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Ultrasound guided L5–S1 placement of labor epidural does not

improve dermatomal block in parturients
T. Malik, O. Malas, A. Thompson
Department of Anesthesia and Critical Care, University of Chicago, Chicago, United States of America
ABSTRACT
Background: Based on their experience or training, anesthesiologists typically use the iliac crest as a landmark to choose the L3-4
or L2-3 interspace for labor epidural catheter placement. There is no evidence-based recommendation to guide the exact place-
ment. We hypothesized that lower placement of the catheter would lead to a higher incidence of S2 dermatomal block and
improved analgesia in late labor and at delivery.
Methods: One-hundred parturients requesting epidural analgesia were randomly assigned to receive ultrasound-guided L5–S1
epidural catheter placement (experimental group) or non-ultrasound-guided higher lumbar interspace placement (control group).
The primary outcome was the incidence of S2 block 30 minutes after administering 10 mL 0.125% bupivacaine. Secondary out-
comes were average pain throughout labor and maximum pain during labor or during delivery.
Results: Forty-nine subjects were enrolled in control group and 47 in the experimental group. The primary endpoint did not sig-
nificantly differ between groups (control group 81% vs experimental group 91%, P=0.24). The secondary endpoints were not sig-
nificantly different: pain relief after 30 minutes (mean pain score 1.4 in the control group vs 1.9 in the experimental group, P=0.2)
and pain at delivery (mean score 4 in the control group vs 3.9 in the experimental group, P=0.6).
Conclusion: Placement of an epidural catheter at the L5–S1 interspace using ultrasound did not improve sacral sensory block cov-
erage when compared with an epidural catheter placed at a higher lumbar interspace, without using ultrasound guidance.
� 2018 Elsevier Ltd. All rights reserved.
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Introduction

Epidural analgesia is the most popular form of pain
management for parturients in labor1–3 due to its estab-
lished safety and efficacy.3–6 Despite its widespread use,
studies have shown that 0.9–23% of epidural catheters
fail to provide adequate analgesia during labor.2,7–10

Sacral sparing is a possible cause of epidural catheter
failure,4,7,11 and is thought to be caused by poor pene-
tration of analgesic medication into the sacral nerve
roots, due to the large number of these roots, the thicker
surrounding dura mater and the relatively large distance
of the catheter tip from them.4,11 Although dural punc-
ture has been shown to increase caudad sensory spread,
there is no conclusive evidence that it improves labor
analgesia when compared to epidural analgesia.12

The use of external landmarks to guide epidural
catheter placement in a lower lumbar interspace is likely
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to be ineffective,13–15 as studies have found that the
intercristal line, traditionally thought to intersect with
the L4–L5 interspace, is more cephalad in pregnant
patients16 and anesthesiologists correctly identify the
interspace of epidural insertion only 14–29% of the
time.17,18 The cephalad displacement of the intercristal
line also poses a theoretical risk of injury to the conus
medullaris during epidural catheter insertion.19,20

Procedural ultrasound can identify the level of epidu-
ral catheter insertion, screen for anatomic variations in
the spinal column, and demonstrate pregnancy-related
tissue changes.21–24 Pre-puncture ultrasound has been
found to decrease the number of puncture attempts,
the number of catheter manipulations and pain inten-
sity, as reported using a verbal numeric rating score
(VNRS) during labor, while also increasing patient sat-
isfaction.24–26 No study to date has determined if plac-
ing an epidural catheter in a lower interspace, closer to
the sacral nerve roots, accurately identified by ultra-
sound, might lead to decreased sacral block sparing
and greater dermatomal coverage.
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The aim of this study was to evaluate the effectiveness
of the sacral dermatomal block when an epidural cathe-
ter is placed at the L5–S1 interspace, using pre-puncture
ultrasound guidance, compared to placement at the L3-
4 or L2-3 interspace, using surface landmarks. The pri-
mary endpoint of this study was the incidence of S2 der-
matomal block 30 minutes after catheter placement.
Cephalad and caudal dermatomal nerve block, the num-
ber of interventions required to achieve adequate pain
relief, and the pain scores of patients 30 minutes after
epidural insertion and during labor, were also assessed.

Methods

This double-blinded randomized controlled trial was
conducted at the Mitchell Hospital of the University
of Chicago. Institutional Review Board (IRB) approval
was obtained and the study was registered at Clini-
calTrials.gov (NCT01182220). Inclusion criteria were
term pregnancy English-speaking ASA II-III parturients
who had requested neuraxial pain relief in labor and
were not in acute distress. Exclusion criteria included
parturients whose cervix was dilated more than 5 cm,
who had a greater than 5/10 pain on a VNRS (0 repre-
senting no pain and 10 the worst possible pain), were
less than 18 years’ old, were expecting premature deliv-
ery (at less than 37 weeks’ gestation) or who had neurax-
ial analgesia contraindications.

All parturients who requested neuraxial analgesia
during labor and who met inclusion criteria were offered
study participation. After obtaining written informed
consent, patients were randomized using a computer-
generated number list into either the control group (sub-
jects assigned to receive epidural catheters placed at the
L3–4 or L2–3 interspace) or the experimental group
(subjects assigned to receive epidural catheters placed
at the L5–S1 interspace using ultrasound guidance). Par-
ticipants were blinded to their group assignment.

Sealed envelopes with the group allocation were
opened by the primary investigator when epidural anal-
gesia was requested. All procedures were performed by
residents under the direct supervision of an anesthesiol-
ogist with more than five years’ experience with lumbar
spine ultrasound scanning. After epidural insertion, all
drug administrations and evaluations were performed
by an anesthesiologist who was blinded to group alloca-
tion and who took no part in data analysis. Outcome
data were recorded by an observer who entered the
room after the procedure had been completed. The data
were analyzed by the principal investigator, who was
unaware of group allocation.

In both groups, prior to epidural insertion a low fre-
quency (2–5 Hz) curved array probe (Sonosite Inc,
Bothell, WA) was applied to the back, but only in the
experimental group was the machine switched on. In this
group, spinal interspaces were imaged in the short axis
and the paramedian oblique long-axis view, to identify
the L5–S1 interspace. The probe was placed in the long
axis over the bony contour of the sacrum and was
moved cephalad until the first interspace was visualized
as a break in the bony outline: this point was marked on
the skin. The probe was then turned 90� to visualize the
L5–S1 interspace in the short axis, the middle of which
was also marked on the skin. This was used as the epidu-
ral insertion point for the L5–S1 interspace.

The epidural catheter insertion technique was stan-
dardized for both groups. Patients were sitting and
had continuous maternal and fetal heart rate and mater-
nal blood pressure monitoring. The back was cleaned
and draped in a sterile fashion. In the experimental
group, all patients underwent epidural placement in
the marked L5–S1 space. In the control group, the inter-
cristal line was used to identify the L4 vertebral body.27

This landmark was used to place the epidural catheter at
the L3–4 or L2–3 interspace as is the current practice at
our institution. In both groups, a 17-gauge Tuohy
epidural needle (Teleflex Inc., Limerick, PA) accessed
the epidural space using the loss-of-resistance to air
technique. A 19-gauge FlexTip Plus epidural catheter
(Teleflex Inc.) was threaded 4–5 cm into the space. After
a test dose of 3 mL lidocaine 1.5% with epinephrine
5 mg/mL, two doses of 5 mL bupivacaine 0.125% were
administered five minutes apart.

Upper and lower dermatomal spread, using loss-of-
sensation to cold (with ice) and VNRS pain scores were
assessed 30 minutes later by an anesthesia resident who
was not part of the research team. Sensory levels were
assessed starting at the S2 dermatome, then working
upward: thoracic levels were assessed in the anterior axil-
lary line.Dermatomal levels were tested by placing ice at
the inguinal crease (L1), the front of thigh (L2), the med-
ial side of front of knee (L3), the medial malleolus (L4),
the dorsum of the foot just proximal to the first two toes
(L5), the lateral margin of foot (S1), and the medial half
of the popliteal fossa (S2), xiphoid process (T6) and
umbilicus (T10).28 An epidural infusion of 0.0625% with
fentanyl 2 mg/mL at 10 mL/h, with a patient-controlled
dose of 5 mL available every 20 minutes, was started.

Patients were reassessed every two hours during
labor. A pain score of less than 4/10 was defined as
being comfortable. Unilateral block (defined as a differ-
ence of more than three dermatomal levels between the
right and left side), was managed with two doses of
5 mL bupivacaine 0.125%, administered 10 minutes
apart. If pain persisted (score greater than four) with
inadequate dermatomal coverage, the catheter was
pulled back to leave 3 cm in the epidural space and
two further doses of 5 mL bupivacaine 0.125%, 10 min-
utes apart, were given. If pain relief and coverage
remained incomplete, the catheter was replaced. Supple-
mental interventions were recorded and compared as
secondary endpoints. After delivery parturients were
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assessed by the resident to determine the pain score dur-
ing delivery and satisfaction with pain management. The
epidural catheter was removed within two hours of
delivery.

The following data were collected: age, weight,
height, gravida, parity, mode of delivery, presence or
absence of S1 and S2 dermatomal sensory blocks on
each side 30 minutes after epidural placement, the num-
ber of dermatomes blocked on each side, and the num-
ber of re-doses, manipulations and replacements of the
epidural catheter. Pain scores during contractions, from
the time of epidural catheter placement to full cervical
dilatation and at the time of delivery, were recorded.

Based on published studies using the same study drug
solution, with a baseline incidence of S2 block of less
than 25% for epidural labor analgesia, and outcomes
reported by Suzuki et al.,29 the sample size needed to
detect a doubling of sacral block to 50% in the experi-
mental group (at 80% power and at a P-value of less
than 0.05) was 30 per group.30 The sample size was
increased to 50 per group to allow for drop-outs and
incomplete data acquisition.

The analysis was performed using SAS version 9.3
(SAS Institute, Cary, NC), and graphs were created
Fig. 1 CONSO
using SigmaPlot version 10.0 (Systat Software, San Jose,
CA). Basic descriptive statistics were calculated for the
control group and the experimental group. Normality
of all continuous variables was assessed using the
Kolmogorov-Smirnov test. Frequencies with percent-
ages or means with standard deviations (SD) were calcu-
lated as appropriate for patient population
demographics and epidural characteristics. Pearson
chi-square or Fisher exact tests (for categorical vari-
ables) and t-tests or Wilcoxon tests (for continuous vari-
ables) were used to assess univariate clinical differences
between the groups. A P-value <0.05 was deemed statis-
tically significant.

Results

Three-hundred-and-fifty women were screened for eligi-
bility: 102 were not eligible, 248 were approached and
130 gave consent to participate. One-hundred subjects
were randomized, because 30 patients delivered before
requesting labor analgesia. Fifty subjects were random-
ized to each group but only 96 were eligible for analysis
(49 in the control group and 47 in the experimental
group, CONSORT diagram, Fig. 1).
RT diagram.
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Patient characteristics, epidural catheter characteris-
tics and the number of interventions (catheter retraction,
solution change, catheter replacement, extra boluses)
were similar in both groups (Table 1). The primary end-
point of the study was S2 dermatomal block in the two
groups: there was no significant difference between the
groups. There was no significant difference in the num-
ber of dermatomes blocked on each side, or in the sec-
ondary endpoints and pain scores after epidural
placement and at delivery. The incidence of catheters
requiring manipulation (51% in control group vs 60%
in experimental group) or replacement (4.1% in control
group vs 2.2% in experimental group) was not statisti-
Table 1 Population demographics and epidural analgesia ch

Control Group (n

Population Demographics

Age (y) 26.9 ± 5.4
BMI (kg/m2) 32.0 ± 7.2
Gravida (n) 2.6 ± 1.7
Parity (n) 0.7 ± 1.1
Mode of delivery (n, %)
SVD 41 (83.7)
cesarean 8 (16.3)

Epidural Characteristics

Epidural duration (h) 9.2 ± 5.7
Depth (cm) 6.4 ± 2.0
Threading 10.4 ± 2.2
Need for intervention 25 (51)
Type of intervention
Catheter retraction 3 (6.0)
Solution change 11 (22.0)

Catheter replacement 2 (4.1)
Multiple Boluses 23 (46.9)

Analgesic Characteristics

Bilateral S2 block 40 (81.63)
Mean no. dermatomes blocked 10.7 ± 1.8
Dermatomes blocked
Right 10.7 ± 1.9
Left 10.8 ± 2.0

Pain 30 min after epidural placement 1.4 ± 1.6
Pain at delivery 4.0 ± 1.5

Values are in mean (SD) or number (%). BMI: body mass index. SVD: sp

Table 2 Sacral (S2) dermatomal coverage before and after

Control group n (%)

(a) Difference in S2 dermatomal coverage between groups, prior to

Right S2 27 (61.4)
Left S2 26 (59.1)
Any S2 28 (56.0)

(b) Difference in S2 dermatomal coverage between groups, 30 minu

Right S2 42 (85.7)
Left S2 42 (85.7)
Any S2 45 (90.0)

n: number of patients (%). S: sacral.
cally different, and there was no difference in the mode
of delivery.

For patients in whom inadequate analgesia necessi-
tated administration of a manual bolus, S2 coverage
immediately prior to a manual bolus administration
was not significantly better in the experimental group
compared to the control group (Table 2).

Discussion

In this study, sacral dermatomal spread in parturients
with an epidural catheter placed at the L5–S1 interspace
based on ultrasound guidance was compared to the
aracteristics at 30 minutes.

=49) Experimental Group (n=47) P-value

27.6 ± 6.5 0.543
31.8 ± 8.0 0.879
2.7 ± 2.4 0.808
0.9 ± 1.5 0.620

0.999
39 (84.8)
7 (15.2)

8.1 ± 5.5 0.340
6.6 ± 1.7 0.548
10.7 ± 1.7 0.571
27 (60) 0.382

2 (4.4) 0.999
7 (15.6) 0.442
1 (2.2) 0.999

27 (60.0) 0.205

42 (91.30) 0.243
10.4 ± 2.4 0.518

10.5 ± 2.5 0.775
10.3 ± 2.6 0.366
1.9 ± 1.9 0.194
3.9 ± 2.1 0.656

ontaneous vaginal delivery.

manual bolus.

Experimental group n (%) P-value

manual bolus

38 (95.0) <0.001
39 (97.5) <0.001
39 (83.0) 0.004

tes after manual bolus

44 (95.7) 0.161
43 (93.5) 0.319
45 (95.7) 0.437
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spread from an epidural catheter placed at the L3-4 or
L2-L3 interspace using intercristal line landmarks. The
S2 dermatomal block and spread were similar 30 min-
utes after epidural drug administration. There was no
difference in pain score during labor or at delivery or
in the number of interventions between the two groups.

This finding is consistent with a previous study in
which L4-5 epidural catheter analgesic characteristics
were similar to those for a catheter placed at L1-2, even
though better sacral coverage in the group with an L4-5
catheter was shown. Our incidences of catheter manipu-
lation, unilateral blocks and catheter replacement did
not significantly differ.31 Improved sacral coverage has
been demonstrated using a 26-gauge spinal needle to
puncture the dura before initiating epidural anesthe-
sia,29 although that study did not evaluate the sacral
dermatomal block effect of dural puncture for more
than 20 minutes. Chau et al. found 85% S2 dermatomal
coverage in the epidural arm of a study 30 minutes after
an initial loading dose of local anesthetic.34 However,
epidural catheters were placed at the L2–3 or L3–4 inter-
space without ultrasound guidance, which may have
made localization of the interspaces unreliable, and
determination of S2 coverage was not the primary end-
point of that study.

Furthermore, Suzuki et al. 29 used 18 mL mepiva-
caine 2% in the epidural space while Chau et al. used
20 mL bupivacaine 0.125% with fentanyl 2 mg/mL in
the epidural arm and dry-puncture epidural arm of the
study, to initiate labor epidural analgesia. Cappiello
et al. 30 did not find sustained analgesic benefit despite
improved sacral coverage when a 25-gauge spinal needle
was used for dural puncture when initiating labor epidu-
ral analgesia. Additionally, epidural analgesia was initi-
ated with 12 mL bupivacaine 0.25% and a continuous
epidural infusion of bupivacaine 0.125% with fentanyl
2 mg/mL. This made the finding of a sacral block irrele-
vant in the context of the low concentrations of local
anesthetic solutions currently used to maintain labor
epidural analgesia.

The reported incidence of failure of labor epidural
analgesia is approximately 12%.2 Sacral-sparing is one
cause of inadequate epidural analgesia, especially in
the later stages of labor, and may prompt the use of a
pudendal block, a combined spinal-epidural (CSE) tech-
nique or opioids, to improve analgesia. A CSE tech-
nique for catheter placement improves immediate pain
relief and sacral coverage30 but has not been shown to
improve labor analgesia. There are no guidelines or rec-
ommendations about which interspace to use for epidu-
ral placement in order to improve labor analgesia.
Typically an anesthesiologist uses an iliac crest land-
mark, expecting this to be the L2–3 or L3–4 interspace,
but this is unreliable and anesthesiologists often end up
placing epidural catheters at a higher space than
intended.17,18,32 Solutions injected into the lumbar
epidural space tend to spread in a cephalad rather than
caudad direction.33 If the tip of an epidural catheter is
placed at or above the L3-4 interspace, the anesthetic
solution injected is both further away from the sacral
roots and tends to move further cephalad; this may limit
its effect on the sacral roots.

This study was intended to assess whether epidural
catheters placed at the L5–S1 level can provide
improved S2 coverage and hence improve pain control
during the late stages of labor. No difference in coverage
between the groups was found. Possible explanations
may be the influence of the epidural space anatomy
and the role of volume and concentration of local anes-
thetics on the spread of epidural analgesia. The structure
of the epidural space is not uniform34 and this makes
spread of, and neural blockade produced by, local anes-
thetic unpredictable. There is a positive correlation
between the volume of local anesthetic and extent of
sensory block. Larger volumes of more dilute solutions
produce more extensive blockage than smaller volumes,
even if the total mass of local anesthetic is the same,35

but the evidence is not conclusive.36 In general, when
the volume of a lower concentration solution is more
than twice the volume of the more concentrated solu-
tion, the sensory block will be more extensive in the
high-volume group, even if the total dose of local anes-
thetic is the same.37 The current study used 13 mL injec-
tion volume to establish epidural analgesia and could
account for the lack of difference between the study
groups. The S2 coverage wore off more often in the con-
trol group than the experimental group when the S2
levels were checked prior to a manual bolus, but there
was no difference in coverage after the manual bolus.
Epidural catheters placed at the L4–5 interspace
required fewer boluses in the later stages of labor com-
pared to catheters at the L1–2 interspace,31 and
although this study did not collect data on sacral der-
matomal coverage beyond 60 min after initiating epidu-
ral analgesia, better sacral coverage might explain fewer
manual boluses requested by patients with an L4–5
epidural catheter in later stages of labor.

The only unexpected finding of our study was a high
incidence of S2 block in both groups during initiation of
epidural analgesia and after a clinician-administered
bolus. The baseline incidence of S2 block has been
reported as 25%,25,29 but in this study it was almost
80%. A high incidence was also reported by Chau et al.38

Thismay be related to the high volume of local anesthetics
used to establish epidural analgesia, the concentration of
local anesthetic used to initiate epidural analgesia, or the
variability in the S2 dermatome pattern among patients.
Since pain in the second stage and the later stages of labor
is often felt in the S2–S4 dermatomes, blocking S2 alone
may not be enough tomake a clinical difference. It is often
impractical to test the S3-4 sensory block level clinically
because the dermatomes are perianal. The placement of
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epidural catheters in the lowest interspace did not increase
pain in the early stages of labor because the median num-
ber of dermatomes and the upper end of dermatomal
block did not significantly differ.

There are some limitations of this study. The control
group had an epidural placed using clinical landmarks,
which is notoriously unreliable. Since we did not check
the interspace level with ultrasound, even at the time
of removal of the catheter, the catheter in the control
group could have easily been placed at the L4–5 instead
of the L2–3 interspace, resulting in a false-negative out-
come. The study did not have the power to detect the
difference in the number of interventions and in the S2
dermatomal coverage between the two groups towards
the later stages of labor. This makes a lower incidence
of S2 dermatomal blockage in the control group, when
checked in the later stages of labor, less significant.
The study did not have a spinal-epidural analgesia
arm, this approach being a well-known technique to
facilitate sacral sensory block coverage. A future study
comparing CSE performed at the L3–4 or L2–3 lumbar
interspace, compared to one done at the L5–S1or L4–5
interspace, could indicate the preferred interspace for
optimal labor epidural analgesia in late labor.

In summary, epidural catheters placed with ultra-
sound guidance at the L5–S1 interspace offered no
advantage over those placed at L3–4 or at a higher inter-
space using the intercristal line landmark technique to
identify the interspace, when epidural analgesia was ini-
tiated with at least a 13 mL volume of local anesthetic.
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