concern, so knowing the le-
gal framework and correctly completing the
anesthetic record are vital (27).

6. Perspectives of Regional Anesthesia
in Outpatient Orthopedic Surgery

6.1. Hip

In hip surgery, the most commonly used
anesthetic technique is typically subarach-
noid anesthesia, which allows for good pain
control and adequate muscle relaxation,
reaching a metameric level of T10. Additio-
nally, it is frequently complemented with pe-
ripheral nerve blocks, such as the femoral,
iliofascial, or PENG block, to further impro-
ve postoperative analgesia and reduce the
need for opioids. The choice between ge-
neral anesthesia and the regional technique
depends on the patient's history. Basic mo-
nitoring, including ECG, non-invasive blood
pressure, and SpOs, is routine, and in cases
of general anesthesia, additional monitoring
such as BIS is added. Antibiotic prophylaxis
with cefazolin is administered beforehand,
and in some cases, tranexamic acid is used
to reduce the risk of bleeding. This strategy
seeks to minimize complications, optimize
pain control, and promote a safer and more
comfortable recovery (34).

6.2. Shoulder and Upper Extremities

Regional anesthesia (RA) is frequently used
in shoulder and upper extremity surgery
due to its ability to provide both anesthesia
and postoperative analgesia, which is cru-
cial for pain management, as it can be sig-
nificant after these interventions. RA techni-

RECIMUNDO VOL. 9 N°2 (2025)

qgues, such as the interscalene block (ISB),
supraclavicular block, infraclavicular block,
and axillary block, allow anesthesiologists
to block specific nerves or groups of ner-
ves that innervate the surgical area. The use
of ultrasound guidance (USG) has become
essential to increase the accuracy of these
techniques, allowing real-time visualization
of nerve structures and the placement of lo-
cal anesthesia, which improves the effecti-
veness of the block and reduces the risk of
complications. Compared to general anes-
thesia, RA offers advantages such as redu-
ced postoperative pain, decreased need for
opioids, decreased postoperative nausea
and vomiting, and faster patient recovery
(35, 36).

6.3. Knee

Different regional anesthesia techniques
exist for knee arthroscopy (KA). While epi-
dural analgesia (EA) and intrathecal morphi-
ne are options, special attention is paid to
the femoral nerve block (FNB) and the ad-
ductor canal block (ACB). The FNB is noted
to provide good pain control but can cause
quadriceps weakness, increasing the risk of
falls. In contrast, the adductor canal block
is presented as an alternative that provides
sensory analgesia with minimal effect on
quadriceps strength, facilitating faster re-
covery and decreasing opioid consumption
and the risk of falls (37). Local anesthesia
for the knee is a simple and safe technique,
suitable for outpatient arthroscopic surge-
ries, involving anesthetic infiltration and se-
dation, useful in patients with contraindica-
tions to other anesthetics, although limited
for long surgeries and with potential risks of
cartilage cytotoxicity. Peripheral nerve bloc-
ks, guided by ultrasound, offer analgesia
with fewer complications, where the femo-
ral block is common for the anterior aspect
(with the risk of quadriceps motor block)
and the adductor canal block is an alterna-
tive with less motor block; the sciatic nerve
block is used for the posterolateral aspect,
and although nerve blocks have risks such
as nerve injury, infection, or toxicity, they -
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allow for effective analgesia, whether short-
term or prolonged with catheters, balancing
benefits and potential complications (38).

6.4. ERAS Protocol

The ERAS (Enhanced Recovery After Sur-
gery) protocol, developed by Dr. Olle Ljun-
gquist, is introduced as a multimodal pro-
gram that seeks to attenuate the loss of
functional capacity and improve postopera-
tive recovery. The objectives of ERAS inclu-
de enhancing patient safety and quality, re-

ducing morbidity, shortening recovery time,
decreasing surgical stress, and optimizing
pain control, early mobilization, and diet. As
a result, the aim is to reduce hospital leng-
th of stay and costs. The text also mentions
the creation of the ERAS group and Society
in 2001, and the development of the ERAS
project, a multimodal rehabilitation program
with preoperative, intraoperative, and posto-
perative strategies based on scientific evi-
dence to improve patient recovery and mi-
nimize the response to surgical stress (39).

Comprehensive

intheF
Period

Patient at
the clinic

Preoperative
preparation

Surgery and |
anesthesia

Home
discharge

High-specialty
unit

Surgery floor

Recovery ‘
J

Monitor compliance and outcomes

1

Figure 2. Perioperative care process based on the ERAS protocol

Source: Carrillo Esper & Mejia Terrazas (39).

The flowchart illustrates the perioperative
care process under the ERAS protocol, star-
ting with patient admission and progressing
through preoperative preparation, surgery
and anesthesia, hospital stay (either in a
specialized unit or surgical ward), to home

discharge, with "recovery" as a continuous
process throughout the postoperative pha-
se. This scheme highlights comprehensive
patient management and the importance
of monitoring protocol compliance and the
outcomes obtained.

+ Counseling and pre-
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¢ Fluid a e
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+ Avoid proleonged fasting

* Avoid bowel preparation.
/ + Antimicrobial prophylaxis

anal
cbilization
Postoperative [

Figure 3. Recommended strategies ERAS protocol

Source: Carrillo Esper & Mejia Terrazas (39).
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The anesthesiologist plays a crucial role
in optimizing postoperative outcomes, ad-
dressing three fundamental pillars of the
ERAS protocol: control of the surgical stress
response, adequate fluid therapy, and
effective analgesia. Central regional anes-
thesia, such as epidural, has demonstrated
the ability to mitigate the activation of the
neuroendocrine system and prevent sur-
gery-induced immunosuppression, offering
immunological and metabolic advantages
compared to general anesthesia. Regar-
ding pain management, while intravenous
opioids are common, they are associated
with longer hospital stays. Epidural anesthe-
sia and analgesia with short-acting agents
attenuate the stress response, relieve pain
(improving respiratory function), and promo-
te intestinal recovery, although caution is re-
quired due to potential side effects such as
hypotension and urinary retention. The opti-
mal analgesic strategy should allow for ear-
ly and safe mobilization, and in orthopedic
surgery, regional anesthesia combined with
paracetamol, NSAIDs, and gabapentinoids
is prioritized to minimize opioid use, with lo-
cal infiltration being a promising technique
for effective pain control with less impact on
mobility (40).

6.5. Benefits in Older Adults and Patients
with Comorbidities

In elderly patients undergoing traumatolo-
gical surgery, particularly orthopedic pro-
cedures like knee and hip arthroplasty or
hip fracture repair, the presence of multiple
comorbidities elevates their risk profile, ma-
king pre-existing conditions and the nature
of the surgery more critical than age itself
in determining functional recovery (41). In-
adequate perioperative pain management
in this population, whose physiological re-
serves and homeostatic mechanisms are
diminished with aging, leading to altered
pharmacokinetics and pharmacodynamics
of pain medications and increased sensiti-
vity to stressors, can result in complications
that negatively impact the final outcome
(41). Regional anesthesia in older adults
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requires specific considerations, including
potentially more challenging epidural tech-
niques with the need for lower local anes-
thetic volumes due to increased cephalad
spread and faster onset with greater motor
block intensity, and prolonged spinal block
duration with greater cephalad spread of
hyperbaric solutions and increased risks
with intrathecal opioids and bleeding; whi-
le peripheral blocks are useful, caution is
advised due to vascular and nerve fragili-
ty, potential pre-existing neuropathy, and
a higher risk of local anesthetic systemic
toxicity necessitating total dose reduction
(41). Epidural anesthesia/analgesia is an
effective technique for perioperative pain
management in the elderly, offering superior
relief compared to systemic opioids and po-
tentially reducing postoperative morbidity,
although with a higher risk of pruritus and
motor block, requiring careful titration due to
age-related changes in opioid requirements
and reduced renal function affecting meta-
bolite clearance, while age also influences
the diffusion and effective concentration of
local anesthetics in the neuroaxial space,
necessitating adjustments in volume and
concentration to avoid adverse effects like
hypotension (42).

7. Proposals for Inprovement and Future
Research Directions

7.1. Standardized Protocols According to
Type of Surgery
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Mild pain
Wound infiltration with local
anesthetic; Minor analgesics;
Paracetamol, NSAID

Moderate pain Severe pain
Wound infiltration Wound infiltration with

with local anesthetic; local ar?esthetw; Minor
analgesics; Paracetamol,

Minor analgesics; NSAID Opioids + regional
Paracetamol, NSAID analgesia

Figure 4. Postoperative Acute Pain Protocol

Source: Hernandez-Hernandez (43).

Table 2. Electronic Pumps: Continuous Infusion

Local Concentration Infusion Rate
Anesthetic
Bupivacaine 125% Initial 4-6 mL/h, increase by 2 mL/h

based on response

L-bupivacaine | Same as Bupivacaine | Same as Bupivacaine implicitly
implicitly

Source: Hernandez-Hernandez (43).

Table 3. Epidural Analgesia Protocols

Indication Puncture Level | Punta-catéter Level
Thorax, upper and middle | T6-T9 T6-T7
Thorax, lower and abdomen | T11-T12 T9-T10
Lower limbs L2-L3 or L3-L4 | L2-L3

Source: Hernandez-Hernandez (43).

Table 4. Elastomeric Infusers

Local Anesthetic Concentration

Bupivacaine 0.125% + fentanyl 5 pg/mL

L-bupivacaine 2 mg/mL + fentanyl 4 pg/mL

Ropivacaine Not specified in this table

Source: Hernandez-Hernandez (43).
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The protocolization of treatments is funda-
mental to standardize postoperative anal-
gesia and reduce therapeutic variability,
necessitating the development of specific
guidelines per surgical procedure to optimi-
ze care and outcomes, and further research
into their impact (43). Effective postopera-
tive pain management relies on multimodal
analgesia, combining various agents like
NSAIDs, opioids, and regional anesthesia,
and the principles of balanced analgesia
which prioritize opioid-sparing techniques
(43). Patient preferences are crucial in se-
lecting analgesic management, alongside
protocols to minimize common and serious
side effects; regional analgesia, particular-
ly continuous epidural or PCEA, proves hi-
ghly effective for major surgeries, offering
superior pain control and reduced opioid
use, potentially attenuating surgical stress
and improving recovery (43). When regio-
nal techniques are not feasible, PCA or IV
infusions with scheduled paracetamol and
NSAIDs, within a multimodal approach, are
recommended, emphasizing the role of acu-
te pain units in ensuring consistent care and
communication (43). Peripheral nerve bloc-
ks and local infiltrations effectively reduce
postoperative pain and opioid consumption
in orthopedic surgery, with oral multimodal
analgesia being an option for minor proce-
dures, while the role of adjuvant modalities
like cryotherapy and TENS requires further
investigation, and intravenous dexmedeto-
midine shows promise as an opioid-sparing
adjunct (44). However, significant knowle-
dge gaps regarding optimal protocols and
long-term outcomes highlight the ongoing
need for high-quality research to refine
postoperative pain management in orthope-
dic surgery (44).

7.2.Training and Learning Curve for Anes-
thesiologists

Over the last two decades, Regional Anes-
thesia (RA) has experienced a technolo-
gy-driven revitalization, although fundamen-
tal anatomical knowledge remains essential
to avoid sonoanatomy errors. RA training
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has significantly advanced through simula-
tion, offering a safe environment for deve-
loping technical and non-technical skills via
practice and expert feedback. Simulation,
combined with didactic teaching, provides
an effective balance of learning and cost.
Organizations like the ASA and ASRA have
established minimum experience require-
ments and certification programs in ultra-
sound-guided regional anesthesia (UGRA),
highlighting the importance of supervised
practice. Ultrasound guidance has impro-
ved success rates and reduced block onset
times. RA simulation includes various mo-
dalities, from in vitro models to virtual rea-
lity and crisis simulation. The future of RA
training is geared towards evaluating the
cost-effectiveness of different simulation te-
chniques and their impact on patient safety,
within a competency-based medical educa-
tion framework. Establishing a standardized
RA curriculum is crucial for ensuring training
quality and improving patient access to this
technique, integrating it into basic anesthe-
sia training and continuous professional de-
velopment (45).

The American Society of Anesthesiologists
(ASA) has established minimum experien-
ce thresholds for neuroaxial anesthesia (50
blocks for epidural and spinal), but recom-
mendations for peripheral nerve blocks (40
for blocks and 25 for pain management) are
less specific and do not detail block types,
potentially leading to superficial training.
These recommendations are based on lear-
ning curve studies, such as Kopacz and
Neal's, which demonstrated an initial impro-
vement in procedural success around 20-25
attempts, followed by a potential decrease
and recovery with 50 or more procedures.
However, the quality of execution is not gua-
ranteed by quantity. Learning curves vary by
procedure, with regional anesthesia being
more complex than basic general anesthe-
sia skills, and epidural particularly challen-
ging, requiring a high number of attempts
to achieve competency. Analyzing these
curves is crucial for residency program su-
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pervision, individual learning assessment,
determining the appropriate number of ca-
ses for training, adopting new techniques,
and planning program capacity, conside-
ring faculty-to-resident ratios and the need
to maintain medical staff skills (46).

7.3. Evaluation of Long-Term Impact on
Postoperative Chronic Pain

Postoperative chronic pain (PPCP) in or-
thopedic surgery varies significantly (15%-
65%) and is associated with factors such
as surgical technique, acute postoperative
pain (APOP), prior opioid use, smoking, and
mood disorders. One study found unusual
factors like "excessive" clinical follow-up,
teaching institutions, and insurance type.
Orthopedic trauma surgery presents the
highest incidence of PPCP (65%), with risk
factors including female sex, prior trauma
surgery, and preoperative pain intensity,
which impacts functionality, causes disa-
bility, and increases resource utilization. In
total knee arthroplasty, up to 34% persist
with moderate to severe PPCP at three mon-
ths, with preoperative pain, APOP intensity,
anxiety, and expected pain being impor-
tant risk factors. Surprisingly, up to 32.7%
of patients undergoing knee arthroscopy, a
procedure to treat chronic pain, experience
moderate to severe PPCP at 18 months, with
preoperative pain and preoperative analge-
sic use being identified risk factors (47).

Postoperative chronic pain (PPCP) is a com-
mon complication in various orthopedic sur-
geries, with an overall prevalence of around
20%, although it varies by surgery type. In
hip arthroplasty, the patient's preoperative
status is a significant predictor of postope-
rative outcome, while iliac crest graft har-
vesting can cause persistent pain. In knee
arthroplasty, a considerable proportion of
patients experience PPCP, often with a neu-
ropathic component, and pre-existing pain
and central sensitization are important risk
factors. Knee arthroscopy, paradoxically,
can also lead to PPCP. Similarly, in shoul-
der surgery, preoperative pain is a key pre-
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dictive factor for postoperative pain, and in
shoulder arthroplasty, various clinical and
demographic variables influence the chroni-
city of pain. Rotator cuff repair is particularly
associated with postoperative pain, where
preoperative pain also plays a crucial role.
In general, preoperative pain emerges as
a consistent risk factor for the development
of PPCP in multiple types of orthopedic sur-

gery (48).
8. Analysis of New Technologies.
8.1. Artificial Intelligence-Controlled Blocks

Artificial Intelligence (Al) is revolutionizing
postoperative pain management by offering
personalized predictions based on patient
history, allowing for adjustments in analge-
sic doses to avoid overmedication or insuffi-
cient relief. Al-powered monitoring devices
track pain in real-time and automatically
adjust medication, improving the patient ex-
perience. Al is also integrated with biofee-
dback and virtual reality to distract and re-
duce pain perception. However, excessive
reliance on technology and the importance
of maintaining doctor-patient communica-
tion are cautioned (49).

Specific Al techniques, such as predictive
algorithms based on machine learning and
deep neural networks, analyze large amounts
of data to forecast pain intensity and respon-
se to analgesics, thereby personalizing treat-
ment. Natural Language Processing (NLP)
is used to interpret patients' descriptions of
pain, offering additional insights. The accura-
cy of these systems depends on the quality
of the training data, and ensuring their inter-
pretability is crucial (49).

Al-based tools and platforms include mobile
applications for pain logging and monitoring
that alert to intense episodes and offer re-
minders and exercises. Wearable devices
detect physiological changes correlated
with pain, allowing for real-time adjustments.
Patient-controlled analgesia systems with
Al automatically adjust medication. In re-
search, Al analyzes large datasets to identi-

RECIMUNDO VOL. 9 N°2 (2025)



OPTIMIZATION OF REGIONAL ANESTHESIA IN ORTHOPEDIC SURGERY: BENEFITS IN POSTOPERATIVE

PAIN MANAGEMENT

fy biomarkers and future therapies. Despite
its potential, challenges such as data priva-

cy and the need for adequate training must

be addressed, emphasizing Al's comple-

mentary role in patient care to achieve more
precise and personalized treatment (49).

8.2. Portable Ultrasound and Color Doppler

US 20 picture

Cokor Doppler

Figure 5. Color Doppler superimposed on 2D ultrasound of the anterolateral area of the
neck at the C6/C7 level. Observing only the 2D ultrasound image, one might confuse the
vertebral artery (2) with a nerve root. Both can appear similar on 2D ultrasound. Color
Doppler helps to distinguish nerve roots from blood vessels. 1) Carotid artery; 2) Vertebral
artery; 3) Inferior thyroid vein

Source: Boezaart & lhnatsenka (50).

Color Doppler assists in distinguishing mo-
ving structures, such as blood flow within
vessels, which is particularly useful as hypoe-
choic proximal nerves can be mistaken for
blood vessels (50). While 2D ultrasound can
be ambiguous, color Doppler helps differen-
tiate nerve roots from blood vessels and de-
termine blood flow direction (50). However,
color Doppler is most effective when ultra-
sound waves are nearly parallel to the flow,
and may produce false negatives at near-90°
angles or with low flow; tilting the probe and
using power Doppler can improve vessel re-
cognition in such cases (50).

The advent of portable ultrasound devices
has enabled point-of-care (POC) diagnostics,
bringing imaging to the patient's bedside ra-
ther than a separate lab (51). Studies show
that adding portable ultrasound to routine
clinical exams changes, adds, or confirms a
significant diagnosis in one out of three pa-
tients, making it indispensable for diagnos-
tic purposes (51). This bedside accessibility
also facilitates faster diagnosis and immedia-
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te treatment initiation, improving patient out-
comes (51). Furthermore, it can reduce the
need for invasive tests by aiding in diagnosis
at the bedside (51). Portable devices are es-
pecially beneficial in out-of-hospital settings
like remote medical camps and low-income
treatment centers (51).

Applications

Portable ultrasound devices have various
applications. In musculoskeletal issues,
they can diagnose conditions like partial or
full rotator cuff tears with sensitivity compa-
rable to arthroscopy, potentially avoiding
unnecessary MRIs and saving time and mo-
ney (51). They are also used in knee joints
to rule out meniscus tears and in emergency
departments to detect inflamed joints, hel-
ping exclude joint effusion (51). Furthermo-
re, portable ultrasound guides treatments in
the operating room, such as administering
regional anesthetic blocks and detecting
lesions/masses for ultrasound-guided biop-
sies. In vascular surgery, they aid in identif-
ying relevant blood vessels (51).
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8.3. Automated Infusion Systems for Continuous Regional Analgesia

Figure 6. Automated Infusion Systems. Electronic Infusion Pump (left). Variable Rate Infu-
ser + PCA (right)

Source: Eimil Rua (52).

Benefits:

* Prolongs postoperative analgesia time.
® [ncreases analgesic quality.

e Minimizes opioid-related side effects.

e Allows for the successful incorporation
of new surgical procedures.

* Improves patient satisfaction.

e Decreases sleep disturbances.

e Shortens hospital stay.

e Facilitates early rehabilitation (52).
Features:

e Lightweight and comfortable to wear

e _Easy to handle and understand for the
patient and caregiver.

e Possibility of continuous infusion and/or
boluses.

e Adaptation to analgesic needs.
e Ability to administer different doses.

e |nfusion time adjusted to patient needs,
duration 2-5 days.
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e Sufficient capacity for the required local
anesthetic.

e Possibility of reprogramming to adjust to
analgesia requirements.

e Variable basal flow rate (maximum pos-
sible flow range).

e Adequacy between the programmed
and administered dose.

e Consistency in perfusion.
e Lowest possible cost (52).

The viability of an automated continuous in-
fusion system in different clinical contexts
depends on several factors, including the
technology used, the ability to integrate into
the hospital environment, patient safety, and
cost-effectiveness.

Potential Advantages:

* Precision and Control: Allows for preci-
se administration of medications or nu-
trients, adapting to the specific needs of
the patient.

e Consistency: Reduces human errors in
dosage and infusion control.
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Real-time Monitoring: Facilitates the
early detection of complications or chan-
ges in the patient's condition.

Efficiency: Can decrease the workload
of healthcare personnel and optimize re-
sources (53).

Clinical Contexts Where It May Be Viable:

o.

Intensive Care: For continuous adminis-
tration of vasoactive drugs, sedatives, or
parenteral nutrition.

Neonatology: For infants with precise
and delicate requirements.

Surgery: During procedures requiring
controlled and precise infusions.

Oncology: For continuous or frequently
administered chemotherapy.

Rehabilitation and Pain Management:
With analgesics or sedatives in automa-
ted infusion pumps (53).

Comparison of Strategies.

Ultrasound-Guided Blocks vs. General
Anesthesia:

Precision and Safety: Ultrasound gui-
dance allows real-time visualization of
nerves, vessels, and the needle, ena-
bling precise local anesthetic placement
and reducing complications like vascular
or nerve puncture compared to anatomi-
cal landmark-based techniques. General
anesthesia, inducing unconsciousness,
necessitates comprehensive airway and
cardiovascular control with inherent risks
related to intubation, mechanical ventila-
tion, and systemic effects of anesthetic
drugs (19, 54-56).

Recovery: Patients receiving ultra-
sound-guided blocks often experience
faster recovery with fewer systemic side
effects (e.g., nausea, vomiting) than tho-
se under general anesthesia. This is due
to the localized nature of regional anes-
thesia, avoiding whole-body exposure
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to anesthetic drugs. General anesthesia
can lead to a longer recovery period due
to residual drug effects (19, 54-56).

Postoperative Analgesia: Ultrasound-gui-
ded peripheral nerve blocks can pro-
vide excellent postoperative pain relief
in the blocked region, often decreasing
the need for systemic analgesics, inclu-
ding opioids, and their associated side
effects. Analgesia after general anesthe-
sia typically relies on systemic medica-
tions (19, 54-56).

Suitability: General anesthesia is ne-
cessary for extensive surgeries, proce-
dures requiring complete immobility, or
in patients who cannot tolerate regional
anesthesia. Ultrasound-guided blocks
are ideal for surgeries on extremities, the
abdominal wall, and other specific areas
where selective nerve blockade is possi-
ble (19, 54-56).

Continuous Catheters vs. Systemic Anal-
gesia:

Prolonged Pain Control: Continuous
catheters, placed near peripheral nerves
or in the epidural space, allow for conti-
nuous or intermittent administration of lo-
cal anesthetic for several days. This pro-
vides more sustained and effective pain
control compared to systemic analgesia
(oral or intravenous), which often results
in fluctuations in pain levels (19, 54-56).

Opioid Reduction: Continuous regional
analgesia can significantly reduce the
need for systemic opioids, which in turn
decreases opioid-related side effects
such as sedation, constipation, nau-
sea, and the risk of respiratory depres-
sion. Systemic analgesia often relies on
opioids for moderate to severe pain, with
their consequent adverse effects (19,
54-56).

Functional Recovery: Better pain con-

trol with continuous catheters facilita- y 7a.N
b

tes early mobilization, physical therapy,
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and ultimately, faster functional recovery
compared to inadequate systemic anal-
gesia (19, 54-56).

Personalized Management: Continuous
catheters allow for adjustment of the local
anesthetic dose and administration regi-
men according to individual patient needs
and pain intensity over time. Systemic
analgesia is often based on fixed doses

or patient demand, which may not always
match changing pain needs (19, 54-56).

Risks: Continuous catheters carry a
risk of infection at the insertion site and
the possibility of catheter displacement,
which could compromise analgesia. Sys-
temic analgesia, especially with opioids,
has its own risks, such as the side effects
mentioned above (19, 54-56).

Table 5. Comparative Table

Feature

Ultrasound-Guided Blocks
(Single Dose)

Ultrasound-Guided
Continuous Catheters

Block Duration
on the drug)

Limited (hours to a day, depending | Prolonged (days, while the

catheter is active)

Need for Rescue | Higher, as the

block effect | Lower, with

adjustable

Analgesia diminishes continuous analgesia
Complications Lower risk  of  systemic
complications, of
nerve/vascular puncture | Risk of
infection, catheter displacement,
complications similar to single
dose
Time to | Potentially faster (without
Ambulation prolonged motor block) | May be

slower initially (if motor block is
present), but better long-term due
to better pain control

Source: Arévalo Gutiérrez; Prat Calero et al; Ramirez Flores; Vera, Lorenti, Lépez, Ron,
Solis, Zambrano, Romina, et al (19,54-56).

Additional Considerations: e Complications from ultrasound-guided
blocks are generally low when perfor-
med correctly. Catheters introduce ad-
ditional risks but can avoid the need for

multiple injections.

e The duration of the block with single-do-
se techniques depends on the local
anesthetic used (e.g., lidocaine vs. bu-
pivacaine vs. ropivacaine) and can be
extended with adjuvants. e The time to ambulation may be initially
affected by motor block, but better long-
term pain control with catheters can fa-

cilitate earlier rehabilitation (19, 54-56).

e The need for rescue analgesia is inver-
sely related to the duration and effective-
ness of the initial block. Catheters allow
for the administration of additional bolu-
ses or infusions to maintain analgesia.
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Conclusions

The optimization of regional anesthesia (RA)
in orthopedic surgery, through the imple-
mentation of modern techniques such as
ultrasound-guided blocks and continuous
catheters, represents a significant advan-
cement in postoperative pain management
with multiple proven benefits. Compared to
general anesthesia and traditional systemic
analgesia, modern RA offers greater preci-
sion and safety in the administration of local
anesthetics, resulting in more effective and
specific pain control in the surgical region.

Ultrasound-guided peripheral nerve bloc-
ks allow for real-time visualization of nerve
structures, minimizing the risk of complica-
tions and facilitating early and high-quality
postoperative analgesia, often with a signi-
ficant reduction in the need for opioids and
their associated side effects. This translates
to faster recovery, early mobilization, and
greater patient satisfaction.

For their part, continuous catheters extend
the analgesic benefits of RA for several
days, providing sustained and adjusta-
ble pain control tailored to the individual
patient's needs over time. This prolonged
analgesia facilitates rehabilitation, decrea-
ses the incidence of postoperative chronic
pain, and contributes to a potentially shorter
hospital stay.

While the successful implementation of
these techniques requires specialized tra-
ining and well-defined protocols, current
evidence strongly supports their value in
optimizing postoperative pain management
in orthopedic surgery. Modern RA, by mini-
mizing exposure to general anesthetics and
reducing dependence on systemic opioids,
not only improves the patient experience
but can also have a positive impact on heal-
thcare costs and long-term outcomes. Con-
sequently, the integration and continuous
improvement of image-guided RA techni-
ques should be a priority in contemporary
orthopedic practice.

RECIMUNDO VOL. 9 N°2 (2025)

Bibliografia

Reyes Martinez MA. Bloqueo peridural cervical para
analgesia en cirugia ortopédica de humero [Inter-
net]. Universidad Veracruzana; 2022. Available
from:  https://cdigital.uv.mx/server/api/core/bits-
treams/b137466¢-1678-4c53-a319-1b27d996524b/
content

Vazquez Delgado T. Eficacia de la buprenorfina vs
fentanil en la analgesia postoperatoria en cirugia
ortopédica de miembro inferior en el Hospital Uni-
versitario de Puebla durante el periodo 2021-2022
[Internet]. Benemérita Universidad Auténoma de
Puebla; 2022. Available from: https://repositorioins-
titucional.buap.mx/server/api/core/bitstreams/9a-
39c92b-d5b0-439b-a1da-904972a5afff/content

Guzméan Molina G. Eficacia analgésica con el uso
de dexmedetomidina versus dexametasona en
blogueo supraclavicular ecoguiado en cirugia
ortopédica de miembro superior en el Centro de
Especialidades Médicas ISSET. [Internet]. UNI-
VERSIDAD JUAREZ AUTONOMA DE TABAS-
CO; 2024. Available from: https://ri.ujat.mx/bits-
tream/200.500.12107/4480/1/Gabriela  Guzman
Molina.pdf

Gaston CU. Manejo de analgesia post operatoria
con morfina peridural en cirugias abdominales
superiores Hospital Regional Docente de Caja-
marca periodo enero a diciembre 2017. [Internet].
UNIVERSIDAD NACIONAL DE CAJAMARCA;
2021. Available from: https://repositorio.unc.edu.
pe/bitstream/handle/20.500.14074/4529/P016-
42833277-S.pdf?sequence=1&isAllowed=y

RUIZ DBI V. SULFATO DE MAGNESIO COMO AD-
YUVANTE DEL MANEJO DEL DOLOR POSTOPE-
RATORIO EN PACIENTES SOMETIDOS A PLAS-
TIA INGUINAL BAJO ANESTESIA REGIONAL
EN EL HOSPITAL DR. FERNANDO QUIROZ GU-
TIERREZ [Internet]. UNIVERSIDAD NACIONAL
AUTONOMA DE MEXICO; 2023. Available from:
https://ru.dgb.unam.mx/bitstream/20.500.14330/
TES01000837276/3/0837276.pdf

Payo Salvatierra A. Anestesia y sus tipos. Desde su
origen hasta la actualidad. NPunto. 2024;7(72).4—
25.

Gohad R, Jain S. Regional Anaesthesia, Contempo-
rary Techniques, and Associated Advancements:
A Narrative Review. Cureus [Internet]. 2024 Jul
26;16(7). Available from: https://www.cureus.
com/articles/269126-regional-anaesthesia-con-
temporary-techniques-and-associated-advance-
ments-a-narrative-review

383




ACUNA MEZA, D. S., ANDA SUAREZ, P. X., ESTRADA SEGURA, G. J., & ACOSTA PASTRANO , K. A.

CARRILLO GARCIA F. HISTORIA Y EVOLUCION DE
LOS BLOQUEOS DE PLEXOS [Internet]. 2023.
Available from: https://campusvygon.com/es/his-
toria-evolucion-bloqueos-plexos/

Tamayo Gomez E. Anestesia Regional [Internet]. Uni-
versidad de Valladolid; 2019. Available from: https://
biocritic.es/wp-content/uploads/2019/10/1f.-Anes-
tesia-regional.pdf

Garcia Medina H. Satisfaccion post anestesia en
cirugias electivas de traumatologia y ortopedia
de pacientes mayores de 18 afios en el Hospital
General de Zona No. 3 IMSS de Aguascalien-
tes [Internet]. UNIVERSIDAD AUTONOMA DE
AGUASCALIENTES; 2022. Available from: http://
bdigital.dgse.uaa.mx:8080/xmlui/bitstream/hand-
le/11317/2340/457703.pdf?sequence=1&isA-
llowed=y

Hernanz de la Fuente FL, Rabanal Llevot JM. Clinica
Quirdrgica. Tema 1.4. Fundamentos de la aneste-
sia [Internet]. Universidad de Cantabria; Available
from: https://ocw.unican.es/pluginfile.php/569/
course/section/255/tema_1.4.pdf

Vera JED, Lorenti DJR, Lopez DAQ, Ron SAR, Solis
MLR, Zambrano ALC, et al. Avances en técnicas
de anestesia regional: Beneficios y consideracio-
nes. Brazilian J Implantol Heal Sci. 2024;6(4):128-
40.

Gormley J, Gouveia K, Sakha S, Stewart V, Emmanuel
U, Shehata M, et al. Reduction of opioid use after
orthopedic surgery: a scoping review. Can J Surg
[Internet]. 2022 Oct 20;65(5):E695-715. Available
from: http://www.canjsurg.ca/lookup/doi/10.1503/
cjs.023620

Kamel |, Ahmed MF, Sethi A. Regional anesthesia
for orthopedic procedures: What orthopedic sur-
geons need to know. World J Orthop [Internet].
2022 Jan 18;13(1):11-35. Available from: https://
www.wjgnet.com/2218-5836/full/v13/i1/11.htm

Mufioz L. Aporte de la anestesia regional a la cirugia
traumatoldgica y ortopédica en la Ultima década.
Rev Chil Anest. 2011;(40):187-91.

Hutton M, Brull R, Macfarlane AJR. Regional anaes-
thesia and outcomes. BJA Educ [Internet]. 2018
Feb;18(2):52-6. Available from: https://linkinghub.
elsevier.com/retrieve/pii/S2058534917301907

Doo AR, Kang S, Kim YS, Lee TW, Lee JR, Kim DC.
The effect of the type of anesthesia on the quality
of postoperative recovery after orthopedic forearm
surgery. Korean J Anesthesiol [Internet]. 2020 Feb
1,73(1):58-66. Available from: http://ekja.org/jour-
nal/view.php?doi=10.4097/kja. 19352

384

Moran Ramos KY. USO DEL ULTRASONIDO EN
BLOQUEOS DEL PLEXO BRAQUIAL EN PACIEN-
TES CON TRAUMA DE MIEMBRO SUPERIOR [In-
ternet]. UNIVERSIDAD DE SAN CARLOS DE GUA-
TEMALA; 2022. Available from: https://biblioteca.
medicina.usac.edu.gt/tesis/pre/2022/093.pdf

Ramirez Flores HJ. Uso de ultrasonografia en blo-
queos de nervios periféricos para procedimientos
quirdrgicos. Rev Postgrados Med [Internet]. 2024
Jun 30;3(2):1-12. Available from: https://revista-
postgradomedicina.com/index.php/revista/article/
view/42

Wu Z, Wang Y. Development of Guidance Techniques
for Regional Anesthesia: Past, Present and Future.
J Pain Res [Internet]. 2021 Jun;Volume 14:1631-
41. Available from: https://www.dovepress.com/
development-of-guidance-techniques-for-regio-
nal-anesthesia-past-presen-peer-reviewed-full-
text-article-JPR

Dominguez Jiménez J. Eficacia de dexmedetomidi-
na como coadyuvante en anestesia epidural en
ceséarea [Internet]. UNIVERSIDAD JUAREZ AU-
TONOMA DE TABASCO; 2024. Available from:
https://ri.ujat.mx/bitstream/200.500.12107/4508/1/
Jonathan Dominguez Jiménez.pdf

Nazar Arteaga CG. Uso de lidocaina como coad-
yuvante en el dolor postoperatorio en pacientes
con colecistectomia laparoscopica bajo anestesia
regional. Hospital General de Pachuca, durante
febrero-marzo 2022 [Internet]. UNIVERSIDAD AU-
TONOMA DEL ESTADO DE HIDALGO; 2022. Avai-
lable from: http://dgsa.uaeh.edu.mx:8080/jspui/
bitstream/231104/4851/1/ATD245.pdf

Pacheco Ovares E. Eficacia clinica de coadyuvantes
farmacoldgicos y no farmacoldgicos como estra-
tegias terapéuticas para la analgesia postopera-
toria mediante anestesia y/o analgesia regional
periférica perineural para miembro superior € in-
ferior. [Internet]. UNIVERSIDAD DE COSTA RICA;
2025. Available from: https://www.kerwa.ucr.ac.cr/
server/api/core/bitstreams/e64fe04b-7eb3-4e8b-
90c9-667a0bc9215b/content

LOPEZ MEDINA HA. EFICACIA ANALGESICA DE
LA ROPIVACAINA 0.2% MAS SULFATO DE MAG-
NESIO COMPARADO CON ROPIVACAINA 0.2%
POR CATETER PERIDURAL PARA EL CONTROL
DEL DOLOR POSTOPERATORIO EN PACIENTES
POSTOPERADAS DE HISTERECTOMIA [Internet].
Universidad Auténoma de Chihuahua; 2025. Avai-
lable from: http://repositorio.uach.mx/801/1/Tesis
Hazel Alejandra Lépez Medina.pdf

RECIMUNDO VOL. 9 N°2 (2025)



OPTIMIZATION OF REGIONAL ANESTHESIA IN ORTHOPEDIC SURGERY: BENEFITS IN POSTOPERATIVE

PAIN MANAGEMENT

Rueda F, Miranda P, Araneda A, Altermatt F. ANAL-
GESIA REGIONAL CONTINUA: UN RESUMEN DE
LA LITERATURA ACTUAL. Curso Anest Reg para
cirugia ambulatoria [Internet]. 2020 Oct 5; Avai-
lable from: https://revistachilenadeanestesia.cl/
book_chapter/carsach2020-08/

Asencio Portugal CR, Velasco Merino JJ. Anestesia
Regional Avanzada. In: Actualizacion en Aneste-
siologfa. 14th ed. Quito, Ecuado: Cuevas Editores
SAS; 2024.

Bidifna PJ. Demanda de mala praxis por anestesia re-
gional. [Internet]. Universidad ISALUD; 2024. Avai-
lable from: http://repositorio.isalud.edu.ar/xmlui/
bitstream/handle/123456789/3316/TF346.033
B474.pdf?sequence=1&isAllowed=y

Lacassie H, De La Cuadra JC, Kychenthal C, Irarra-
zaval MJ, Altermatt F. Anestesia espinal. Parte Il
Importancia de la anatomia, indicaciones y drogas
méas usadas. Rev Chil Anest [Internet]. 2021;50(2).
Available from: https://revistachilenadeanestesia.
cl/revchilanestvb0n02-17/

Klaus Mdller C, Nentwig GH. La anestesia local en
el paciente con enfermedades cronicas. ;,Qué se
puede hacer y qué es lo que no se puede hacer?
Quintessence [Internet]. 2011;24(8):413-8. Avai-
lable from: https://www.elsevier.es/es-revista-quin-
tessence-9-articulo-la-anestesia-local-el-pacien-
te-X0214098511280081

Vallejo AM. Posibles Complicaciones de la Anestesia
Regional Intravenosa (ARIV) [Internet]. 2024. Avai-
lable from: https://blog.amolca.com/complicacio-
nes-de-la-anestesia-regional-intravenosa-ariv/

Carrio M. Efectos secundarios de la anestesia: ries-
gos y complicaciones [Internet]. 2022. Available
from: https://www.mba.eu/blog/efectos-secunda-
rios-anestesia/#:~:text=Algunas posibles compli-
caciones de la,el lugar de la inyeccion.

Colomina Soler J. ANESTESIA EN TRAUMATOLO-
GIA [Internet]. Available from: https://www.scartd.
org/arxius/cot06.pdf

Sandra. Efectos de la anestesia general en personas
mayores [Internet]. 2025. Available from: https://
www.sta-rita.com/efectos-de-la-anestesia-gene-
ral-en-personas-mayores/#:~:text=Confusion y
alteraciones cognitivas: Uno,dias posteriores a la
anestesia.

Carrasco Pereira P, Lopez Coloma R, Grande Fer-
nandez A, Lorente Ruifernandez MT. Anestesia
en cirugia de cadera [Internet]. 2024. Available
from: https://anestesiar.org/2024/anestesia-en-ci-
rugia-de-cadera/

RECIMUNDO VOL. 9 N°2 (2025)

Sripada R, Bowens C. Regional Anesthesia Proce-
dures for Shoulder and Upper Arm Surgery Upper
Extremity Update—2005 to Present. Int Anesthesiol
Clin [Internet]. 2012;50(1):26-46. Available from:
https://journals.lww.com/00004311-201205010-
00004

Fisher ND, Bi AS, Umeh UQO, Vaz AM, Egol KA. Re-
gional anesthesia for acute and subacute orthope-
dic trauma: A review. Heal Sci Rev [Internet]. 2022
Sep;4:100031. Available from: https://linkinghub.
elsevier.com/retrieve/pii/S2772632022000204

Pineda-Pérez J de la C, Cano-Garcia J, Toledo-Bo-
canegra G, Mesinas-Nicolas PP, Ferretiz-Lopez G,
Garcia-Pérez OM, et al. Analgesia perioperatoria
en reemplazo articular de rodilla: experiencia en
el Hospital Aranda de la Parra durante el proyecto
Pain Out México 2023. Rev Mex Anestesiol [Inter-
net]. 2024;47(4):257-63. Available from: https://
www.medigraphic.com/cgi-bin/new/resumen.
cgi?IDARTICULO=116232

Abreo Ariza A, Gili Grahit S, Riafio Zalbidea LT. Pro-
cedimientos anestésicos y analgésicos en cirugia
articular de rodilla. Rev Espafiola Traumatol La-
bor [Internet]. 2020 Jun;3(1). Available from: ht-
tps://fondoscience.com/retla/vol03-fasc1-num05/
fs2005009-procedimientos-anestesicos-ciru-
gia-articular-rodilla

Carrillo Esper R, Mejia Terrazas GE. Topicos selectos
de anestesia para cirugia ortopédica. Mexico, D.
F: Editorial Alfil; 2017.

Mejia-Terrazas GE. Protocolo ERAS aspectos de
analgesia. Rev Mex Anestesiol. 2016;39(1):160-1.

Ramirez B. G, Miranda H. P, Altermatt C. F. MANE-
JO ANESTESICO Y ANALGESICO DEL PACIEN-
TE ORTOGERIATRICO. Rev Chil Anest [Internet].
2014 Jul 15;43(3). Available from: http://revistachi-
lenadeanestesia.cl/manejo-anestesico-y-analgesi-
co-del-paciente-ortogeriatrico/

Dominguez JE, Halaszynski TM. Anestesia Regio-
nal Perioperatoria en el Anciano [Internet]. 2025.
Available from: https://www.nysora.com/es/temas/
sub-especialidades/anciano/anestesia-regio-
nal-perioperatoria-ancianos/

Hernandez-Hernandez L. Protocolos para el control
del dolor perioperatorio en cirugia general. Rev
Mex Anestesiol. 2012;35(1):130-3.

Aldanyowi SN. Novel Techniques for Musculoskele-
tal Pain Management after Orthopedic Surgical
Procedures: A Systematic Review. Life [Internet].
2023 Dec 15;13(12):2351. Available from: https://
www.mdpi.com/2075-1729/13/12/2351

385




ACUNA MEZA, D. S., ANDA SUAREZ, P. X., ESTRADA SEGURA, G. J., & ACOSTA PASTRANO , K. A.

Cisneros EAL. ESPECIALIZACION EN ANESTESIO-
LOGIA, REANIMACION Y TERAPIA DEL DOLOR
[Internet]. PONTIFICIA UNIVERSIDAD CATOLICA
DEL ECUADOR; 2022. Available from: https://re-
positorio.puce.edu.ec/server/api/core/bitstreams/
1d60ed9c-24fc-4c14-9466-2949a0e45ede/content

Gallardo NJ, Contreras-Dominguez V. Docencia en
anestesia regional: quién, como y cuanto para ha-
cerlo bien. Rev Chil Anest. 2010;(39):24-35.

Bernucci Pérez MF, Merino Urrutia WA, Fernanda
Diaz Gil MF, Feijoo Palacios MJ, Orellana Cace-
res JJ, Balkenhol Neumann MA, et al. Dolor cré-
nico posoperatorio: Una revision necesaria de
un problema ignorado. Rev Chil Anest [Internet].
2022;51(1):31-9. Available from: https://revistachi-
lenadeanestesia.cl/revchilanestv5127121603/

Roca Ruiz LJ. Dolor neuropatico posquirdrgico en
traumatologia. Rev Espafiola Artrosc y Cirugia
Articul [Internet]. 2022 Apr;29(2). Available from:
https://fondoscience.com/reaca/vol29-fasc2-
num76/fs2112040-dolor-neuropatico-postquirurgi-
co-traumatologia

Ochoa Moreno ME, Cartuche Andrade MP. Recur-
sos didacticos: mediadores eficaces para desa-
rrollar la lectura comprensiva. Tesla Rev Cientifica
[Internet]. 2023 Mar 20;3(1):e150. Available from:
https://tesla.puertomaderoeditorial.com.ar/index.
php/tesla/article/view/150

Boezaart A, lhnatsenka B. Ultrasound: Basic unders-
tanding and learning the language. Int J Shoul-
der Surg [Internet]. 2010;4(3):55. Available from:
http://www.internationalshoulderjournal.org/text.
asp?2010/4/3/55/76960

CITAR ESTE ARTICULO:

PostDICOM. El futuro del ultrasonido esta aqui: dis-
positivos portatiles de ultrasonido portatiles [Inter-
net]. [cited 2025 May 16]. Available from: https://
www.postdicom.com/es/blog/ultrasound-device

Eimil Rua S. SISTEMAS DE ADMINISTRACION
DE ANALGESIA CONTINUA [Internet]. 2018.
Available from: https://arydol.com/wp-content/
uploads/2018/08/06.pdf

Schlegel A, Mergental H, Fondevila C, Porte RJ,
Friend PJ, Dutkowski P. Machine perfusion of
the liver and bioengineering. J Hepatol [Inter-
net]. 2023 Jun;78(6):1181-98. Available from:
https://linkinghub.elsevier.com/retrieve/pii/
S5016882782300097 1

Arévalo Gutiérrez L. Aplicaciones actuales de la ul-
trasonografia en anestesia. Alerta, Rev cientifica
del Inst Nac Salud [Internet]. 2023 Jan 30;6(1):61-
9. Available from: https://www.lamjol.info/index.
php/alerta/article/view/15610

Prat Calero A, Valero Lifian AS, Abad Martinez M,
Moreno Flores B, Alises Sanz R, lbarra Marti ML.
Técnica del catéter de analgesia intraincisional.
Una alternativa para el control del dolor postope-
ratorio en cirugia de la mama. Rev Senol y Patol
Mamar [Internet]. 2012 Apr;25(2):74-8. Available
from:  https://linkinghub.elsevier.com/retrieve/pii/
S50214158212700166

Vera JED, Lorenti DJR, Lopez DAQ, Ron SAR, Solis
MLR, Zambrano ALC, et al. AVANCES EN TECNI-
CAS DE ANESTESIA REGIONAL: BENEFICIOS Y
CONSIDERACIONES. Brazilian J Implantol Heal
Sci [Internet]. 2024 Apr 2;6(4):128-40. Available
from: https://bjihs.emnuvens.com.br/bjihs/article/
view/1832

®HO
AT

CREATIVE COMMONS RECONOCIMIENTO-NOCO-
MERCIAL-COMPARTIRIGUAL 4.0.

Acuia Meza , D. S., Anda Suarez, P. X., Estrada Segura, G. J., & Acosta Pas-
trano , K. A. (2025). Optimization of regional anesthesia in orthopedic surgery:
Benefits in postoperative pain management. RECIMUNDO, 9(2), 361-386. ht-
tps://doi.org/10.26820/recimundo/9.(2).abril.2025.361-386

386

RECIMUNDO VOL. 9 N°2 (2025)



