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Editor’s key points

† Computed tomography,
corroborated with
fluoroscopic images and
ultrasound, was used to
guide an epidural catheter
in a patient with scoliosis.

† Importantly, the authors
developed an algorithm to
neuraxial anaesthesia in
scoliosis.

† A systematic approach
may improve the success
rate of neuraxial
anaesthesia in scoliosis.

We report on a case in which computed tomography was used to guide placement of an
epidural catheter in a patient with severe scoliosis and congenital dwarfism. In addition, the
computed tomograms were corroborated with ultrasound and fluoroscopic images in the
patient. Three years later, the patient had a spinal anaesthetic performed with only the use
of ultrasound-guidance. Ease of placement of the epidural and spinal was greatly enhanced
by imaging. We present an algorithmic approach to neuraxial anaesthesia in the patient
with scoliosis to help guide placement. The algorithm first directs the provider to determine
the type and severity of the scoliosis from the patient’s history, physical examination, and
any prior radiologic studies. If the anaesthesia provider understands and is comfortable
with the patient’s anatomy, then the provider may cautiously proceed with placement.
Depending upon the degree of lateral curvature (Cobb angle), idiopathic scoliosis is
classified as mild (11–258), moderate (25–508), or severe (.508). Mild idiopathic scoliosis is
managed with good positioning. Moderate idiopathic scoliosis is managed with a
paramedian approach on the convex-side of the curve or a midline approach with
angulation towards the convex-side or with the aid of imaging such as ultrasound. Severe
idiopathic scoliosis is managed with the assistance of imaging or an alternative form of pain
management should be considered. A systematic approach may facilitate safe, efficient,
and successful neuraxial anaesthesia procedures in the scoliotic patient.
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Neuraxial anaesthesia is routinely performed without the aid
of imaging modalities. In certain patient populations such as
obesity or severe scoliosis, placement of epidural catheters
without imaging may be difficult and potentially unsafe.1 In
these cases, the use of fluoroscopy, computed tomography
(CT), or ultrasound may be beneficial. Of these imaging modal-
ities, onlyultrasound is portable, relatively inexpensive and free
of ionizing radiation. Similar to fluoroscopy, ultrasound has the
potential to be used in real-time. We report on a case in which
all three of these imaging modalities were utilized to view the
epidural space in a patient with severe scoliosis and congenital
dwarfism. This case highlights the value of a systematic ap-
proach when performing neuraxial anaesthesia in the patient
with severe scoliosis. The authors obtained Institutional
Review Board approval and written permission from the
patient to report the case.

Case report
A 56-yr-old female, ASA III, presented for a pelvic exenteration
and hysterectomy for an invasive rectal adenocarcinoma. The

patient had previously received radiation treatment and
chemotherapy. She was 142 cm tall and weighed 37 kg. Her
past medical history was notable for scoliosis, congenital
dwarfism, lumbar degenerative disc disease, and hyperten-
sion. The patient had severe dextrorotatory thoracic scoliosis
with a Cobb angle of 608 (Fig. 1) and a compensatory laevorota-
tory lumbar curve of 408 (Fig. 2). However, she had preserved
pulmonary function without evidence of restriction or obstruc-
tion, and her coagulation studies were normal. A preoperative
epidural was planned to facilitate extubation and manage
postoperative pain.

Computed tomograms of the lumbar spine, which were per-
formed for the patient’s surgical workup, were reviewed. It was
noted that the L1–2 interspace could be easily penetrated by
starting 1.5 cm left of the spinous process (convex-side of
curve) and proceeding to a depth of �4 cm from the skin
using a paramedian approach (Fig. 3). The patient was placed
in a sitting position, and the spinous process was identified
by palpation, counting from the intercristal line. An 18 gauge
Tuohy needlewas placed with one needle pass in the suspected
L1–2 epidural space along the trajectory identified by CT, no
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paresthesias were elicited. Loss of resistance occurred at 4.5
cm. The epidural catheter was advanced 5 cm past the tip of
the needle and secured 9.5 cm at the skin. Administration of
a test dose (3 ml of 1.5% lidocaine with 1:200K epinephrine)
was negative for intravascular and intrathecal injection.

The patient was taken to the operating room where her sur-
gical procedure was performed without complication. At the
conclusion of the case, fluoroscopy was done with Omnipaque
contrast dye, which revealed correct placement of the catheter

at the L1–2 epidural space. More of the dye distributed to the
left than the right, and clinically the patient’s block was
greater on the left than the right. However, the patient had ex-
cellent pain control while the epidural catheter was in place.
The catheter was discontinued on postoperative day three
without sequelae.

After the catheter was removed, an ultrasound examination
was performed. A portable ultrasound machine (MicroMaxx,
SonoSite, Bothell, WA, USA) and a 2–5 MHz curved array
probe (C60, SonoSite, Bothell, WA, USA) was used for the
evaluation. Longitudinal paramedian and transverse views of
the L1–2 interspace were obtained. The ultrasound images
displayed anatomy that was consistent with the computed
tomograms, including the rotation of the vertebral body and
the depth of the epidural space (Fig. 4).
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Fig 2 Coronal computed tomogram demonstrating a compensa-
tory lumbar curve with a Cobb angle of 408.
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Fig 3 Transverse computed tomogram demonstrating L2 vertebral
body rotation and pathway for paramedian approach to the epi-
dural space.
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Fig 1 Chest radiograph demonstrating dextrorotatory thoracic
scoliosis with a Cobb angle of 608.
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Fig 4 Transverse ultrasound image depicting anatomy consistent
with the transverse computed tomogram. LF-D, ligamentum
flavum-dura mater complex; PVB, posterior vertebral body.
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Three years later, the patient presented for a left total
hip arthroplasty after being diagnosed with left hip avascular
necrosis, and femoral neck and acetabular fractures secondary
to radiation necrosis. The patient’s scoliosis had progressed,
with the thoracic curve Cobb angle measuring 728. She was
taken to the operating room where only an ultrasound
machine was utilized to facilitate placement of a spinal at
the L3–4 level. Using a 22G Quincke needle, two passes of
the needle were needed to enter the spinal space using a
convex-side paramedian approach, no paresthesias were eli-
cited. Free flow of cerebrospinal fluid was observed at the
needle hub and 3 ml of isobaric 0.5% bupivacaine was injected.
The spinal anaesthetic was adequate for the surgery, with sed-
ation provided by a propofol infusion. There were no post-
operative complications.

Discussion
The scoliotic spine poses a unique challenge for the anaesthe-
sia provider, and maycomplicategeneral or regional anaesthe-
sia. Scoliosis is broadly classified into three categories:
congenital, neuromuscular, or idiopathic. Scoliosis is defined
as lateral curvature of the spine of .108. The degree of
lateral curvature is determined by the Cobb angle.2 The Cobb
angle is measured between the most tilted vertebral bodies
in the coronal plane. A line is drawn parallel to the superior
end plate of the cephalad vertebrae with the greatest angula-
tion. A second line is drawn parallel to the inferior end plate of
the caudal vertebrae with the greatest angulation. A perpen-
dicular line is drawn from each of these lines, which creates
the Cobb angle (Fig. 1). In addition to the lateral curvature in
idiopathic scoliosis, there is also rotation of the vertebral
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Fig 5 Algorithm to guide neuraxial techniques in scoliotic patients.
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bodies. Anatomically, the spinous processes point towards the
midline (concave-side) and the vertebral bodies rotate towards
the convex-side of the curve.3 A strong linear relationship exists
between the Cobb angle and vertebral rotation in both thoracic
and lumbar curves in untreated patients, and maximum rota-
tion occurs at the apex of the scoliotic curve.4

Difficulty in performing neuraxial anaesthesia may result in
neural injury, spinal haematoma, post-dural puncture head-
ache, or infection.5 – 8 In addition, it may decrease procedure
efficiency and increase patient discomfort and dissatisfaction.
It also has been shown that anatomic deformity is an inde-
pendent predictor of difficulty in performing neuraxial anaes-
thesia.9 – 12 Utilizing ultrasound in patient populations at high
risk for difficult placement may improve the success rate.13

The bonyanatomy of the vertebral spine makes it more difficult
to visualize structures in this region; however, even ultrasound
can provide enough anatomic detail to ascertain the location,
depth, and angle needed to successfully place a spinal or epi-
dural catheter.1 14

The following is an algorithmic approach to providing safe
neuraxial anaesthesia procedures in the scoliotic patient
(Fig. 5). First, the provider should determine the type and sever-
ity of the scoliosis from the patient’s history, physical examin-
ation and any prior radiologic studies. Patients that have
neuromuscular or congenital scoliosis have to be evaluated
carefully. In the case of neuromuscular scoliosis, the curves
may be so complicated that placement is unsafe. Congenital
scoliosis occurs when one or more vertebral components (ver-
tebral bodies, pedicles, or laminae) are missing or maldeve-
loped.15 This could increase the risk of injury to neural
structures. If the anatomy is straightforward and well under-
stood in congenital or neuromuscular scoliosis, then the pro-
vider could cautiously proceed, but often these are complex
scoliotic curves and consideration should be given to using a
different technique for placement or pain management.
Almenrader placed epidural catheters under direct visualiza-
tion at the end of reconstructive, non-idiopathic scoliosis
surgery.16

Idiopathic scoliosis is classified as nonstructural or struc-
tural. If the scoliosis can be corrected by positioning (non-
structural scoliosis) or if the anatomy is well-defined, then
the provider should proceed with the neuraxial procedure, util-
izing good positioning, and caution. Structural scoliosis is a
rigid curve, which cannot be modified significantly by postural
manoeuvres. Surgical therapy for structural scoliosis is based
on the severity of the curve and probability that the curve will
progress.2 Mild scoliosis (11–258) is observed, moderate scoli-
osis (25–508) with likely progression in the skeletally immature
is braced, and severe scoliosis (.508) is treated with surgery.
Based on these same parameters which indicate increasing
complexity of scoliosis, we make the following recommenda-
tions. For mild scoliosis, the provider should proceed with the
neuraxial procedure using good patient positioning and
caution. In moderate scoliosis, the provider should consider
imaging modalities such as ultrasound or fluoroscopy. As the
vertebral body rotates towards the convex-side of the scoliotic
curve, a direct path to the neuraxial spaces occurs on the

convex-side when using a paramedian approach. Therefore,
if the spinous process is palpable or can be identified with a
needle, then a paramedian approach could be attempted on
the convex-side of the curve.17 18 If a midline approach is
used, the spinal needle should be angled in the transverse
(axial) plane towards the convex-side of the curve.19 In
patients that have scoliotic curves with a Cobb angle .508
and unclear anatomy, imaging modalities should be used for
neuraxial access or a different mode of pain management
should be considered. As ultrasound does not use ionizing radi-
ation and is more portable, it would be the first choice for an
imaging modality. If visualization is not adequate with ultra-
sound, then fluoroscopycould be used. The firstauthor has suc-
cessfully used the algorithm in five additional scoliotic
patients. Further research and experience is needed to validate
this algorithm; however, it provides a systematic approach to
performing neuraxial anaesthesia in the scoliotic patient,
which may improve efficiency, success, and reduce injury.

Authors’ contributions
C.B.: data collection, algorithm design, manuscript prepar-
ation, and approved final manuscript. K.H.D.: data collection,
manuscript preparation, and approved final manuscript.
C.J.D.: manuscript preparation, and approved final manuscript.
J.M.C.: algorithm design, manuscript preparation, and
approved final manuscript.

Declaration of interest
None declared.

References
1 Carvalho JC. Ultrasound-facilitated epidurals and spinals in obste-

trics. Anesthesiol Clin 2008; 26: 145–58; vii–viii

2 Peelle MW, Luhmann SJ. Management of adolescent idiopathic
scoliosis. Neurosurg Clin N Am 2007; 18: 575–83

3 White AA, Panjabi MM. Clinical Biomechanics of the Spine, 2nd Edn.
Philadelphia: Lippincott, 1990

4 Suzuki S, Yamamuro T, Shikata J, Shimizu K, Iida H. Ultrasound
measurement of vertebral rotation in idiopathic scoliosis. J Bone
Jt Surg Br 1989; 71: 252–5

5 Flaatten H, Berg CM, Brekke S, Holmaas G, Natvik C, Varughese K.
Effect of experience with spinal anaesthesia on the development
of post-dural puncture complications. Acta Anaesthesiol Scand
1999; 43: 37–41

6 Horlocker TT, McGregor DG, Matsushige DK, Schroeder DR, Besse JA.
A retrospective review of 4767 consecutive spinal anesthetics:
central nervous system complications. Perioperative Outcomes
Group. Anesth Analg 1997; 84: 578–84

7 Horlocker TT, Wedel DJ. Infectious complications of regional anes-
thesia. Best Pract Res Clin Anaesthesiol 2008; 22: 451–75

8 Auroy Y, Benhamou D, Bargues L, et al. Major complications of re-
gional anesthesia in France: the SOS regional anesthesia hotline
service. Anesthesiology 2002; 97: 1274–80

9 Atallah MM, Demian AD, Shorrab AA. Development of a difficulty
score for spinal anaesthesia. Br J Anaesth 2004; 92: 354–60

10 Chien I, Lu IC, Wang FY, Soo LY, Yu KL, Tang CS. Spinal process
landmark as a predicting factor for difficult epidural block: a

BJA Bowens et al.

810

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/111/5/807/320240 by guest on 10 April 2024



prospective study in Taiwanese patients. Kaohsiung J Med Sci 2003;
19: 563–8

11 de Filho GR, Gomes HP, da Fonseca MH, Hoffman JC, Pederneiras SG,
Garcia JH. Predictors of successful neuraxial block: a prospective
study. Eur J Anaesthesiol 2002; 19: 447–51

12 Sprung J, Bourke DL, Grass J, et al. Predicting the difficult neuraxial
block: a prospective study. Anesth Analg 1999; 89: 384–9

13 Chin KJ, Perlas A, Chan V, Brown-Shreves D, Koshkin A, Vaishnav V.
Ultrasound imaging facilitates spinal anesthesia in adults with
difficult surface anatomic landmarks. Anesthesiology 2011; 115:
94–101

14 Chin KJ, Perlas A, Singh M, et al. An ultrasound-assisted approach
facilitates spinal anesthesia for total joint arthroplasty. Can J
Anaesth 2009; 56: 643–50

15 Jaskwhich D, Ali RM, Patel TC, Green DW. Congenital scoliosis. Curr
Opin Pediatr 2000; 12: 61–6

16 Almenrader N, Patel D. Spinal fusion surgery in children with non-
idiopathic scoliosis: is there a need for routine postoperative venti-
lation? Br J Anaesth 2006; 97: 851–7

17 Boon JM, Prinsloo E, Raath RP. A paramedian approach for epidural
block: an anatomic and radiologic description. Reg Anesth Pain Med
2003; 28: 221–7

18 Huang J. Paramedian approach for neuroaxial anesthesia in par-
turients with scoliosis. Anesth Analg 2010; 111: 821–2; author
reply 2

19 Ko JY, Leffert LR. Clinical implications of neuraxial anesthesia in the
parturient with scoliosis. Anesth Analg 2009; 109: 1930–4

Handling editor: R. P. Mahajan

Neuraxial anaesthesia in scoliosis BJA

811

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/111/5/807/320240 by guest on 10 April 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


