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The Evolution of Patient Safety in Regional Anesthesia:
A Journey of Progress

by Vikram Bansal, MD; Nicholas Statzer, MD; and Danial Shams, MD

INTRODUCTION

From its inception in the late 19th century to
today, the field of regional anesthesia has
undergone significant changes that have
reduced risks and improved patient outcomes.
This evolution has been shaped by innovations,
clinical discoveries, and a culture of safety. We
explore the milestones and advancements that
have driven regional anesthesia to its current
state, while also discussing ongoing challenges
and potential future initiatives.

EARLY DAYS: THE BEGINNINGS
OF REGIONAL ANESTHESIA

In 1884, Carl Koller discovered that cocaine
was an effective local anesthetic for the eye,
thus inaugurating the modern era of local anes-
thetics and the field of regional anesthe-
sia.! While local anesthetics revolutionized
surgery by enabling localized pain control, the
practice of regional anesthesia was often com-
plicated by unwanted side effects such as
severe spinal headache, nerve injury, and local
anesthetic toxicity.2 The first regionalists were
also surgeons, performing blocks and surgeries
at the same time. Gaston Labat, a French sur-
geon, is credited as one of the founding fathers
of regional anesthesia.® In the absence of
modern imaging or monitoring, surgeons (and
later, anesthesia professionals) relied on sur-
face anatomy landmarks to guide needle place-
ment. This “blind technique” was highly opera-
tor-dependent, with outcomes varying widely
based on the practitioner’s skill and experience.
The potential for complications such as inadver-
tent vascular injections and excessive anes-
thetic dosing highlighted the need for a more
precise and standardized approach.

THE ADVENT OF PROCEDURAL
TIMEOUT AND SAFETY CHECKLISTS
Wrong-sided blocks are considered a “never

event” but nonetheless still occur at a rate of
0.5-5.7 per 10,000 blocks performed.* Proce-
dural timeouts have become a cornerstone of
preventing wrong-sided blocks. In 2014, the
American Society of Regional Anesthesia and
Pain Medicine (ASRA) adopted a procedural
timeout consisting of seven core components:
patient identification, procedure and site verifi-
cation, imaging and equipment preparation,
local anesthetic verification, emergency pre-

paredness, team communication and align-
ment, and documentation.®

While simple, this intervention dramatically
reduced the incidence of wrong-sided blocks in
regional anesthesia. One study showed the
reported incidence of wrong-sided blocks
dropped by as much as 42% in Pennsylvania
since the 2000s.* With good communication
and teamwork, the timeout ensures that all
members of the care team are aligned and
focused on patient safety.

FROM STIMMING TO SEEING:
THE ADVANTAGES OF
ULTRASOUND-GUIDANCE

Perhaps the most significant advancement in
regional anesthesia has been the use of ultra-
sound. Introduced in the late 20th century and
widely adopted in the 21st century, ultrasound
has transformed the way anesthesia profes-
sionals approach nerve blocks.® By providing
real-time images of anatomical structures, ultra-
sound allows practitioners to directly visualize
nerves, blood vessels, and surrounding tissues,
ensuring precise needle placement and reduc-
ing the risk of many complications.®

Ultrasound guidance has also allowed anes-
thesia professionals to use smaller volumes of
local anesthetic, thereby decreasing the risk of
systemic toxicity. This, combined with the devel-
opment of local anesthetic dosing guides and
local anesthetic systemic toxicity (LAST) treat-
ment guidelines, has caused the incidence of
LAST to fall from ~7.5—-20 per 10,000 blocks to
0.8-8.7 per 10,000 blocks and the incidence of
serious cardiac toxicity has fallen from 1 per
10,000 blocks to nearly zero over the last
30-40 years’?

Ultrasound guidance has also indirectly
enhanced patient safety by increasing the effi-
cacy of nerve blocks. The ability to confirm the
spread of local anesthetic in real time has
decreased the rate of block failure, compared
to peripheral nerve stimulation, while also
reducing the time to perform blocks and their
onset.° Today, ultrasound is considered the
gold standard for many regional anesthesia
techniques and has become an essential tool
for anesthesia professionals.

THE ROLE OF LIPID EMULSION IN
LOCAL ANESTHETIC SYSTEMIC
TOXICITY (LAST)

Local anesthetic systemic toxicity (LAST) is a
rare but serious complication of regional anes-
thesia, often resulting from inadvertent intravas-
cular injection of local anesthetics. Historically,
treatment options for LAST were limited, and
outcomes were poor. The discovery that lipid
emulsion infusion is an effective treatment for
LAST (and its incorporation into resuscitation
protocols for LAST) has dramatically improved
survival rates.®

SMARTPHONE APPS
AND DIGITAL TOOLS
The digital age has brought an array of smart-
phone applications and online resources that
enhance the safety and efficacy of regional
anesthesia. These tools provide easy access to
information on nerve block techniques, local
anesthetic dosages, and anticoagulation guide-
lines. Many applications include ultrasound
images, instructional videos, and even interac-
tive decision-making algorithms, making them
invaluable for both novice and experienced
practitioners. Furthermore, these tools facilitate
education, allowing anesthesia professionals to
stay up to date on the guidelines and best prac-
tices. Examples include the ASRA Coags and
Timeout applications.

WHAT REMAINS—AND WHY WE
HAVEN'T SOLVED IT YET

Despite advances in technology, many com-
plications in regional anesthesia remain. Wrong-
sided blocks and failed blocks remain rare but
significant concerns in regional anesthesia.
While the procedural timeout has been instru-
mental in addressing wrong-sided blocks, these
errors still occur. Multiple factors such as produc-
tion pressure, poor communication, distractions,
rushed/absent timeouts, absent site markings,
and patient repositioning can contribute to the
occurrence of this “never” event.*" Failed blocks
can occur secondary to a multitude of factors
(including anatomical variations, communication
barriers, obesity or other anatomic factors, surgi-
cal factors, and proceduralist experience) and
are a risk of regional anesthesia that will likely
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never be fully eliminated?”® However, advance-
ments such as ultrasound-guidance have helped
to decrease block failure rates by more than
50%, including decreasing the risk of conversion
to general anesthesia.°

The risks of neurologic injury, while reduced,
also continue to impact the field of regional
anesthesia. While innovations in imaging and
needle guidance have improved many out-
comes, long-term neurological injury still occurs
at a rate of 2 to 4 in 10,000 blocks.®*% Despite
the ability to visualize nerves and fascicles (and
thus avoid direct contact) with ultrasound-guid-
ance, nerve injury can still occur. This may be
due to a host of elements (Table 1), many of
which may never be fully eliminated. It is plau-
sible that the mere injection of local anesthetic
(itself a neurotoxic substance) near nerves in
patients who are susceptible to nerve injury
may lead to long-term neurological dysfunction.
However, utilizing short-beveled needles,
appropriately dosing local anesthetics, visualiz-
ing nerves directly with ultrasound, injection
pressure monitoring, and appropriate patient
counseling can help to further reduce the inci-
dence of an already-rare event.

EMERGING TECHNOLOGIES
3D and 4D Imaging

The future of regional anesthesia lies in cut-
ting-edge imaging technologies such as 3D
and 4D ultrasound. While traditional 2D ultra-
sound provides a flat, cross-sectional view, 3D
imaging reconstructs anatomical structures in
three dimensions, offering a more comprehen-
sive view of the target area. 4D imaging adds
the dimension of time, enabling real-time visual-
ization of moving structures such as blood ves-

sels and nerves!®"

Advanced imaging may further enhance the
precision and safety of regional anesthesia by
providing increasing anatomical detail. As these
technologies become more widely available,
they are likely to set new standards and poten-
tially reduce the learning curve for complex
nerve blocks and other regional anesthesia
procedures.

Needle Guidance Technology
and Pressure Injection Monitoring
Needle guidance systems integrated with
ultrasound machines could provide real-time
feedback on needle trajectory. These systems
use electromagnetic or optical tracking to
ensure that the needle remains on course,
reducing the risk of inadvertent puncture or

Table 1: Components of Nerve Injury.2101416

Host Factors

Pre-existing Neuropathy:
diabetic neuropathy,
peripheral vascular disease,
chemotherapy-induced
neuropathy, neurologic
diseases (multiple sclerosis,
lupus, etc.)

(short vs long)

Causative Agents

Needle Trauma: presence
of paresthesia during
procedure; bevel shape

Environmental Factors

Ultrasound versus Nerve
Stimulation: no difference in
neurologic complications, but
improved efficacy and
decreased failure rates seen
with ultrasound use

Surgical Elements: trauma
surgery, prolonged
tourniquet time, high levels

Pressure Injury: higher
injection pressures may
indicate intraneural needle

Injection Pressure Monitoring:
measuring pressure may
decrease risk of intrafascicular

of neural stretch, and injection
surgical type
misplacement. By enhancing control and accu- CONCLUSION

racy, needle guidance technology has the
potential to make regional anesthesia safer and
more accessible.?°

Pressure injection monitoring is another inno-
vation designed to improve safety. This technol-
ogy monitors the pressure exerted during the
injection of local anesthetic, providing an early
warning if the needle tip is in an incorrect loca-
tion (e.g., intraneural or intravascular). High
injection pressures are associated with an
increased risk of nerve injury, and pressure
monitoring allows practitioners to adjust their
technique in real time to avoid complications.?'

Additional avenues of research
The future of patient safety in regional anes-
thesia is bright, with ongoing research and
innovation aimed at further reducing risks and
improving outcomes. Further promising areas
of development include the following:

 Atrtificial Intelligence (Al): Al algorithms are
being developed to assist with ultrasound
interpretation, needle trajectory planning,
and complication prediction. By analyzing
vast datasets, Al could provide personalized
recommendations for each patient, optimiz-
ing safety and efficacy.?

* Wearable Sensors: Devices that monitor
patient physiology in real time could provide
early warnings of complications such as
LAST or nerve injury, allowing for prompt
intervention.?

» Simulation Training: High-fidelity simulation
technology enhances the training of anesthe-
sia professionals, allowing them to practice
complex blocks in a risk-free environment.
Simulation-based education is likely to play an
important role in ensuring competency and
minimizing errors.?

The evolution of patient safety in regional
anesthesia has been nothing short of remark-
able. From the early days of blind techniques
and rudimentary safety measures to the
modern era of real-time ultrasound-guidance,
intralipid therapy, and advanced imaging, the
field has made tremendous strides. Each inno-
vation has brought us closer to the ideal of a
safe, effective, and patient-centered practice.

As we look to the future, the integration of
emerging technologies such as 3D/4D imaging,
Al, and needle guidance systems promises to
further enhance safety and precision. By con-
tinuing to prioritize patient safety and embrac-
ing innovation, regional anesthesia will
continue to remain an important subset of the
field of anesthesiology.
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