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a B s t r a c t
BacKgroUND: Various methods for peripheral nerve and epidural catheter location assessment exist, with varying 
degrees of ease of use, utility, and accuracy. Pulsed wave Doppler (PWD) evaluates the presence of fluid flow and is pos-
sible modality to assess the location of a percutaneously inserted perineural catheter.
METHODS: A retrospective chart review was conducted in which PWD ultrasonography was used to confirm the posi-
tion of nerve catheters for regional anesthesia. Data was collected to assess 24-hour postoperative pain scores, opioid 
consumption, complications, and the incidence of catheter replacement.
resUlts: eighty-six patients were included; average age was 58 years and a 27% incidence of chronic pain. these 
catheters were left in place based on the PWD images. three catheters failed and a total of 16 catheters were repositioned. 
In the first 24 hours average pain scores ranges between 3.5 to 5.9 and median postoperative opioid consumption range 
was 11.3 mg to 60.8 mg. For epidural catheters, PWD changes were more obvious with air injection and there was only 
one episode of hemodynamic instability.
coNclUsioNs: our preliminary experience with PWD ultrasonography suggests that they may offer the ability to 
selectively assess flow at different locations to identify the proper location of epidural and perineural catheters. Future 
randomized, controlled investigations are warranted to further evaluate the effectiveness and safety of this modality.
(Cite this article as: elsharkawy H, Barnes t, Babazade r, Huarte M, ali sakr esa W, ilfeld BM. Preliminary experience 
with epidural and perineural catheter localization with pulsed wave Doppler ultrasonography. Minerva anestesiol 2018 
mese;84(0):000-000. Doi: 10.23736/s0375-9393.18.12552-1)
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the increased use of ultrasound worldwide 
has enabled the majority of anesthesiolo-

gists to place peripheral nerve catheters.1-7 Veri-
fication of proper position of the catheter at the 
time of placement and afterward is challenging, 
yet essential for catheter efficacy. Various tech-
niques have been used to locate the tip of periph-
eral nerve catheters and epidural catheters with 

various success rates.8 currently, there is no gold 
standard method or technique for evaluating pe-
ripheral nerve or epidural catheter tip location.

Pulsed wave Doppler (PWD) ultrasonography 
allows the measurement of velocities at a single 
point, or within a small window of space known 
as the sample volume. the ultrasound transducer 
projects a pulsed signal to a predetermined depth 
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chosen by the operator, and a returned signal is 
created by a reflected frequency shift due to the 
flow of fluid or blood at that sample volume. 
PWD is only sensitive to flow within the sample 
volume region, which allows for the detection 
of flow at a specific location. The ability to se-
lect a specific sample volume is a potential ad-
vantage over two-dimensional ultrasound and 
color Doppler for accurate determination of the 
catheter location. Presently, PWD is commonly 
used for flow assessment in arteries and veins, 
but its use in catheter location assessment has 
only been reported by using an acoustically ac-
tive endovascular catheter.9, 10 in the following 
report, we present our preliminary experience 
with catheter localization using PWD ultraso-
nography to detect the tips of epidural catheters 
as well as peripheral nerve catheters in various 
anatomical locations (adductor canal, femoral, 
popliteal, sciatic, interscalene, supraclavicular, 
infraclavicular, lumbar plexus, quadratus lumbo-
rum, and thoracic paravertebral).

Materials and methods

after institutional review board (irB) approval 
(cleveland clinic, cleveland, ohio irB # 15-
509), a chart review was performed, identifying 
patients who had a peripheral nerve or epidural 
catheter verified utilizing PWD Ultrasonography 
from January 2015 to september 2016. the risks 
and benefits of the regional anesthesia technique 
were discussed with patients at the time of place-
ment, and their verbal consent for the procedure 

was obtained; however, written, informed con-
sent was waived for this retrospective series by 
the irB. Data was obtained from the cleveland 
clinic Perioperative Health Documentation sys-
tem, ePic notes, and physician notes.

a low-frequency (2-5 MHz) curvilinear trans-
ducer was used for neuroaxial, thoracic paraver-
tebral, lumbar plexus, quadratus lumborum, and 
sciatic catheter insertions. a high-frequency (6-
12 MHz) linear ultrasound transducer was used 
for all other peripheral blocks. the transducer 
was covered with a sterile, disposable plastic 
sheath.

an in-plane ultrasound approach was used 
for all conventional catheter through needle 
peripheral catheters. a 17 gauge tuohy needle 
(StimuCath, Arrow by Teleflex, Research Tri-
angle Park, Nc, Usa) was advanced with direct 
imaging to the desired location; followed by in-
sertion of a 19 gauge perineural catheter (arrow 
by Teleflex) advanced 3 to 5 cm past the tip of 
the needle.

PWD technique for peripheral nerve catheter 
detection

the transducer position was adjusted to achieve 
a two-dimensional short axis ultrasound view of 
the nerve plexus or the tissue plane of interest, 
with the target location positioned perpendicu-
lar to the ultrasound beam as much as possible 
(Figure 1, 2, 3). We used 4-step procedure: First, 
the target location is determined using anatomic 
landmarks identified on ultrasound image, the tar-
get is defined as in Supplementary Digital Mate-

Figure 1.—images for lower extremity PWD (adductor, femoral, sciatic subgluteal and sciatic popliteal). a) adductor canal 
catheter.
sM: sartorius muscle; N: femoral nerve; Fa: femoral artery.
B) sciatic subgluteal PWD.
sN: sciatic nerve at the area of the sample volume of the PWD.
c) sciatic nerve in the popliteal area.
N: nerve component toward right is the tibial nerve, N: nerve component toward left is the common peroneal nerve.

a B c
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1 ml) was injected to better detect the transient 
PWD changes at the depth of the catheter.

Next, if the signal were not visualized, the 
PWD sample volume moved away from the ex-
pected anatomical location of the catheter then 
the imaging procedure was repeated. Peripheral 
nerve catheters considered to be properly posi-

rial 1: supplementary table i. second, the PWD 
mode was activated and displayed on the video 
screen with a sample volume of 1-5 mm (Fig-
ure 1, 2, 3). the sample volume was positioned 
in the area of intended catheter tip location as 
explained in supplementary Digital Material 1: 
supplementary table i. PWD was applied during 
the injection of normal saline. a high injection 
velocity leads to an increase in Doppler shift and 
a pronounced response on the screen, this high 
velocity of the flow results in a phenomenon 
called “aliasing”. Saline flow in the targeted area 
around the catheter tip location was visualized 
as aliasing signal during saline injection. third, 
if the PWD changes were not conclusive after 
injection of saline, a small amount of air (0.5-

Figure 2.—image for inter scalene PWD.
scM: sternocleidomastoid muscle; asM: anterior scalene 
muscle; c5, c6, c7: nerve roots of brachial plexus; MsM: 
middle scalene muscle

Figure 3.—images for truncal PWD (lumbar plexus, paravertebral and anterior subcostal quadratus lumborum catheter).
a) lumbar plexus catheter.
PMM: Psoas major muscle
B) paravertebral catheter using parasagittal view.
tP: transverse process; ctl: costo-transverse ligament
c) Ql: quadratus lumborum with anterior subcostal approach.

a B c

Table I.—�Demographic data.

age (years, mean) 57.6
gender (%, women) 46.5
BMi (kg/m2) (mean) 30.7
asa score (N.)

1 1
2 19
3 54
4 12

surgical procedure (N.)
intra-abdominal surgery 38
shoulder surgery 6
Knee surgery 27
Hip surgery 3
other lower extremity 7
other upper extremity 3
thoracic surgery 2

History of chronic pain (%, yes) 27.4
regional anesthesia procedure (N)

epidural 19
adductor canal block 16
Femoral nerve block 12
Popliteal nerve block 3
sciatic nerve block 3
interscalene block 6
infraclavicular block 2
supraclavicular 2
lumbar plexus block 2
Quadratus lumborum block 18
Paravertebral block 3
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interlaminar (Po) view to visualize two succes-
sive laminae, interlaminar space at the level of 
the epidural catheter insertion, and the posterior 
complex (ligamentum flavum, epidural space 
and dura). the optimal image for accurate epidu-
ral catheter placement would include visualiza-
tion of the ligamentum flavum and dura as sepa-
rate structures with the PWD sample volume be-
tween them. This ideal view would be difficult to 
obtain in the thoracic area so the sample volume 
inserted at the posterior complex area.

the PWD sample volume was inserted over 

tioned if the PWD flow was detected in the ap-
propriate anatomical locations (supplementary 
Digital Material 1: supplementary table i).

When the PWD signal was absent at the de-
sired location, and or detected outside the in-
tended anatomical area, the peripheral nerve 
catheters considered as incorrectly placed and 
the procedure repeated (Figure 4a, B).

PWD technique for epidural catheter detection

low-frequency curvilinear ultrasound probe 
was manipulated to obtain a parasagittal oblique 

Figure 4.—PWD positive signal outside this correct anatomical location.
a) Positive PWD when injection through anterior quadratus lumborum catheter, and the PWD location was inside the qua-
dratus lumborum muscle (PWD showed intramuscular location of the catheter).
P: transvers process; PM: psoas major; Ql: quadratus lumborum.
B) Femoral nerve catheter location above the fascia iliaca.
Fa: femoral artery, FN: femoral nerve, Fl: fascia lata, Fi: fascia iliaca.

Figure 5.—a, B) epidural PWD. showing positive PWD when injection saline through epidural catheter at the posterior 
complex.

a B

a B
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Results

eighty-six patients were included, and patient’s 
demographics summarized in Table I. In first 24 
hours average pain scores ranges between 3.5 to 
5.9 and median postoperative opioid consump-
tion range was 11.3 mg to 60.8 mg (table ii).

PWD imaging led to the identification of a 
catheter in the incorrect fascial plane in vary-
ing percentages of patients depending on block 
type (table ii). three catheters failure (3.5% 
of all patients) were reported, 2 (12.5%) in ad-
ductor canal and 1 (8.3%) in femoral. a total of 
16 catheters (18.6%) were repositioned based 
on the PWD data. in these instances, the new 
position following withdrawal and reinsertion 
was confirmed with PWD ultrasound technique. 
there was one episode of hemodynamic insta-
bility in a patient who underwent epidural place-
ment.

Discussion

the current report describes our preliminary 
experience with a novel method for the assess-
ment of epidural and peripheral nerve catheter 
tips using PWD ultrasonography. PWD ultraso-
nography may be a possible modality to local-
ize perineural and epidural catheters. there was 
a low rate of catheter failure 3.5%, and catheter 
replacement after repositioning and verification 
and no adverse side effects resulting directly 
from this ultrasound method. Many operators 

the posterior complex while saline was injected 
concomitantly through the epidural catheter (Fig-
ure 5). Saline flow through the catheter was visu-
alized as aliasing signal during saline injection. 
if color signals were not visualized on one side 
of the spine, a parasagittal oblique interlaminar 
view was obtained on the other side by repeating 
the same procedure. if PWD failed to detect any 
flow at the level of catheter insertion, the imag-
ing procedure was repeated at one or two verte-
bral levels above and below the site of catheter 
insertion on both sides of the spine.

as in peripheral nerve catheters; if the PWD 
changes were not conclusive after injection of 
saline, a small amount of air (0.5-1 ml) was in-
jected.

When the PWD signal was absent epidural 
catheters considered as incorrectly placed and 
the procedure repeated and repeat procedure ver-
ified with PWD.

Primary peripheral catheter failure defined as: 
absence of sensory dermatomal coverage in the 
corresponding cutaneous sensory distribution 
immediately after the insertion of the catheter 
and local anesthetic injection in spite of pres-
ences of positive PWD signal, which indicating 
a correct catheter location.

Primary epidural catheter failure defined as: 
absence of sensory dermatomal coverage in the 
corresponding cutaneous sensory distribution 
in the recovery room postoperatively in spite of 
presences of positive PWD signals, which was 
indicating a correct catheter location.

Table II.—�Results by block type.

Block type epidural adductor 
canal Femoral Popliteal sciatic inter-

scalene
supra-

clavicular
infra-

clavicular
lumbar 
plexus

Quadratus 
lumborum

Paraver-
tebral

N. 19 16 12 3 3 6 2 2 2 18 3
Primary catheter 

failure (N. %)
0 2, 12.5% 1, 8.3% 0 0 0 0 0 0 0 0

Postoperative 
opioid

consumption* 
(median)

24 mg 17.5 mg 33.9 mg 45.5 mg 26 mg 11.3 mg 15 mg 28.5 mg 55.8 mg 60.8 mg 20 mg

average pain 
score**

4.2 3.6 5.2 4.9 3.5 3.5 4.2 5.3 5.9 5.3 3.7

catheter 
reposition (N. 
%) ***

2 (11%) 3 (19%) 2 (17%) 1 (33%) 1 (33%) 1 (17%) 0 (0%) 1 (50%) 0 (0%) 4 (22%) 1 (33%)

*In first 24 hours, morphine equivalent dose; **in first 24 hours, 10 point scale; ***catheter determined to be outside of correct fascial plane 
by PWD, leading to repositioning of catheter, and subsequent confirmation by PWD to be in the desired location.
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with the two-dimensional image. one of the ad-
vantages of the PWD is that you can visualize 
the whole image of the anatomical area but only 
analyze the flow at the sample volume in the de-
sired location, (as the remaining of the returned 
ultrasound signals outside the sample volume is 
ignored).

Detection of the sample volume by PWD can 
be influenced by several factors. The high veloc-
ity of the flow results in a phenomenon called 
“aliasing” which leads to an inability to accu-
rately measure flow velocities and direction. The 
consequences of the aliasing phenomenon are 
not essential in catheter localization, as accurate 
estimates of the velocity and direction of flow are 
not essential.

the Doppler shift is also increased when the 
ultrasound beam is more aligned to the direction 
of flow, i.e. with a smaller angle of insonation. 
increasing the angle of insonation to 90 degrees 
(ultrasound beam perpindicular to the direction 
of flow) will possibly result in small or no ob-
served Doppler shift. angulating the probe ceph-
alad or caudad might be necessary to observe 
Doppler changes.

there are several maneuvers that may improve 
the sensitivity of PWD to detect the catheter lo-
cation during the injection (supplementary Digi-
tal Material 2, supplementary table ii).

the biggest limitation is its retrospective 
design of different blocks with lack of control 
group and also limits the usefulness of the pain 
scores and the opioid consumption data. it did 
not have sufficient numbers for each anatomi-
cal location and local anesthetic dosage to de-
termine the gold standard spread pattern for 
each block. In addition, we could not confirm 
that the absence of the expected ultrasound find-
ings always indicates a misplaced catheter. also, 
inadequate pain scores may occur despite the 
accurate location of the catheter, particularly in 
our study population with prevalence of chron-
ic pain patients (27.4%). Finally, it did not use 
other imaging tools to confirm correct catheter 
location and to establish the accuracy of PWD 
mode.

obtaining an optimal view for PWD assess-
ment proved challenging and operator dependent 
in certain cases for deep blocks and epidurals. 

performed the ultrasound procedures, PWD 
technique with success, improving the generaliz-
ability of the technique and make it less operator 
dependent. PWD may add to the practitioner’s 
armamentarium in the ultrasound evaluation of 
nerve catheters and epidural by enabling precise 
assessment of flow at different depths and loca-
tions. It has the benefits of being non-invasive, 
easy to interpret, providing real-time results, and 
is accessible on most ultrasound machines. We 
selected absence of sensory dermatomal cover-
age as failure to the catheter PWD localization, 
as pain scores and opioid requirements can be in-
fluenced by a variety of factors and its interpreta-
tion is subject to bias.

one of the most common problems associated 
with nerve catheter involves accurate placement 
of the catheter. Multiple methods are currently 
used for peripheral catheter localization include: 
peripheral nerve stimulation,11, 12 injecting air2, 13 
and non-agitated14, 15 or agitated4, 16 solutions un-
der ultrasound; using catheters with echogenic 
modifications;14, 17, 18 blindly inserting the cath-
eter prior to the injection of local anesthetic and 
using the achievement of anesthesia to confirm 
the catheter tip location;8 using ultrasound to ob-
serve the movement of tissue elicited by the cath-
eter tip;8 repeatedly advancing and retracting the 
guide wire within the catheter to create motion 
that is detected by color Doppler Us (pumping 
maneuver);19 and performing ct.8 M mode ultra-
sonography is another modality allowing verifi-
cation of peripheral nerve and epidural catheters 
placement.19, 20

Methods for epidural catheter assessment in-
clude using electrocardiography guidance,21 flu-
oroscopy, optical reflectance spectroscopy, and 
near-infrared tracking systems.8 even with all of 
these technologies, failed anesthesia and analge-
sia with epidural catheters remains a common 
occurrence, reaching an incidence of around 
30%.22, 23

the PWD system transmits a short burst of ul-
trasound toward the target and then switches to 
receive mode to interpret the returning echoes. 
PWD can be detected by an examination of the 
spectral display, a pattern commonly referred to 
as a clean envelope. in phased arrays ultrasound 
transducers, PWD can be used simultaneously 
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What is known:

• Verification of proper position of the 
catheter at the time of placement and after-
ward is challenging, yet essential for catheter 
efficacy

What is new:

•  PWD ultrasonography may be a pos-
sible modality to accurately localize perineu-
ral and epidural catheters, which allows the 
measurement of velocities at a single point, 
or within a small window of space known as 
the sample volume

•  PWD ultrasonography suggests its abil-
ity as marker to verify the catheter tip loca-
tion for peripheral nerve and epidural cath-
eters location

• Future randomized, controlled investi-
gations are warranted to further evaluate the 
effectiveness of this modality, and its com-
parative effectiveness versus other methods.
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