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A device for regional- peripheral anesthesia with ultrasound mini transducer or fiberoptic
mini probe , including an epidural needle having a bent free end portion with an inclined,
pointed tip, and a hub fixedly connected to its other end and a tubular guide needle for an
ultrasound mini transducer or fiberoptic mini probe. The guide needle has two inclined tips
and is fixedly attached along at least part of its length to at least a portion of the straight
section of the epidural needle. The guide needle is substantially shorter than the epidural
needle and extends between a point located behind the bent free end portion of the
epidural needle and a point located ahead of the hub thereof.
It is one of the objects of the present invention to overcome the limitations and drawbacks
of prior-art applicators for regional- peripheral anesthesia using an ultrasound transducer or
fiberoptic probe, and to provide a device that considerably simplifies the procedure without
entailing the risks of damage to neurons with the associated hazards, and facilitates the use
of relatively thin ultrasound transducer and a thin fiberoptic probe which significantly
reduce the incidence and severity of neuron injury (1).
Chiang et al. (2) used a custom-designed ultrasound transducer and a conventional epidural
needle. The outside diameter of the ultrasound transducer was 0.7 mm; the transducer fit
into the hollow chamber of an 18-gauge epidural needle (inside diameter, 0.84 mm and
outside diameter, 1.27 mm).
The transducer was made from a single lead magnesium niobate-lead titanate (PMN-PT)
crystal (HC Materials Corp., Urbana, IL). The crystal was polished to a thickness of 50 μm,
with a width of 0.5 mm. The transducer was nonfocused with a central frequency of 40 MHz
and a −6 dB fractional bandwidth of 50%. The transducer could distinguish two interfaces
separated by a distance of 0.15 mm (axial resolution) and penetrate the tissue to a depth of
10 mm. The gain was set to 40 dB and 54 dB for the study.
A pulser/receiver (Panametrics 5900, Panametrics, Inc., Waltham, MA) was used to emit and
receive the echo signal. The reflected echo signal was displayed on an oscilloscope (LeCroy
LT342, LeCroy Corporation, Chestnut Ridge, NY) and digitized at 500 MS/s with 8-bit signal
resolution.

The dura mater could be observed approximately 3.5 mm away from the ultrasound
transducer when the gain was set at 40 dB and as far as 7.5 mm when the gain was set at 54
dB. The gain did not affect the depth of tissue penetration (10 mm). At a frequency of 40

MHz and a gain of 40 dB the dura was seen 4.1 ± 0.95 mm in front of the needle tip. The
area between the ultrasound spikes obtained from the LF and dura mater measured
approximately 2–4 mm wide and was identified as the epidural space. It was able able to
distinguish the epidural space from the fluid-filled subarachnoid space based on the axial
order of the tissue planes (2).
The dura mater signal was observed in all insertions, whereas the LF was seen in 25 of 30
(83.3%) insertions. However, both the LF and dura mater were seen in the same sonogram
frame in only 11 (36.6%) of the 30 insertions.
The angle between the needle and the midline axial plane was 30–45oin this study. This
angle reduced the back-scattered ultrasound signal strength by 30–50% compared with a
perpendicular insertion. This attenuation proportionally affected the depth of ultrasound
penetration and reduced the differences in the character of the LF and dura mater signals.
However, the operator was still able to identify two distinct tissue planes.
There was no significant difference in the ultrasound signals obtained from the thoracic
compared with the lumbar region in the porcine model. It was identified the LF and dura
mater in the same number of insertions in both regions of the spine. Ultrasound and
contrast studies confirmed correct placement of all the catheters in the epidural space of
the lumbar and thoracic areas of the spine (2).
With the 40 MHz frequency, it is possible to see the dura mater at 3.5–7.5 mm from the
modified needle. The epidural space in the porcine model is approximately 2–4 mm wide.
The human epidural space is 6.9 ± 4 mm. The resolution of the signal should therefore allow
to insert an epidural catheter with similar accuracy in humans. The high resolution of the
modified needle may reduce the risk of accidental dural puncture compared with other
techniques of epidural placement. In addition, using the dura mater as a landmark for
epidural catheter insertion may also reduce the rate of failed analgesic blocks by improving
the accuracy of catheter placement. This technique may provide a better quality of block
because air and saline are not injected (2).
Kuo et al. (3) described a novel method using a fiber-needle–based swept-source optical
coherence tomography (SSOCT) to identify epidural space.
An optical fiber probe was placed into a hollow 18-gauge Tuohy needle. It was then inserted
by an experienced anesthesiologist to continuously construct a series of two-dimensional
SSOCT images by mechanically rotating the optical probe. To quantify this observation, both
the average SSOCT signal intensities and their diagnostic potentials were assessed. The
insertions were performed three times into both the lumbar and thoracic regions of five pigs
using a paramedian approach (3).
A side-looking SSOCT was constructed to create a visual image of the underlying structures.
The image criteria for the identification of the epidural space from the outside region were
generated by the analysis of a training set (n = 100) of ex vivo data. The SSOCT image criteria
for in vivo epidural space identification are high sensitivity (0.867 to 0.965) and high
specificity (0.838 to 0.935). The mean value of the average signal intensities exhibits
statistically significant differences (P < 0.01) and a high discriminatory capacity (area under
curve = 0.88) between the epidural space and the outside tissues (3).
Optical coherence tomography (OCT) was originally demonstrated in 1991 as a unique
biomedical imaging modality capable of cross-sectional imaging of the human eye at an axial

resolution of approximately 10 to 15 μm. OCT is based on low-coherence interferometry. By
scanning the mirror in the reference arm of a Michelson interferometer, the reflectivity
profile of the sample is obtained, and no light outside the short coherence length will
interfere (this is called time-domain OCT). This reflectivity profile is called an axial depth scan
(A-scan). Although this is analogs to ultrasound imaging, OCT has a higher resolution than
ultrasonography. Moreover, no exogenous contrast agent or contact gels are necessary in
the OCT system (3).
Further developments in the OCT include the transformation of the technology from the
“time-domain” OCT to the “Fourier-domain” OCT. Fourier-domain OCT allows imaging at
higher rates by an order of magnitude. In Fourier-domain OCT, it can be performed using a
single detector by sweeping the source spectrum and detecting the intensity due to the
component frequencies. Fourier-domain OCT of this type has been called swept-source OCT
(SSOCT), which shows improved sensitivity and thus enables the rapid three-dimensional
imaging of tissues (3).
An optical method using a forward-looking needle-fiber time-domain OCT system was
proposed by Li et al. (4) for guiding epidural anesthesia. Their report presented an OCT
system based on a slow mechanical scanning time-domain setup that monitors the axial
information in front of the needle by providing A-mode signals. However, the forwardlooking probe is limited by the shallow OCT imaging penetration depth of several
millimeters; it is not very useful for guidance purposes. Moreover, the ranging performance
in their report was only investigated using a phantom.
The NeedlEye has a side lumen for the ultrasound mini transducer or the fiberoptic mini
probe while the Epidural needle lumen is for the anesthetic solution injection and the
catheter insertion while the ultrasound or the Fiberoptic devices are creating the eye at the
end of the double lumen needle.
Bromage (5) in his Letter wrote in 1995 that " Moore is correct in stating that "none of us
have an eye on the end of a needle" (6) to see whether a rotating tip can cut the dura,"
It seems that in 2017 Bromage and Moore are not correct.
This is the first double lumen needle invented for the purpose of regional anesthesia ( Spinal,
Epidural, Peripheral blocks) using ultrasound mini transducer or fiberoptic mini probe
inside one of its lumens . The Spinal block can also be done through the epidural needle
before inserting the epidural catheter as a needle-through-needle technique.
All these procedures can be done while there is an "eye at the end of the needle" during all
the time of the procedure.
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