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Statement of problem: Significant progress has been made in the use, efficacy, and
safety of regional anesthesia (e.g., nerve stimulation, ultrasound guidance, and
specialized needles). However, clinical tools are not currently available to objectively
evaluate the effectiveness of local anesthetics. No monitor enables the clinician to
objectively characterize block effect (onset, offset, density).
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Description of the intervention or program: We describe our systems engineering,
laboratory, and clinical investigative approach to designing, building, and initial
assessment of a novel objective neural blockade monitor.
Findings to date:
Systems engineering: A requirements-based engineering approach was used to
develop the concept of analyzing spontaneous EMG signals as a direct indication of
block location and density. Frequency domain analysis (power in a frequency band)
was determined to be a more sensitive and specific means to quantify block density
than time domain analysis (root mean square).
Clinical 1: Non-stimulated surface EMG was captured from seven male subjects
undergoing radical prostatectomy using epidural anesthesia. Analysis revealed
temporal changes associated with blockade and correlated to clinical assessment of
level and density of the block.
Clinical 2: Further study evaluated nine boys undergoing circumcision using caudal or
penile block as part of their intraoperative anesthetic. Decreases from baseline were
present in all subjects following administration of caudal but not penile block.
Discriminating caudal vs penile block is both sensitive and specific (ROC=1.0,
p=0.0002). Laboratory: Ten piglets were anesthetized, intubated, and monitored
during caudal or sham administration of local anesthetic. Changes from baseline were
consistent with known clinical effect and different from the sham group. Block level
was confirmed with full laminectomy and methylene blue staining of the spinal cord.
Calculation of onset time and time to 50% recession of the peak effect was consistent
with clinically recognized effect in humans.

ü
ü
ü
ü

Raw Signal Comparison
Caudal Block at the T10 Level (pre & post
injection)

Clinical Investigation 1 - Adults
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Frequency Domain Comparison
Caudal Block at the T10 Level (pre & post injection)

Clinical Investigation 2 - Children
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The Opportunity
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Lessons learned: Systems engineering, laboratory, and clinical investigation
approaches enabled the development of a novel objective neural blockade monitor
providing clinically relevant information that
could be integrated into digital delivery systems to improve patient care and safety.
Objective measurement of the effects of regional blockade will enable clinicians and
scientists to 1) precisely assess regional anesthesia techniques (primary agents,
adjuvants, temperature, concentration, rate of delivery, etc.), and 2) enable closed or
semi-closed loop integration of drug/dose administration. This offers the important
and significant opportunity to improve care, reduce costs, and reduce risk.
Learning Objectives:
•
Discuss the value of a systems approach to designing a novel objective monitor
of neural blockade.
•
List the components of a useful neural blockade monitor.
•
Describe the clinical opportunities in having an objective neural block monitor.
Keywords:
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The Problem
Use, efficacy, and safety of
regional anesthesia (nerve
stimulation, US guidance, and
specialized needles). Yet, no
clinical tools to objectively
evaluate the effectiveness of
local anesthetics exist. No
monitor enables the clinician
to objectively characterize
block effect (onset, offset,
density).

Refinement 1 – Signal Analysis
EMGRMS Timing

Refinement 2 – Onset/Offset
Frequency Domain

Ongoing Clinical Investigations
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Level

Peak effect min

(N=4)

(mean±SEM)

50% peak
effect min

T4

5.63±3.35

27.9±4.53

T10

8.33±2.17

21.9±1.38

(mean±SEM)
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1)

2)

precisely assess regional anesthesia
techniques (primary agents, adjuvants,
temperature, concentration, rate of
delivery, etc.),
enable closed or semi-closed loop
integration of drug/dose administration.
This offers the important and significant
opportunity to improve care, reduce costs,
and reduce risk.
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