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Color your epidural: color flow Doppler 
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Efrain RIVEROS-PEREZ 1, 2 *, Camila ALBO 1, Enoe JIMENEZ 1, 
Thomas CHERIYAN 1, Alexander ROCUTS 1

1Department of Anesthesiology and Perioperative Medicine, Medical College of Georgia at Augusta University, 
Augusta, GA, USA; 2Outcomes Research Consortium, Cleveland Clinic, Cleveland, OH, USA
*Corresponding author: Efrain Riveros-Perez, Department of Anesthesiology and Perioperative Medicine, Medical College of Geor-
gia at Augusta University, 1120 15th Street, BI-2144, Augusta, GA 30912, USA. E-mail: eriverosperez@augusta.edu

A B S T R A C T
BACKGROUND: Labor epidural analgesia success depends on precise needle position placement within the epidural 
space, with reported failure rates to be as high as 32%. In this study, we describe a novel technique employing color Dop-
pler to aid in the confirmation of the correct position of the epidural needle tip.
METHODS: Retrospective evaluation of 35 patients who received labor combined spinal-epidural (CSE) with confirma-
tion of epidural needle position with color flow Doppler (CFD) ultrasonography. Demographic data, intervertebral level 
of insertion and dermatome sensory level were extracted. Video and image evaluation of CFD patterns were used to 
confirm epidural needle tip and catheter position. CFD was used to visualize intrathecal injection of local anesthetic in 
two patients.
RESULTS: Three different color flow patterns were visualized after the loss of resistance technique: visualization of a red 
and blue mosaic adjacent to the posterior complex, a mosaic pattern enveloping the trajectory of the epidural needle, and 
a linear deeper mosaic color pattern during spinal injection in relation to the posterior complex. Identification of epidural 
needle tip and epidural catheter tip occurred in 77% and 37.1% of patients, respectively.
CONCLUSIONS: CFD is a novel and useful technique to confirm the precise position of the epidural needle tip in the 
context of labor analgesia. Identification of the epidural catheter with CFD is difficult despite an adequate CSE technique.
(Cite this article as: Riveros-Perez E, Albo C, Jimenez E, Cheriyan T, Rocuts A. Color your epidural: color flow Doppler to 
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Obstetric anesthesia and analgesia rely heav-
ily on proper needle placement technique. 

Labor epidural needle insertion and catheter 
placement are however blind procedures. Needle 
insertion is usually guided by palpation of exter-
nal anatomic landmarks over the lumbar spine. 
Advancement of the needle from the supraspi-
nous ligament to the epidural space is directed by 
loss of resistance to the injection of normal saline 
or air, as the epidural needle emerges from the 
ligamentum flavum to find its final position in the 
epidural space. Despite the use of an adequate 
technique, epidural analgesia failure rates have 

been reported in up to 32% of cases,1-4 under-
scoring the fact that this method is not entirely 
reliable, and also depends on the anesthesiolo-
gist’s level of training.5 A noninvasive approach 
to confirm the correct position of the epidural 
needle prior to injection of local anesthetics into 
the epidural space, would thus be beneficial.

Ultrasound (US) is a noninvasive approach 
increasingly used in the obstetric anesthesia 
practice.5 Two-dimensional ultrasound can accu-
rately identify the vertebral level along the sagit-
tal plane and the midline across the transversal 
axis, improving the identification of the optimal 
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puncture site.6, 7 Ultrasound-guided epidural 
placement requires fewer puncture attempts in 
comparison to the loss of resistance test alone.6, 7 
Furthermore, pre-procedure ultrasound guidance 
is particularly useful in patients in whom diffi-
culty with epidural placement is anticipated (e.g. 
scoliosis, previous spinal surgery, morbid obe-
sity).8-10 The use of color flow Doppler (CFD) 
may further aid in defining the epidural space.11

CFD utilizes Doppler information obtained 
from signals sent to and received from a trans-
ducer. The principles of CFD are similar to those 
of pulsed wave Doppler (PWD). Data obtained 
from the ultrasound transducer signal provides 
information with respect to fluid flow, that aids in 
the detection of an indwelling catheter by means 
of the application of either PWD or CFD.12 
However, CFD offers two main advantages over 
PWD: a broader range of interrogation, and the 
possibility to assign differential color-coding 
based on flow direction. Frequency shifts caused 
by fluid flow are estimated at each point within 
an interrogated region, thus yielding information 
on both fluid direction and speed. In the case of 
CFD, this information is color-encoded and dis-
played over the two-dimensional image. CFD 
has been recently used to determine the position 
of the epidural catheter. Reports have shown 
the usefulness of M-mode ultrasonography to 
detect epidural catheter location.11 However, its 
role in labor epidural has yet to be defined. We 
conducted this study to describe the use of CFD 
to confirm the position of the tip of the epidu-
ral needle in the context of labor analgesia. We 
hypothesized that CFD is a feasible method for 
identifying proper epidural needle placement 
prior to epidural catheter advancement.

Materials and methods

After obtaining approval by the Institutional Re-
view Board and a waiver of informed consent, 
thirty-five pregnant patients who underwent an 
ultrasound guided labor epidural between August 
of 2017 and June of 2018, were included in this 
retrospective review. The ultrasound guided la-
bor epidural was used in those in which an antici-
pated technical difficulty with landmark epidural 
space localization was expected. These included 

those patients with diagnosis of obesity, defined 
as Body Mass Index (BMI) ≥35 kg/m2, and lum-
bar scoliosis, as well as those with poorly defined 
surface lumbar bone anatomy. Patients with his-
tory of spine surgery were excluded. Patient data 
were obtained from the institutional electronic 
medical records. Demographic data, interverte-
bral level of insertion, dermatome level, and fail-
ure rate of epidural needle placement using CFD 
were noted for each patient.

Labor analgesia was obtained via a combined 
spinal epidural technique. Sterile preparation and 
draping of the area was followed by placement 
of a curvilinear ultrasound transducer in a sterile 
sheath. The ultrasound was used to identify the 
interspinous space.12 The epidural needle was 
guided with the use of ultrasound direction by 
the use of an out of plane technique. A two-hand 
technique was used to manipulate the needle and 
the ultrasound probe. A 17-G Tuohy needle (B. 
Braun Medical, Inc., Bethlehem, PA, USA) was 
advanced until loss of resistance to normal saline 
was attained. Confirmation of the epidural space 
with the use of CFD was then obtained after in-
jection of up to 10 mL of normal saline through 
the epidural needle. A 27-G pencil-point spinal 
needle (B. Braun Medical, Inc.) was then intro-
duced through the epidural needle until cerebro-
spinal fluid (CSF) was obtained. Use of intrathe-
cal fentanyl or local anesthetic plus fentanyl was 
then used as a bolus in the spinal space. A 21-G 
epidural catheter (B. Braun Medical, Inc.) was 
then threaded into the epidural space.

Color flow imaging in the lumbar spine

All CFD images were performed with a Phillips 
CX50 ultrasound machine using a 5.0 MHz cur-
vilinear probe (Koninklijke Phillips N.V., Am-
sterdam, The Netherlands) A two-dimensional 
transverse interspinous view was used to visual-
ize the posterior complex (ligamentum flavum, 
epidural space and dura) (Figure 1). After loss of 
resistance to normal saline, the CFD function was 
turned on to examine flow through the epidural 
needle tip. The ultrasound probe was positioned 
in the transverse axis slightly below the epidural 
needle but still in the interspinous space (Figure 
2). Two-dimensional (2D) ultrasound images 
were initially obtained after making adjustments 
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CFD pattern. The best views were obtained while 
the probe was tilted upwards, parallel to the lum-
bar spinous process orientation, in order to avoid 
shadow interference cast by the spinous process 
bony structure. This maneuver optimized the 2D 
view by minimizing the shadowing caused by 
bony structures. Five milliliters of sterile saline 
were administered as a flush through the needle 
while recording the CFD images. The same pro-
cedure was repeated with a slow injection of 5 
mL of saline. Ultrasound acquisition images 
were obtained and analyzed by two anesthesiolo-
gists (ERP and AR) experienced with the use of 
ultrasonography (three years of experience using 
ultrasound for epidural placement). The speed of 
injection was not standardized.

The color scale was adjusted to maximize col-
or flow while avoiding excessive aliasing. The 
best images were best seen with a color scale 
on the range of 12-20 without needing to adjust 
the baseline. After identification of the epidural 
space with CFD, the spinal needle was used to 
confirm return of CSF. The primary method of 
detecting the epidural needle was after confirma-
tion of CSF. We had CSF return in all patients in 
this study. After placement of the epidural cath-
eter, parasagittal and transverse views with CFD 
were obtained to identify location of the catheter 
within the epidural space. Two levels above and 
below the insertion site were used to locate the 
epidural catheter. The same settings previously 
described on the CFD were used while trying to 
locate the catheter in the space. Continuous data 
were reported as mean, standard deviation and 
range. Frequency distribution was used to de-
scribe categorical variables.

Results

Thirty-five patients were included in the study. 
The mean age of the patients was 28.6±6 years, 
BMI 35.2±8.2 kg/m2, and gestational age 
38.3±1.7 weeks. Demographic variables are 
shown in Table I. We were able to visualize the 
posterior complex in 100% of the patients when 
we initially scanned the lumbar spine before the 
procedure. Identification of the posterior com-
plex using CFD while the epidural needle was 
possible in place was 27 of the 35 patients (77%). 

on the ultrasound system. These include an ap-
propriate scanning depth (6-12 cm), using the 
“penetration” or “general” frequency range and 
adjusting the gain or the time gate compensation 
to improve image resolution. The CFD function 
was then turned on and then the window was ad-
justed to be centered over the area of interest. We 
adjusted color baseline to enhance the qualitative 
depiction of flow. We also increased color gain 
to amplify the appearance of flow changes. The 
color gain was adjusted to a level that provided 
the best image while avoiding the display of ran-
dom color speckles.

The orientation and tilt of the ultrasound probe 
was essential for optimal visualization of the 

Figure 1.—Normal sonoanatomy of the transverse interspi-
nous space at the lumbar spine. The region of interest has 
been selected to improve image resolution before turning 
CFD on and appears as a rectangle on the image.
ESM: erector spinae muscle; AP: articulation process; TP: 
transverse process; ISL: interspinous ligament; PC: poste-
rior complex.

Figure 2.—View of the epidural needle and its relation to the 
curvilinear ultrasound probe.
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ence to the posterior complex (approximately 
0.5cm) in relation to the posterior complex (Fig-
ure 5). The epidural pattern confirmed needle tip 
position, while the needle pattern confirmed the 
trajectory of the needle to the epidural space. In 
no patients was the epidural needle tip directly 
identified without the use of two-dimensional 
ultrasound. All patients had positive return of 
CSF after insertion of a 27-G pencil point spinal 
needle through the Tuohy epidural needle. In two 
patients, we used CFD to visualize the intrathe-
cal injection of the spinal dose of local anesthetic 
(Figure 4). In all patients the epidural pattern of 
flow as well as the epidural space pattern correct-
ly identified the epidural space. In those patients 
in whom the posterior complex was not visual-
ized with CFD (N.=8), the epidural needle ori-
entation limited the tilt of the ultrasound probe. 
Despite the inability of CFD to detect epidural 
tip needle placement in those cases, we had con-
firmation of needle placement after loss of resis-
tance by return of cerebrospinal fluid with spinal 
needle insertion. In one case, despite the loss of 
resistance, the CFD pattern of the needle identi-
fied its position off the midline and out of the 
epidural space, in relation to bony structures. Re-
adjusting the needle position, the epidural space 
was located, and the tip position was confirmed 
by the use of CFD.

Table II shows the level of insertion and der-
matomal sensory level achieved with the CSE 
technique measured two hours after the proce-
dure. This was done to assess the analgesic ef-

The application of CFD created three very dis-
tinct patterns. The first pattern was the visual-
ization of color flow through the epidural space, 
which consisted of a red and blue mosaic at a 
level adjacent to the posterior complex (Figure 
3). The second one was also a mosaic pattern, 
but this one closely enveloping the trajectory of 
the epidural needle itself (Figure 4). The third 
one displayed the spinal space as a linear mosaic 
color pattern occurring at deeper level in refer-

Figure 3.—CFD turned on. Area of interest showing the first 
pattern of epidural location of needle tip.

Figure 4.—CFD turned on. An area of interest showing sec-
ond pattern corresponding to epidural needle trajectory (A). 
Note that the distal mosaic (B) corresponds to the epidural 
space where the needle tip is positioned.

Figure 5.—CFD turned on showing color flow distal to the 
posterior complex in the intrathecal space.

Table I.—�Demographic variables.
Demographic data Mean±SD Range

Age 28.6±6 20.1-46.5
BMI 35.2±8.2 22.6-58
Gravida 3.11±2.1 1-11.0
Para 2.71±2.1 1-10.0
Gestational age 38.34±1.7 34-40
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identification of the epidural space with the use 
of CFD, rather than on predicted epidural space 
depth. The accurate identification of the epidu-
ral space would be expected to reduce the risk of 
complications such as accidental dural puncture, 
which occurs in 0.19% to 3.6% of cases after la-
bor epidural insertion18, 19 and potentially limit 
the false positive rate with the loss of resistance 
technique.

Ultrasound real-time epidural needle place-
ment has been described with the use of two 
ultrasound planes. Grau et al. described a real-
time two-operator technique in a paramedian 
sagittal scan to guide the out-of-plane epidural 
needle advancement during a CSE procedure.14 
Karmakar et al. described an in-plane parame-
dian sagittal scan technique.20 The authors used 
a spring saline loaded syringe to detect loss of 
resistance and recorded 2D ultrasound changes. 
The reported changes included anterior displace-
ment of the posterior dura and widening of the 
epidural space, which were present in 53.3% of 
the cases. They were also unable to see the nee-
dle tip at all times and had to resort to shaking the 
needle and observing tissue movement, which 
carries a degree of needle location uncertainty. 
The transverse view that we used in our study 
facilitates a single-operator maneuverability 
through the interspinous space.15 Manipulation 
of the ultrasound probe with this technique is op-
erator-friendly, as the same person can inject sa-
line through the epidural needle while assessing 
CFD. Of note, the ultrasound probe is not used 
for real-time needle insertion but for confirma-
tion of epidural needle tip location. This means 
that once loss of resistance occurs, one hand can 
be used to inject saline while the other hand sus-
tains the probe. Regardless of the technique used 
to locate the epidural needle tip on the posterior 
complex, the operator has to face unwanted ultra-
sound artifacts, as bony structures cause acoustic 
shadowing and epidural space depth limits im-
age resolution. CFD could potentially be used to 
‘color’ the epidural needle trajectory to add in-
formation to 2D ultrasound techniques.

Accurate positioning of the epidural needle tip 
is absolutely necessary for adequate analgesia 
provided through the epidural catheter. Different 
tests are available to detect epidural location of 

fect of the epidural catheter rather than the ef-
fect of the initial spinal dose. Quality of labor 
analgesia was rated as satisfactory in 100% of 
patients. Twenty-seven patients (77.1%) had a 
T10 dermatomal level, whereas an uneven level 
was observed in two patients (Table II). The epi-
dural catheter tip was visualized in 13 patients 
(37.1%). When the catheter tip was visualized, 
it was present at the spinal level of insertion in 
100% of the patients (Figure 5).

Discussion

Our study shows that CFD is a useful technique 
to confirm the adequate position of the epidural 
needle tip in the context of labor analgesia. CFD 
is a function embedded in most ultrasound ma-
chines and helps in guiding the epidural needle 
tip into the proper position before advancement 
of the epidural catheter.

Two-dimensional ultrasound is being increas-
ingly employed to delineate the anatomical 
landmarks of the lumbar spine and for real-time 
insertion of the epidural needle.13-15 Although 
the distance between the skin and the posterior 
complex identified with ultrasound assists in 
the prediction of needle depth evaluation,15 in 
some parturients (e.g. obese and morbidly obese 
patients) the release of the pressure applied to 
the ultrasound probe used to mark the insertion 
point changes the original measure. This situa-
tion makes this method unreliable and inconsis-
tent.16 Additionally, in patients with abnormal 
spine anatomy, simple ultrasound may be chal-
lenging.17 In our study, we focused on the direct 

Table II.—�Epidural needle level of placement and der-
matomal sensory level achieved with the CSE tech-
nique measured two hours after the procedure.

Level of placement N. (%)

L3-L4 17 (48.6%)
L4-L5 18 (51.4%)

Dermatome sensory level
T4 2 (5.7%)
T7 2 (5.7%)
T8 1 (2.9%)
T10 27 (77.1%)
T12 1 (2.9%)

Uneven level (T8/L1) 2 (5.7%)
Good pain management 35 (100%)
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The discrepancy with Elsharkawy’s findings oc-
curred despite having used a similar technique 
described by the authors. However, the use of 
parasagittal views, thoracic versus lumbar ver-
tebral levels, and bilateral and multilevel scans 
might contribute to the differences encountered 
between the two studies. Interobserver variabil-
ity is also a potential factor to explain the dis-
crepancy between studies.

To the best of our knowledge, our study is the 
first one evaluating the position of the epidural 
needle with color Doppler ultrasound. Determin-
ing the adequate position of the needle is critical 
in obstetric anesthesia settings to ensure adequate 
labor analgesia and to avoid complications related 
to accidental intrathecal or intravascular injection. 
Indirect methods to rule out malposition of the 
catheter include a test dose containing lidocaine 
with epinephrine, and institution dermatomal sen-
sory block. The use of a test dose in laboring pa-
tients is controversial. Calimaran et al. studied the 
effect of a lidocaine-epinephrine test dose after 
CSE for labor analgesia on motor response, find-
ing that it caused interference with simple motor 
tests and motor function.32 In labor, immobility 
may be associated with patient dissatisfaction and 
complications related to venous stasis. Further-
more, being able to sit upright and walk during 
labor reduces labor duration and risk of cesarean 
birth.33 Norris et al. advocated for the avoidance 
of the test dose altogether in labor epidural analge-
sia.34 Although, being able to consistently identify 
the epidural position of the needle tip with CFD 
might provide assurance to the anesthesiologist to 
not use the test dose, there is still a potential risk 
of catheter advancement into the subarachnoid or 
intravascular spaces. In our study, we were able to 
identify the difference in observed CFD patterns 
between the epidural and the intrathecal spaces. 
Elsharkawy reported a successful experience to 
detect accidental dural puncture with PWD in a 
thoracic epidural procedure. To our knowledge, 
ours is the first reported experience with CFD to 
confirm intrathecal needle position. We were able 
to identify the only one false positive loss of re-
sistance epidural needle placement with the use of 
CFD and make immediate corrective action.

Confirmation of accurate epidural placement 
in labor is achieved through adequate derma-

the epidural tip. Loss of resistance (to air or nor-
mal saline) is the most widely used method. Since 
its introduction by Sicard and Forestier, the loss of 
resistance technique has been embraced by most 
anesthesiologists. However, despite a positive 
loss of resistance test, lumbar epidural failure rate 
remains as high as 27-32%.21 Failure might be due 
to a false positive loss of resistance test secondary 
to degeneration of spinous ligaments with cavity 
formation, paraspinous muscle infiltration or a 
faulty syringe.22-24 Other methods to identify the 
epidural space such as attachment of an epidural 
balloon to the needle,25 bioimpedance,26 optical 
reflectometry,27 optical tomography,28 nerve stim-
ulation,29 sound detection,30 detection of syringe 
plunger pressure,31, 32 and non-invasive pressure 
detector33 are either expensive or impractical and 
have not shown to be superior to the traditional 
loss of resistance technique.29 Our results show 
a failure rate of CFD to identify needle tip posi-
tion in the epidural space in around one fourth of 
cases. However, in those patients, labor analgesia 
was satisfactory. We might argue that although 
CFD may not be able to eliminate the risk of a 
failed epidural, it may prove to be a useful tool to 
reduce the overall analgesia failure that occurs in 
approximately one fourth to one third of patients 
reported in the literature. Our study evaluated a 
possible role for the use of color Doppler to con-
firm epidural needle tip position in labor analgesia 
and thus could have implications for decreasing 
the rate of false loss of resistance tests.

There are studies on CFD and neuraxial anes-
thesia. CFD has been used to identify the caudal 
space and to confirm epidural injection in chil-
dren.30, 31 Ultrasound penetration through ossi-
fied structures is more difficult in the adult popu-
lation due to the dark acoustic shadowing gener-
ated. Elsharkawy et al. retrospectively studied 37 
patients with technically difficult epidural cath-
eter placement using color Doppler ultrasonogra-
phy to identify the position of the catheter.11 The 
authors were able to identify the catheter tip and 
the segment from the skin to the epidural space 
in 89% and 67.5% of the patients, respectively. 
In their study, the tip of the epidural needle was 
not evaluated. In our study, we were not able to 
replicate their results. Our results showed a low-
er rate of visualization of the epidural catheter. 
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Conclusions

Future research is warranted to evaluate perfor-
mance of Doppler ultrasound in labor analgesia in 
terms of procedural time, quality of pain control 
and patient satisfaction. Since our patient popu-
lation exhibited BMI values that were not on the 
high range, future studies should focus on the 
technical feasibility and performance of CFD in 
morbidly obese parturients. Given the different 
ultrasound guided epidural techniques, we believe 
that further research would be necessary to com-
pare CFD with other ultrasound-based techniques.

What is known

•  Labor epidural needle insertion and 
catheter placement are blind procedures with 
a high failure rate.

•  The use of ultrasound to guide epidural 
needle placement is emerging as a safe alter-
native to the blind techniques used.

What is new

•  Color flow Doppler (CFD) can be used 
to confirm the adequate position of the epi-
dural needle tip in the context of labor anal-
gesia.

•  The technique uses a transverse ultra-
sound plane and application of CFD in the 
region of the posterior complex.

•  Three CFD patterns may assist in guid-
ing the needle to the epidural space. This in-
cludes a pattern for the epidural space itself, 
one surrounding the epidural needle and an-
other one for the intrathecal space.
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