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Scoliosis can pose challenges to the initiation and function of neuraxial anesthetics.
We reviewed the available literature exploring neuraxial techniques in parturients
with uncorrected or corrected (i.e., surgically instrumented) scoliosis. The 22
articles reported 117 attempted neuraxial procedures (uncorrected n � 24 and
corrected n � 93). Of these procedures, 79% of uncorrected patients and 69% of
corrected patients were successfully managed with neuraxial anesthesia. Proce-
dures were typically more challenging in corrected patients; 90% of all reported
difficulties in this subgroup involved epidural anesthetics. Complications were
reported in 3 of 103 patients. We provide suggestions for optimizing efficacy of
neuraxial techniques in these patients.
(Anesth Analg 2009;109:1930–4)

Scoliosis, defined as a lateral curvature of the spine, is
present in approximately 2% of the general population,1

with the prevalence in women twice that in men.2 The
cause of most scoliosis is unknown.3 The decision to treat
scoliosis through conservative means (e.g., bracing) as
opposed to corrective surgery depends, in part, on the
degree of curvature (described as the “Cobb angle”) and
the rate of curve progression.4

Whether corrected or uncorrected, the anatomic
anomalies of scoliosis can hinder the placement and
effective functioning of neuraxial anesthetics. Despite
these difficulties, successful spinal and epidural anes-
thetics have been reported in parturients with scolio-
sis.5–7 Epidural analgesia has also been described as an
effective means of providing postoperative analgesia
after scoliosis surgery.8

The incidence of operative delivery is higher in
parturients with scoliosis than parturients without this
diagnosis.9 Neuraxial anesthesia is currently the tech-
nique of choice for operative deliveries.10 Understand-
ing the associated anatomic anomalies and challenges
of neuraxial anesthesia in this patient population is
essential to those providing analgesia/anesthesia for
obstetric patients.

This review summarizes the literature describing
neuraxial techniques in parturients with corrected

(i.e., surgically instrumented or fused) and uncor-
rected scoliosis and presents strategies for addressing
their anesthetic needs.

LITERATURE REVIEW
To identify relevant literature, we searched Ovid

MEDLINE (1950–2008) using the following terms, alone
and in combination: “scoliosis,” “pregnancy,” “epi-
dural,” “spinal,” “neuraxial anesthesia,” “Harrington
rods,” “spinal fusion,” and “back surgery.” Searches
were limited to English-language articles. We retrieved
appropriate articles and reviewed the associated bibliog-
raphies to identify additional relevant articles.

We identified 22 articles involving neuraxial analgesia/
anesthesia in parturients with scoliosis (Table 1), in-
cluding 19 case reports,5–7,11–26 2 retrospective re-
views,27,28 and 1 prospective observational study.29

Overall, 117 neuraxial anesthetic procedures were
attempted in 103 patients (24 procedures in uncor-
rected patients and 93 in corrected patients). Despite
the difficulties described below, more than two-thirds
of the patients in both groups were successfully man-
aged with neuraxial techniques (Table 2).

In the uncorrected group, the success rates for
epidural and intrathecal anesthetics (i.e., single-shot
spinal and continuous spinal anesthesia) were similar
(80% and 73%, respectively). The most common
causes of block inadequacy in this group were patchy
(8%), asymmetric (8%), or unilateral (8%) analgesia.
The inability to place a neuraxial anesthetic (referred
to as “failed placements”) or multiple attempts at
placement were each cited 4% of the time.

Of the 59 cases of block difficulty or inadequacy
reported in corrected patients, 90% involved epidural
anesthesia. The challenges in corrected patients included
inability to place neuraxial block (22%), multiple place-
ment attempts (13%), patchy analgesia (10%), excessive
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local anesthetic requirements (9%), and inadequate an-
algesia or unintentional dural puncture (4% each). Many
of these difficulties did not ultimately preclude eventual
adequate neuraxial blockade; in many instances, inad-
equacies were overcome through maneuvers such as
repositioning and additional anesthetic administration.
As such, 64 of 93 neuraxial procedures (69%) in the
corrected group were ultimately successful. Within the
corrected group, the success rate of spinal techniques
was similar to that of epidural techniques (72% and 66%,
respectively).

There was 1 reported case of postdural puncture
headache (PDPH) after continuous spinal analgesia;

however, it is unclear whether this parturient had
corrected or uncorrected scoliosis, or whether this
technique was chosen a priori or after unintentional
dural puncture. The only other reported complica-
tions were 2 cases of persistent low back pain of
unknown etiology in corrected patients after epi-
dural analgesia.

DISCUSSION
Despite reports of successful neuraxial anesthesia

in parturients with uncorrected and corrected scolio-
sis, our review of the literature suggests that rates of

Table 1. Reports of Neuraxial Anesthesia in Scoliotic Parturients

Author
Patients

n

Total neuraxial
procedures

n

Total neuraxial procedures by anesthetic technique
n

Epidural
Continuous

spinal
Single shot

spinal

Combined
spinal

epidural Other
Uncorrected

Carlson et al.5 1 1 1
Bozeman and Chandra11 1 2 1 1
Moran and Johnson7 1 2 1 1
Douglas6 1 1 1
Smith et al.a29 24 16 7 7 2
Butwick and Carvalho12 1 2 1 1

Corrected
Hubbert17 17 18 17 1
Feldstein and Ramanathan14 3 3 3
Crosby and Halpern27 8 13 13
Daley et al.28 18 21 21
Howard and Anderson16 1 1 1
Kardash et al.18 1 2 2
Pascoe et al.22 1 2 1 1
Silva and Popat23 1 2 2
Lee et al.19 1 3 3
Sudunagunta et al.24 1 1 1 CE
Ho et al.15 1 1 1
Suelto and Shaw25 1 1 1 PVB
Yeo and French26 1 3 3
Smith et al.a29 16 17 12 4 1
Moeller-Bertram et al.20 1 3 2 1 CE
Okutomi et al.21 1 1 1
Costello and Balki13 1 1 1

Overall 103 117 72 21 15 6 3
CE � caudal epidural; PVB � paravertebral block.
a Study that included both uncorrected and corrected patients.

Table 2. Outcomes of Neuraxial Procedures

Total Epidural
Continuous

spinal
Single shot

spinal
Combined spinal

epidural Othera

Uncorrected
Procedures 24 10 8 3 3 0
Successful 19 8 7 1 3 0
Complications 0 0 0 0 0 0

Corrected
Procedures 93 62 13 12 3 3
Successful 64 41 9 9 2 3
Complications 2b 2b 0 0 0 0

a Two caudal epidurals, 1 paravertebral block.
b Two cases of persistent lower back pain of unclear etiology after epidural placement.
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inadequate or failed analgesia/anesthesia in these
patients are an order of magnitude higher than in the
general parturient population.30 However, alterna-
tives for labor analgesia (i.e., systemic opioid analge-
sia) have been shown to provide less-effective pain
control than neuraxial blocks.31 In addition, the risk of
maternal mortality in the setting of general anesthesia
for cesarean delivery remains higher than that of
neuraxial anesthesia, although the difference between
the two is decreasing.32 Therefore, it is important to
identify strategies to minimize the challenges of
neuraxial techniques in this population and to choose
appropriate patients to receive these anesthetics.

In both corrected and uncorrected scoliosis, there is
distortion or absence of the spinous processes, key
landmarks for placement of neuraxial anesthetics. The
rotation of uncorrected scoliosis distorts surface anat-
omy, and palpation is not always a reliable means of
orientation; there is deviation of the midline of the
epidural space toward the convex aspect of the scoli-
otic curve relative to the spinous processes (Fig. 1).3 To
facilitate neuraxial placement in uncorrected patients,
we recommend that the needle be oriented toward the
convexity of the curve where the interlaminar spaces
are generally larger (Fig. 2).3

In corrected patients, distraction rod insertion in-
volves decortication of vertebrae and removal of spi-
nous processes along the extent of the curve.33 Scar
tissue and bone grafts can hinder the entry of

neuraxial needles into the desired space.27 Even if the
surgical site is avoided, there is a higher incidence of
retrolisthesis and spondylolisthesis caudal to the area
of fusion because of an increased rate of degenerative
change compared with nonscoliotic patients.34 Fur-
thermore, fusions can extend as low as L4 or L5 in 20%
of patients, which limits the interspaces that may be
more easily accessed.3 Finally, postoperative adhe-
sions or obliteration of the epidural space can interfere
with local anesthetic spread and increase the chance of
inadvertent dural puncture.19,35 Epidural placement
either above or below the site of previous surgery
(e.g., caudal epidural anesthesia) has been shown to be
an effective alternative.20,24,36 Subarachnoid block at
the L5-S1 level, the widest interlaminar space in the
spine, may also be feasible.18

Operative and radiographic reports may be helpful
in assessing the location and extent of vertebral in-
volvement; however, such data may not reliably facili-
tate placement because, even in healthy volunteers,
anesthesiologists incorrectly identify the lumbar in-
terspaces by palpation 71% of the time.37 Alterna-
tively, ultrasonography may be a helpful tool in
defining the relevant anatomy at the time of initiation
of neuraxial anesthesia.26,38–41

To overcome unilateral blockade, which may result
from rotation of the scoliotic spine, the patient can be
placed in the lateral position with the less-blocked side
in the dependent position.42 In some cases, a technique
using a large-volume/low-concentration local anes-
thetic solution may overcome a unilateral block. Aug-
mentation of an asymmetric block by placement of an
additional epidural catheter at the level of the un-
blocked dermatome has also been described.43 How-
ever, this technique confers the theoretical risk of
catheter intertwining with, shearing, or avulsing the in
situ catheter.

Figure 1. Thoracolumbar scoliosis with correction of the
thoracic region with Harrington rods. The lumbar portion
remains uncorrected, and the midline deviates toward the
convexity of the curve in this region. The interlaminar space
is slightly larger on the convex aspect of the curve.

Figure 2. The neuraxial needle should be oriented toward the
convexity of the scoliotic curve as it is advanced from the
interspinous space toward the midpoint of the posterior
epidural space (see arrow). Reproduced with permission
from Crosby ET. Disorders of the vertebral column. In:
Gambling DR, Douglas MJ, McKay RSF, eds. Obstetric
anesthesia and uncommon disorders. 2nd ed. Cambridge:
Cambridge University Press, 2008:139.
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Careful consideration of the timing and mode of
anesthesia for labor and delivery in patients with
corrected and uncorrected scoliosis is essential. Be-
cause spinal and epidural procedures may take longer
in both corrected and uncorrected scoliosis patients,
their utility in an urgent situation may be limited. We
recommend placing the epidural catheter early in the
course of labor and delivery to facilitate patient coop-
eration and allow ample time for troubleshooting the
technique. We advocate confirming that the epidural
catheter is correctly sited in the epidural space and that
an adequate sensory level can be achieved if necessary.
This may be done by initiating the block with incremen-
tal doses of dilute local anesthetic solution.

Alternatives to traditional epidural analgesia can also
be considered. An intrathecal catheter can be placed
using standard epidural equipment. There is inconsis-
tent evidence that placing an intrathecal catheter after
unintentional dural puncture with a large-bore needle
may reduce the risk of PDPH.44,45 Performance of
sequential spinal analgesia blocks with small-gauge
(24- to 27-gauge) pencil-point needles is also an option
for labor analgesia (and possibly subsequent operative
anesthesia) in this group and likely confers a decreased
risk of PDPH. Combined spinal-epidural analgesia with
morphine (100 �g) added to the intrathecal injection of
bupivacaine and fentanyl can reduce the rate of break-
through pain episodes during subsequent epidural
analgesia by 50%.46 Dural puncture with a 25-gauge
spinal needle performed immediately before initiation
of epidural anesthesia with bupivacaine and fentanyl
seems to improve onset, sacral spread, and bilateral
analgesia, even in the absence of intrathecal drug
administration, and may help confirm correct place-
ment of the epidural needle in the epidural space.47

Regardless of the specific neuraxial anesthetic tech-
nique chosen, the increased incidence of block failure
mandates developing plans for possible general anes-
thesia in these patients. We advocate anesthesia con-
sultation well in advance of delivery. This also allows
for review of operative reports and imaging, multidis-
ciplinary planning, and patient education regarding
the potential difficulties that may be encountered.

Our current understanding of neuraxial analgesia/
anesthesia in patients with scoliosis is limited by the
quality and quantity of the published data. There may be
reporting bias; our data may overestimate (or underes-
timate) the true incidence of ineffective neuraxial anes-
thetics in this population. The choice of the specific
neuraxial anesthetic technique used in the reported
cases was made by the clinicians caring for these
patients and may not be representative of other prac-
tice settings. Finally, the vocabulary used by the authors
of these reports to describe inadequate anesthesia and
analgesia (e.g., “patchy” and “asymmetric”) and techni-
cally challenging procedures (e.g., “multiple attempts
at placement” and “difficult placement”) are not pre-
cisely defined and may lead to inappropriate classifi-
cation of similar experiences. Although we anticipated

that spinal techniques would be more effective in the
corrected population than would epidural techniques,
this conclusion cannot be drawn from these reported
cases. Randomized controlled studies of neuraxial
anesthesia in parturients with corrected and uncor-
rected scoliosis are required to further define efficacy
and optimal techniques.
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