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Many anaesthetists consider neurological disorders of all
kinds as a contraindication for regional anaesthesia parti-
cularly for neuraxial techniques. This hesitation is partly
rooted in fears of medicolegal problems but also in the
heterogeneous literature. Therefore, the present topical
review is an attempt to describe the feasibility and the
risks of neuraxial techniques in patients with spinal injury,
anatomical compromise, chronic back pain or previous
spinal interventions, ranging from ‘minor ’ types like epi-
dural blood patches to major surgery such as Harrington
fusions. Most reviews and case reports were describing
experiences in obstetrics as these patients are more likely
to insist on neuraxial blocks. In the acute phase of new
neurologic injury, general anaesthesia may be the techni-
que of choice to prevent further haemodynamic and re-
spiratory deterioration. After the acute phase, current
evidence is mostly reassuring with respect to the risks of
neuraxial blocks as they may even be recommendable in

some conditions. Ultrasound technology may be of addi-
tional help to increase the success rate. A careful pre-
operative examination remains mandatory, while patients
should be sufficiently informed about technical aspects
and possible relapses or progression of their disease. When
necessary, patients should have additional technical and
clinical examinations as close as possible to surgery to
establish the actual pre-operative status. Most patients
may benefit more from spinal techniques rather than
from less reliable epidural ones. High concentrations and
volumes of local anaesthetics should be avoided at all
times, especially in patients with nerve compression, large
disc herniation or spinal stenosis.
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THERE is a growing concern that neuraxial anaes-
thetic techniques may lead to post-operative

neurological deficit or to an exacerbation of pre-
existing neurological disorders. However, the caus-
ality of such post-operative deficits is not always
easy to determine. Often, regional anaesthesia is all
too easily blamed.

Many colleagues, mainly because of litigation
issues, are reluctant to consider a neuraxial techni-
que when there may exist whatever kind of neu-
rological problem before surgery or delivery. On
the other hand, not infrequently, regional anaes-
thesia may be beneficial such as in the case of
respiratory involvement or in obstetric patients.
As it is not always feasible to perform controlled
studies comparing general and regional techni-
ques, recommendations are difficult to make and

mostly inspired by anecdotal reports and studies
with a limited sample size.

Several reviews have been published during
recent years on anaesthetic management of patients
suffering a neurological disease.1,2 The present
topical review will focus on anaesthetic considera-
tions rather than recommendations as regards
neuraxial anaesthesia in patients with pre-existing
back problems and conditions after spinal injury or
different types of spinal interventions. Mostly,
experiences in obstetric patients are reported be-
cause the demand for regional anaesthesia and
analgesia is more prominent as it is commonly
accepted to be safer than general anaesthesia or
systemic analgesia. For non-obstetrical surgery,
general anaesthesia may be an equally valuable
alternative in terms of safety and morbidity.
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Vertebral column abnormalities

• Examples 

• Neuraxial anaesthesia 

• Malfusion (spina bifida) 

• Trauma 

• Scoliosis





CASE REPORT

Foot drop after spinal anesthesia in a patient
with a low-lying cord

F. U. Ahmad, P. Pandey, B. S. Sharma, A. Garg
Departments of Neurosurgery and Neuroradiology, Neurosciences Centre, All India Institute of Medical Sciences,
New Delhi, India

SUMMARY. Damage to the spinal cord/conus medullaris due to incorrect identification of the lumbar space is a
known complication of lumbar puncture. However, damage to a low-lying cord using an appropriate interspace is
extremely rare. We describe a 26-year-old woman who underwent emergency caesarean section under spinal anes-
thesia. She developed right foot drop immediately after surgery, which gradually recovered over the next 10 months.
Magnetic resonance imaging revealed a low lying cord with a fatty filum terminale and intramedullary T2 hyperin-
tensity, suggestive of needle damage.
! 2005 Elsevier Ltd. All rights reserved.

INTRODUCTION

Damage to the spinal cord or its tip, the conus medul-
laris, due to incorrect identification of the lumbar space
is a known complication of spinal anesthesia.1–4 Fortu-
nately, severe or disabling complications are rare.5,6

Incorrect identification of the lumbar interspace is
known to occur even with experienced anesthetists.7,8

Also, there is some variation in the normal anatomical
position of the conus.9 Intuitively, the risk of direct dam-
age to the cord might be expected to be greater in pa-
tients with a low-lying cord, even with correct
identification of the lumbar space. To the authors!
knowledge, only one similar case has been reported in
English literature.10

CASE REPORT

A 26-year-old female underwent elective caesarean sec-
tion. Spinal anesthesia was given using a 22-gauge

spinal Quincke needle and 1.2 mL of 0.5% bupivacaine
in the left lateral position. The patient was thin and had
obvious surface landmarks. The needle was inserted at
L3-4 (estimated from the intercristal line) into the spinal
canal on first attempt. She did not experience any leg
pain or paraesthesia during insertion of needle, there
was no resistance to injection and surgery was unevent-
ful. After the operation she discovered that she was un-
able to move her right ankle. She presented to us one
month after caesarean section with right foot drop and
some numbness in the right lateral aspect of her ankle.
There were no urinary or bowel complaints. Neurologi-
cal examination revealed hypotonia and motor power
grade 1/5 in the dorsiflexors of right ankle. The tone
and power in other muscle groups in the right lower limb
and other limbs was normal. She walked with a high
stepping gait, and had hypoaesthesia in the right L5 der-
matome. The deep tendon reflex was absent in the right
ankle; the rest were normal.

Magnetic resonance imaging (MRI) revealed a low
lying spinal cord with its tip at L4 and a fatty filum ter-
minale (bright signal on T1-weighted image) (Fig. 1a)
tethered to a CSF-isointense intradural cyst at S3 level
(Fig. 1a, b). The spinal cord between L1 and L3 showed
a linear intramedullary hyperintensity in T2-weighted
image (Fig. 1b). MR myelogram revealed a longitudinal
syrinx within the lower spinal cord at the level of L1 to
L3 vertebrae (Fig. 2). Over the next six months there
was significant spontaneous motor recovery to grade
4/5 in her right ankle.

International Journal of Obstetric Anesthesia (2006) 15, 233–236
! 2005 Elsevier Ltd. All rights reserved.
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DISCUSSION

With the introduction of atraumatic needles and the use
of better anesthetic solutions, spinal anesthesia has be-
come the most popular form of anesthesia for cesarean
section.11 Several potentially devastating neurological
complications can occur following spinal and epidural
anesthesia, including spinal cord or nerve root injury
from direct needle puncture, local anesthetic toxicity,
spinal epidural or subdural hematoma, epidural abscess,
bacterial or aseptic meningitis and anterior spinal artery
syndrome. Fortunately, the incidence of such complica-
tions is rare. In the largest prospective study, Auroy
et al. 5 noted the total incidence of neurological sequelae
to be 6 in10 000 spinal anesthestics, with permanent def-
icits occurring in <1:10 000. Aromaa et al.6 reported a
complication rate after epidural anesthesia of 0.35 in
10 000 and after spinal anesthesia to be 0.42 in 10000.

There have been several reports of spinal cord dam-
age after spinal anesthesia.1–4,12,13 Reynolds presented
seven cases of conus medullaris damage following
spinal anesthesia, collected over an eight-year period
through medico-legal work from different parts of the

UK.1 All patients were women, six obstetric and one
surgical. All women experienced pain while inserting
the needle, which was usually believed to be inserted
at L2-3. Unilateral sensory loss persisted in all, six
had foot drop and three had urinary symptoms. MRI
showed a spinal cord of normal length in all, while six
patients had a syrinx in the conus. She recommended
that utmost care be taken in identifying the interspaces
and that anesthetists need to relearn the rule that a spinal
needle should never be inserted above L3.

Hamandi et al.4 reported five patients with damage to
the distal spinal cord following spinal anesthesia. The
patients developed leg weakness and sensory distur-
bances. MRI showed an abnormal area of high signal
within the conus medullaris in all patients. Wegner
et al.10 described an adult patient in whom previously
undiagnosed diastematomyelia, a low conus and teth-
ered cord were diagnosed only when neurological symp-
toms followed spinal anesthesia.

Though many anesthetists are confident that they can
identify lumbar interspaces accurately, in a study with
humbling results, Broadbent et al.7 found that when a
group of experienced anesthetists believed that they

Fig. 1 Sagittal T1-weighted (a) and T2-weighted (b) lumbosacral MRI show low lying spinal cord at L4 level. The filum is thick and fatty (white
arrow in figure 1a) and is attached to a CSF-isointense intradural cyst at S3 level (black arrow in Fig. 1a and b). The spinal cord showed increased
signal between L1 to L3 level on T2 (white arrow in Fig. b).
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Spina bifida, tethered cord and regional 
anaesthesia

• 25 weeks gestation, vaginal bleeding  
premature rupture of membranes 

• Spina bifida occulta 

• Bladder surgery @ age 4 

• self-catheterised 

• Regional anaesthesia considered possible (other hospital)

Anaesthesia.2005;60(11):1149–50. 



Tethered cord

to carry out regional anaesthetic tech-
niques.

Spinal bifida occulta is present in up to
20% of the general population [4] and is
thought to be a normal variant. In its true
form it involves failure of fusion of only
one arch, there is no external lesion and
spinal cord and nerves are normal. It is
often picked up as an incidental radio-
logical finding. In these cases spinal or
epidural techniques are usually uncom-
plicated and it is recommended that the
block should be performed above the
level of the lesion [5]. However, in a
patient with spina bifida occulta the
possibility of spinal dysraphism should
always be kept in mind. Patients with
neurological abnormalities, cutaneous
manifestations or involvement of more
than one lamina may have a tethered
cord and it is incumbent upon the
anaesthetist to understand fully the ter-
minology and extent of the defect before
performing neuraxial anaesthesia [6].

L. Ali
G. M. Stocks

Queen Charlotte’s & Chelsea Hospital
London, UK
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Interpleural anaesthesia for
mastectomy

An 83-year-old lady with a complex
medical history presented for a left-
sided mastectomy for invasive adeno-
carcinoma. She had severe chronic
obstructive pulmonary disease, paroxys-
mal atrial fibrillation, and ischaemic
heart disease and orthopnoea. She had

a maximum exercise tolerance of 50
yards on the flat and was on supple-
mental home oxygen. On examination,
she was short of breath on minimal
exertion, with a respiratory rate of 32
breaths per minute, a peripheral blood
oxygen saturation of 90% on air, fine
bibasal crepitations, and a scattered
wheeze. In view of her poor cardio-
respiratory function, but in light of
potentially curative surgery and after a
lengthy discussion with the patient, her
daughter and the surgeon, we decided
to perform the procedure under an
interpleural block with sedation.

Full monitoring and intravenous
access were established, and the patient
was positioned in the right lateral posi-
tion. The sixth rib was identified, and
5 ml lidocaine 2% was infiltrated into
the skin, subcutaneous tissues and down
to the periosteum. A 19 G Tuohy
needle, attached to a continuous infu-
sion of normal saline for detection of
loss of resistance [1], was introduced at
the angle of the rib and walked off the
upper border until loss of resistance was
achieved. A reinforced epidural catheter
was then inserted with ease, and secured
with the tip 13 cm from the skin. The
patient was maintained in the right
lateral position, and 20 ml bupivacaine
0.25% with 1 : 200 000 epinephrine
was injected through the catheter.
Surgery commenced 20 min later, with
the patient placed semi-recumbent.
During the procedure, the regional
block was supplemented with ketamine
30 mg, midazolam 0.4 mg, and alfent-
anil 0.1 mg, and oxygen at 2 l.min)1.

A further 10 ml bupivacaine 0.25%
with 1 : 200 000 epinephrine was
required in recovery, and an infusion
of bupivacaine 0.25% was commenced
at 5 ml.h)1 for postoperative analgesia
for 48 h. The patient also received
paracetamol. A chest X-ray taken in
recovery demonstrated satisfactory posi-
tioning of the intrapleural catheter,
without evidence of a pneumothorax.
The patient was discharged on the
third postoperative day following an
uneventful recovery.

Interpleural regional analgesia is a
well established method of providing
both intra- and postoperative pain relief
for breast surgery [2], open cholecys-

Figure 3 MRI scan showing tethered cord (arrowed).

Correspondence Anaesthesia, 2005, 60, pages 1144–1155
......................................................................................................................................................................................................................

1150 ! 2005 Blackwell Publishing Ltd

«…spontaneous vaginal 
delivery a few hours 

later…»

Anaesthesia.2005;60(11):1149–50. 



«…Although the patient told us that she had spina 
bifida occulta, in fact she probably had occult 

spinal dysraphism. Confusingly, the terms spinal 
bifida occulta and occult spinal dysraphism are 

often used interchangeably, but spinal dysraphism 
is not a benign entity like spina bifida occulta…» 

Anaesthesia.2005;60(11):1149–50. 
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Accidental conus medullaris injury following combined epidural 
and spinal anesthesia in a pregnant woman with unknown 
tethered cord syndrome 
 
XUE Ji-xiu, LI Bing and LAN Fei  
 
Keywords: anesthesia, epidural; anesthesia, spinal; tethered cord syndrome; conus medullaris 
 

n most adults, the conus medullaris ends at around the 
inferior margin of the first lumbar (L1) vertebral body.1 

However, location of terminus of the conus medullaris is 
variable and even extends more distally in patients with 
diseases such as tethered cord syndrome (TCS). Here, we 
reported a conus medullaris injury following combined 
spinal and epidural anesthesia (CSEA) in a pregnant 
woman with unknown TCS.  
 
A 25-year-old female with full term pregnancy was 
admitted to hospital for Caesarean section under CSEA. 
She had no relevant medical history and each 
preoperative assessment was normal. The patient was 
placed in the right knee-chest posture and epidural 
puncture was performed at the level of L2-3. When a 
spinal needle was attempted to insert into the 
subarachnoid space, she complained of pain reflected to 
in the left lower extremity. The epidural needle was 
immediately pulled back, redirected, and reinserted. 
When the spinal needle was again inserted in, the patient 
felt no pain. Then, 1.2 ml of 0.5% bupivacaine was 
injected, the spinal needle was removed and an epidural 
catheter was inserted for the patient-controlled epidural 
analgesia after operation. The surgery was successfully 
completed.  
 
The patient felt numbness bilaterally in the lower 
extremities and was sensitive to a pinprick after removal 
of the epidural catheter on the third day after surgery. The 
numbness was aggravated by ambulation. Also, bilateral 
weakness below the knee joints was noted. It was showed 
that there was no abnormality by physical examination, 
and no abnormal findings existed in either the faeces or 
urine. The strength of the bilateral tiblialis anterior 
muscles was grade 3, knee reflexes and ankle reflexes 
were decreased bilaterally, and the bilateral Babinski sign 
was negative. Algesia in the regions innervated by L3 to 
S1 nerve roots was noted. Sagittal images of a 
thoracolumbar MRI showed the end of the conus 
medullaris was located at the upper one-third of the 
vertebral body of L4. The conus medullaris was relatively 
thin compared to the normal (Figure 1) and local signals 
at the level of L2-3 in the T2 weighted images was high 
(Figure 1A), suggesting the conus medullaris oedema by 
the injury. Based on these findings, the patient was  

  
Figure 1. Sagittal images of a thoracolumbar MRI showed the 
end of the conus medullaris was located at the upper one-third of 
the vertebral body of L4. A: The T2-weighted images. The white 
arrow indicates that the end of the conus medullaris is located at 
the upper one-third of the L4 vertebral body. The red arrow 
indicates the local high signals at the L2-3 level. The yellow 
arrow indicates the Schmorl's nodes of the L4 vertebral body. 
The conus medullaris was relatively thin compared to normal 
patients. B: The T2-weighted images of the normal spinal cord. 
The white arrow indicates that the position of the conus 
medullaris is normal, i.e., the end of the conus medullaris is 
located at the lower one-third of the L1 vertebral body. 

 
diagnosed with a lowly located spinal cord, TCS, and 
oedematous injury of the conus medullaris. Because the 
injury was mild and self-resolution was considered a 
viable possibility, no specific treatment was considered 
after the consultation with neurosurgeons. By the 45th 
day following discharge from hospital, both the motor 
and sensory function had gradually recovered. 
 
The patients with TCS typically present symptoms 
affecting the lumbosacral area and sensory abnormalities 
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Vertebral column abnormalities

• Anatomical difficulties 

• Mechanical difficulties 

• Injury to the conus medullaris 

• Injury to the caudal equina



Vertebral column abnormalities

• Scoliosis 

• Malfusion 

• Trauma



Malfusion

http://www.amerra.com/fetal-spina-bifida-patient-education/

Fetal Spina bifida education



Spina bifida

• Spina bifida occulta 

• Spina bifida cystica 

• Occult spinal dysraphism



Spina bifida occulta



Spina bifida cystica

cerebrospinalfluid(CSF)fromthesacandwithin24to72hoursinthe
absenceofaleak.1Closureusuallyinvolvesadecompressivelaminectomy
withduralopeninguntilnormalspinalcordisidentified.Theduraisthen
graftedwitheithernativeperiosteumorasyntheticsubstance.8Inaddition,
itisimportanttoalsoevaluateotherbodysystems,namelythecardiac,
gastrointestinal,musculoskeletal,andgenitourinarysystems,because
thesearecommonlyaffectedwhenthisdefectispresent.Althoughonly
15%ofbabieswithmyelomeningoceleswilldisplaysignsofhydrocephalus
atthetimeofbirth,approximately90%ofthemwillsubsequentlydevelop
it,makingitnecessarytoundergoCSFshuntproceduressuchasaVP
shunt.1Theseproceduresoftenrequirerevisionsthroughoutthecourseof
lifeatanaverageincidenceof0.44revisionsperyear.9Alternatively,early
antenataldiagnosisofmyelomeningoceleisnowpossiblewithsubsequent
intrauterinesurgicalclosure.Theresultsofsuchsurgicalinterventionhave
beenmixedwithalowerincidenceofsubsequentCSFshuntdependence

Figure4.Meningocele/myelomeningocelediagram.
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Int Anesthesiol Clin. 2005;43(4):65–80. 



Spina bifida cystica
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occult spinal dysraphism



Spinal dysraphism

• Skin abnormalities (midline) 

• Tethered cord in 35-85 %

Arch Gynecol Obstet. 2007;275(1):53–6. 
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Objectives After completing this article, readers should be able to:

1. Explain the difference between open and closed neural tube defects.
2. Describe the characteristics of spinal skin dimples that warrant further evaluation.
3. Describe the characteristics of spinal skin dimples that do not warrant further

evaluation.
4. Discuss the evaluation of spinal skin dimples and name the findings that suggest

occult spinal dysraphism.
5. Discuss the neurosurgical treatment of occult spinal dysraphism.
6. Explain the natural history and clinical manifestations of occult spinal dysraphism.

Definitions
Neural tube defects are among the most common forms of birth defect, affecting 1 in every
1,000 pregnancies. (1)(2) These defects, which result from abnormal fusion of the neural
tube during embryonic development, are placed into two broad categories: open and
closed. Open neural tube defects are lesions in which brain, spinal cord, or spinal nerves are
exposed through obvious defects of the meninges and skull or vertebral column. Examples
are anencephaly, myelomeningocele, and meningocele. Closed neural tube defects are
skin-covered lesions under which the nervous system structures have not formed normally.
These include split cord malformation, dermal sinus tract, tethered spinal cord, and
intraspinal lipoma (Table).

Spina bifida is an imprecise term often used to describe a variety of congenital spinal
anomalies that range in consequence from insignificant to severe. Spina bifida occulta
(SBO) is a radiographic finding that describes incomplete osseous fusion of the posterior
elements. It may occur in conjunction with a cutaneous abnormality but is clinically benign
and is considered a normal variant. (3) Occult spinal dysraphisms (OSDs) are much less
common than SBO and encompass a variety of skin-covered neural tube defects. Because
the neural structures are affected, however, neurologic impairment is common. Most
forms of OSD have an associated overlying cutaneous abnormality.

Most open neural tube defects are diagnosed prenatally with ultrasonography and
serum marker concentrations. Those defects not identified before delivery are apparent at
birth. An OSD, on the other hand, is less obvious and may not be diagnosed until later in
life, despite its presence at birth. The occult nature can be problematic because the clinical
impairments associated with closed neural tube defects, which include paresis, spasticity,
sensory disturbance, orthopedic deformity or contracture, and bowel and bladder dysfunc-
tion, often progress insidiously over time.

Diagnosis
More than 50% of OSDs are diagnosed when a dimple (Fig. 1) is noted in the lower
spine/sacral region. Although the natural history of OSD is not fully understood, early
diagnosis and intervention are believed to improve outcome in almost all cases. (4) Hence,
the recognition of a suspicious skin dimple and identification of underlying anomalies with
prompt radiographic evaluation and neurosurgical referral is crucial. However, not all
dimples are associated with an OSD. Distinguishing between cutaneous stigmata associ-
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ated with OSD and innocent skin dimples can be difficult
and may lead to costly and unnecessary tests or referrals.
(5) Therefore, the focus of this review is to provide
information on how to identify skin dimples that require
further evaluation, what method of evaluation should be
used, and when to refer to a specialist.

Most cutaneous stigmata associated with OSD are
found in the midline overlying the spinal lesion. A find-
ing of hypertrichosis, capillary hemangioma, atretic me-
ningocele, subcutaneous mass (eg, lipoma), or a caudal
appendage (Fig. 2) requires further investigation. Glu-
teal cleft anomalies other than dimples also have a weak

association with milder forms of OSD and warrant fur-
ther evaluation. Therefore, a deviated or duplicated
(“split”) gluteal cleft (Fig. 3) should raise concern for
OSD, whether or not a dimple is present. The manage-
ment of a “dimple” alone, however, demands greater
diagnostic acumen because some dimples over the spine
represent dermal sinus tracts, although most do not.
Dermal sinus tracts are not classified as open neural tube
defects because characteristically they do not feature
overt meningeal, osseous, and cutaneous defects (despite
potential communication between the skin and nervous
elements). These skin-covered lesions are marked simi-
larly to other OSDs with overlying dimples or other
cutaneous stigmata. (6)

Clinical findings do not predict with certainty which
dimples are associated with OSD. However, the follow-
ing criteria have been found to differentiate best between
dimples that require further evaluation and those that
require only routine follow-up evaluation: multiple dim-
ples, dimple diameter larger than 5 mm, location greater
than 2.5 cm above the anal verge, and association of the
dimple with other cutaneous markers. Review of the
literature shows that 2% to 4% of all children have a
dimple identified in the sacrococcygeal region, but only
seven cases have ever been found to be associated with an
OSD. (7) For those patients in whom a coccygeal dimple
was found in conjunction with an OSD, most had more
than one dimple. Notably, the second dimple often was
found more rostrally along the spine (ie, cervical, tho-
racic, or lumbar). Hence, clinical examination should
seek to identify dimple location and the number present.

Table. Definitions
Open Neural Tube Defects

Anencephaly An exposed rudimentary brainstem due to failed closure of the
cephalic portion of the neural tube.

Myelomeningocele Herniation of the spinal cord through an unfused portion of
the spinal column.

Meningocele Protrusion of the meninges through a spinal column opening.
Closed Neural Tube Defects

Split Cord Malformation Diastematomyelia Division of the spinal cord into two parts that are usually
separated by bone or cartilage.

Dermal Sinus Tract!Inclusion Tumor Incomplete dysjunction (separation of the cutaneous ectoderm
and neuroectoderm), resulting in an epithelial-lined tract
that terminates in neural structures.

Tethered Spinal Cord Abnormal attachment of the lower end of the spinal cord to
surrounding structures.

Lipomyelomeningocele or Spinal Cord Lipoma Premature dysjunction allows mesodermal infiltration between
cutaneous ectoderm and neuroectoderm, resulting in a
tethered spinal cord attached to a benign fatty tumor in the
back.

Figure 1. Solitary dimple whose location greater than 2.5 mm
above the anus indicated the need for further evaluation,
which revealed an occult spinal dysraphism requiring neuro-
surgical intervention.
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ORIGINAL ARTICLE

Spinal anaesthesia for caesarean section: an ultrasound
comparison of two different landmark techniques

K. Kallidaikurichi Srinivasan, M. Deighan, L. Crowley, K. McKeating
Department of Anaesthesia, National Maternity Hospital, Dublin, Ireland

ABSTRACT
Background: Spinal anaesthesia performed at levels higher than the L3–4 intervertebral space may result in spinal cord injury. Our
aim was to establish a protocol to reduce the chance of spinal anaesthesia performed at or above L2–3.
Methods: One hundred and ten consenting patients at 32 weeks of gestation or greater scheduled for non-emergency caesarean
section under spinal anaesthesia were randomly allocated to have needle insertion performed at an intervertebral space determined
by one of two landmark techniques. In Group A, if the intercristal line intersected an intervertebral space, this space was selected
or if the intercristal line intersected a spinous process the space immediately above was selected. In Group B, if the intercristal line
intersected an intervertebral space or a spinous process, the intervertebral space immediately below was chosen. The actual inter-
vertebral space chosen was identified using ultrasound by a blinded investigator.
Results: In Group A, an intervertebral space at or above L2–3 was marked in 25 (45.5%) patients compared with 4 (7.3%) in
Group B (P <0.001). In 5/55 (9.1%) patients in Group A, the intervertebral space initially chosen was L1–2 whereas this occurred
in no patient in Group B. There was no difference between groups in number of needle passes or attempts, onset of block at 5, 10
and 15 min or need for rescue analgesia.
Conclusion: Our data suggest that when performing spinal anaesthesia in pregnant patients, if the intercristal line intersects an
intervertebral space then the space below should be chosen and if the intercristal line intersects a spinous process then the inter-
space below should be chosen. This will reduce the incidence of spinal anaesthesia performed at or above L2–3.

!c 2014 Elsevier Ltd. All rights reserved.

Keywords: Spinal anaesthesia; Intercristal line; Ultrasound

Introduction

Spinal anaesthesia is the commonest mode of anaesthe-
sia for caesarean section.1,2 Permanent neurological
complications following spinal anaesthesia, although
rare, can have devastating consequences.3–8 Selecting
an appropriate intervertebral space is important to
avoid spinal cord damage during needle insertion.

The intercristal line is conventionally used to identify
the vertebral interspace used for spinal anaesthesia. This
may intersect the midline anywhere from L1–2 to
L4–5.9–15 There is considerable variation within
anatomy and anaesthesia textbooks regarding the level
at which the intercristal line crosses the midline.16–20

Currently, there is no consensus for selecting an inter-
vertebral space based on the intercristal line; selection
of an interspace at, above or below the intercristal line
is largely based on individual discretion. It has been
shown previously that experienced anaesthetists were

able to correctly identify the lumbar intervertebral space
in only 29% of patients.9 In the obstetric population,
32–48.5% of neuraxial blocks are performed at a more
cephalad level (as high as L1–2) than originally
intended.21,22 The importance of avoiding spinal anaes-
thesia at or above L2–3 cannot be overstated as, based
on previous studies on the level of termination of spinal
cord and considering the angle of insertion of the needle,
it is possible that a needle inserted at L2–3 might reach
the conus medullaris in 4–20% of occasions.7

Our aim was to develop an objective guide for selecting
the appropriate intervertebral space based on the pal-
pated intercristal line. The hypothesis was that by select-
ing an intervertebral space below the intercristal line,
the incidence of spinal anaesthesia performed at or above
L2–3 would be decreased without increasing the number
of attempts, number of passes or the failure rate.

Methods

Following approval by the Ethical Committee of
National Maternity Hospital, Dublin, Ireland, 110 preg-
nant patients with gestational age of 32 weeks or greater
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Table 6 Level at which spinal anaesthesia was performed 398 
 Group A 

(n=55) 
Group B 
(n=55) 

L2-3 22 (40.0%) 8 (14.5%) 

L3-4 30 (54.5%) 27 (49.1%) 

L4-5 3 (5.5%) 15 (27.3%) 

L5-S1 0 (0%) 5 (9.1%) 

Data are number (%) 399 
 400 
 401 
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/& # 0100A4P .; A0C $%!)5'!).,% ), 7")(" 5'#6$#% 7$#$
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«anaesthetists need to relearn the rule that a 
spinal needle should not be inserted above L3» 



Vertebral column abnormalities

• Scoliosis 

• Malfusion 

• Trauma
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Is spinal anaesthesia at L2–L3 interspace safe in disorders of
the vertebral column? A magnetic resonance imaging study
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Key points

† The authors have
described the impact of
spinal disorders on the
positioning of conus
medullaris terminus
(CMT).

† Magnetic resonance
image scans of 1047
Chinese patients were
reviewed retrospectively.

† A lower than normal
location of CMT was seen
in females, and in
patients with thoracic
vertebral compression.

† The risk of spinal cord
injury during spinal
anaesthesia at L2–L3
interspace is increased in
female patients with
thoracic vertebral
compression.

Background. The varying point at which the spinal cord terminates in the lumbar spinal
canal may affect the incidence of spinal cord injuries associated with needle insertion for
spinal anaesthesia, especially in patients with vertebral body or intervertebral disc
disease. This is a complication which has been frequently reported when spinal needle
insertion was performed at higher lumbar spinal levels.

Methods. We retrospectively reviewed magnetic resonance images of the spine in 1047
Chinese patients to determine the conus medullaris terminus (CMT) in patients with and
without vertebral disorders. Patients with tumours in and around the spine and those
with congenital spinal anomalies were excluded from the study. Patients with mixed
vertebral disorders were also excluded.

Results. Our data demonstrate that patients with thoracic vertebral compression fractures
had lower ending points of the CMT than those without (P,0.05), while patients with
lumbar compression fractures did not demonstrate such a correlation. With regard to this
difference, females were significantly at higher risk for a lower CMT than males.
Conversely, lumbar disc disorders such as intervertebral disc extrusion, herniation, or
bulging did not have any significant influence on the level of CMT. Moreover, patients
with spondylolisthesis or scoliosis did not demonstrate an abnormal CMT location.

Conclusions. When performing spinal anaesthesia, anaesthesiologists should be aware of
potential differences of the CMT location, particularly in female patients with thoracic
vertebral compression fractures, who may have a lower CMT than normal, extending to
the level of L2. Performing spinal anaesthesia at the L2–L3 interspace would seem to be
ill-advised in this patient population.

Keywords: conus medullaris; intervertebral disc disorder; spinal cord injury; subarachnoid
block; vertebral disease
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One of the major concerns during needle insertion for spinal
anaesthesia is the location of the conus medullaris terminus
(CMT). Anaesthesiologists remain aware that any manoeuvre
which places the spinal needle in contact with the spinal cord
may lead to serious neurological injury.1 – 6 This risk may be
increased when the CMT is at a lower than expected level
and the L2–L3 interspace is chosen as the needle entry
site. The CMT may be lower in disorders of the vertebral
column. The position of the CMT has been studied previously
in cadavers,7 but a possibly better evaluation of its true pos-
ition, and one which might translate into clinical practice
more readily, might be magnetic resonance imaging (MRI).
It is widely known that MRI is an extremely accurate and
practical way to evaluate the spinal cord, and a more accu-
rate method of determining the location of the CMT than

cadaveric examination.8 Several retrospective studies9 – 12

have investigated the influences of age, gender, and position
of the body on the CMT previously; however, the influence of
disorders of the vertebral bodies or intervertebral discs has
not been well investigated. Our aim in this study is to inves-
tigate the effects of these disorders on the CMT location,
especially with regard to the customary sites of needle inser-
tion during spinal anaesthesia.

Methods
With institutional Ethics Board approval, we retrospectively
studied MRIs of the spine of 1047 Chinese patients (444
males and 603 females), of age ranging from 10 to 79 yr,
in order to determine the location of CMT. These patients
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Compared with the disease-free cohort [mean CMT¼6.50
(1.85), corresponding to the M1/3 and L1/3 of L1], the pos-
ition of the CMT in lumbar disc disorders such as lumbar
intervertebral disc extrusion, herniation, and bulging was
not shown to be significantly different. Likewise, for patients
with spondylolisthesis, acquired degenerative scoliosis, and
lumbar vertebral compression fractures, no significant differ-
ence compared with the normal population was found. The
mean CMT position value in thoracic vertebral compression
fracture patients [7.5 (2.56), corresponding to the L1/3 of

L1 and the L1–L2 intervetebral disc], however, was signifi-
cantly different (t¼22.068, P,0.05) from that in the
disease-free cohort (Table 2 and Fig. 2). In anatomical
terms, thoracic vertebral compression fracture patients pre-
sented with lower positions of the CMT than normal patients
by approximately one-third of a vertebral body length.

On the basis of gender, some significant differences in the
location of the CMT also appeared for certain diseases.
Female patients with thoracic vertebral compression fractures,
lumbar intervertebral disc herniation, and disc bulging had
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Fig 2 T2-weighted sagittal MRI demonstrating a T12 vertebral compression fracture (left) and a T11 vertebral compression fracture (right), as
shown by the arrows.

Table 2 Frequency distribution and mean CMT of normal, vertebral disease, and disc disease cohorts. The Kolmogorov–Smirnov testing was
used for evaluating the age distribution; P.0.05 for the Kolmogorov–Smirnov test indicates a normal distribution. The t-test was used for
comparing each cohort with the normal population; P,0.05 indicates a significant difference

Number Frequency (%) Age CMT

Mean (SD) Kolmogorov–
Smirnov

P-value Mean (SD) t P-value

Normal 65 6.21 38 (9.7) 0.458 0.985 6.5 (1.85) — —

Intervertebral disc extrusion 31 2.96 48 (14.4) 0.685 0.736 7.0 (2.01) 21.180 0.241

Intervertebral disc herniation 130 12.42 54 (13.9) 0.747 0.632 6.6 (1.96) 20.161 0.872

Intervetebral disc bulging 643 61.41 56 (12.6) 1.354 0.051 6.8 (2.04) 21.355 0.175

Scoliosis 21 2.00 65 (15.2) 0.958 0.317 6.3 (2.37) 20.412 0.681

Spondylolisthesis 56 5.35 62 (11.4) 1.098 0.179 6.8 (1.77) 0.451 0.653

Thoracic vertebral compression fracture 33 3.15 58 (16.0) 0.733 0.656 7.5 (2.56) 22.068 0.044

Lumbar vertebral compression fracture 68 6.49 58 (15.9) 1.059 0.212 6.6 (2.20) 20.440 0.661

Total 1047 100 — — — — — —
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Background. The varying point at which the spinal cord terminates in the lumbar spinal
canal may affect the incidence of spinal cord injuries associated with needle insertion for
spinal anaesthesia, especially in patients with vertebral body or intervertebral disc
disease. This is a complication which has been frequently reported when spinal needle
insertion was performed at higher lumbar spinal levels.

Methods. We retrospectively reviewed magnetic resonance images of the spine in 1047
Chinese patients to determine the conus medullaris terminus (CMT) in patients with and
without vertebral disorders. Patients with tumours in and around the spine and those
with congenital spinal anomalies were excluded from the study. Patients with mixed
vertebral disorders were also excluded.

Results. Our data demonstrate that patients with thoracic vertebral compression fractures
had lower ending points of the CMT than those without (P,0.05), while patients with
lumbar compression fractures did not demonstrate such a correlation. With regard to this
difference, females were significantly at higher risk for a lower CMT than males.
Conversely, lumbar disc disorders such as intervertebral disc extrusion, herniation, or
bulging did not have any significant influence on the level of CMT. Moreover, patients
with spondylolisthesis or scoliosis did not demonstrate an abnormal CMT location.

Conclusions. When performing spinal anaesthesia, anaesthesiologists should be aware of
potential differences of the CMT location, particularly in female patients with thoracic
vertebral compression fractures, who may have a lower CMT than normal, extending to
the level of L2. Performing spinal anaesthesia at the L2–L3 interspace would seem to be
ill-advised in this patient population.
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block; vertebral disease
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One of the major concerns during needle insertion for spinal
anaesthesia is the location of the conus medullaris terminus
(CMT). Anaesthesiologists remain aware that any manoeuvre
which places the spinal needle in contact with the spinal cord
may lead to serious neurological injury.1 – 6 This risk may be
increased when the CMT is at a lower than expected level
and the L2–L3 interspace is chosen as the needle entry
site. The CMT may be lower in disorders of the vertebral
column. The position of the CMT has been studied previously
in cadavers,7 but a possibly better evaluation of its true pos-
ition, and one which might translate into clinical practice
more readily, might be magnetic resonance imaging (MRI).
It is widely known that MRI is an extremely accurate and
practical way to evaluate the spinal cord, and a more accu-
rate method of determining the location of the CMT than

cadaveric examination.8 Several retrospective studies9 – 12

have investigated the influences of age, gender, and position
of the body on the CMT previously; however, the influence of
disorders of the vertebral bodies or intervertebral discs has
not been well investigated. Our aim in this study is to inves-
tigate the effects of these disorders on the CMT location,
especially with regard to the customary sites of needle inser-
tion during spinal anaesthesia.

Methods
With institutional Ethics Board approval, we retrospectively
studied MRIs of the spine of 1047 Chinese patients (444
males and 603 females), of age ranging from 10 to 79 yr,
in order to determine the location of CMT. These patients
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Vertebral column abnormalities

• Scoliosis 

• Malfusion 

• Trauma



Scoliosis

http://www.hudsonvalleyscoliosis.com/wp-content/uploads/2014/10/tattoo-on-scoliosis-e1414679202287.jpg



http://spinewave.co.nz/wp-content/uploads/scoliosis.jpeg
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Scoliosis

• Idiopathic 

• Congenital 

• Incomplete formation of vertebrae (hemivertebrae) 

• Failure of separation of vertebrae (fusion) 

• Neuromuscular 

• cerebral palsy 

• spina bifida 

• myopathies







all volatile aestheticsSuccinylcholine

category 1 caesarean section ?





Pulmonary function

• Restrictive lung disease 

• Increased pulmonary resistance (hypoxic) 

• Increased minute ventilation in pregnancy 

• Aggravated in patients with neuromuscular disease 
(weakness)





Cardiac function

• Structural cardiac changes 

• Increased pulmonary resistance  
(hypoventilation, hypoxic pulmonary vasoconstriction). 

• Right heart failure !



An approach to neuraxial anaesthesia for the severely scoliotic
spine
C. Bowens1*, K. H. Dobie1, C. J. Devin2 and J. M. Corey1
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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.

Keywords: epidural; regional anaesthesia; safety, techniques; scoliosis; spinal

Accepted for publication: 5 March 2013

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

British Journal of Anaesthesia 111 (5): 807–11 (2013)
Advance Access publication 9 May 2013 . doi:10.1093/bja/aet161
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«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»

«…a paramedian approach could be attempted on 
the convex-side of the curve.  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  
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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).

40°

L1

L2

L3

L4

L5

Fig 2 Coronal computed tomogram demonstrating a compensa-
tory lumbar curve with a Cobb angle of 408.

L2

L

4 cm

1.5 cm

Fig 3 Transverse computed tomogram demonstrating L2 vertebral
body rotation and pathway for paramedian approach to the epi-
dural space.

L

60°

Fig 1 Chest radiograph demonstrating dextrorotatory thoracic
scoliosis with a Cobb angle of 608.

L

6.6

LF-D

PVB

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

History and
physical

Review
radiologic
studies

Idiopathic
scoliosis

Nonstructural
or anatomy
well defined

Structural Consider
other

technique

Good
positioning

Good
positioning

Proceed with
caution

Ultrasound Fluoroscopy

Poor
visualization

Cobb angle
<25°

Cobb angle
25° – 50°

Consider
imaging, convex-
side paramedian

approach,
convex-side
angulation

midline approach

Cobb angle
>50°

Congenital
scoliosis

Neuromuscular
scoliosis

Fig 5 Algorithm to guide neuraxial techniques in scoliotic patients.
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Analysis of Vertebral 
Morphology in Idiopathic 

Scoliosis with Use of Magnetic 
Resonance Imaging and 

Multiplanar Reconstruction
BY ULF R. LILJENQVIST, MD, THOMAS ALLKEMPER, MD, LARS HACKENBERG, MD, 

THOMAS M. LINK, MD, JÖRN STEINBECK, MD, AND HENRY F.H. HALM, MD

Investigation performed at the Department of Orthopaedics, Universitätsklinikum Münster, Germany

Background: Several studies have provided data on the vertebral morphology of normal spines, but there is a
paucity of data on the vertebral morphology in patients with idiopathic scoliosis.

Methods: The morphology of the pedicles and bodies of 307 vertebrae as well as the distance between the
pedicles and the dural sac (the epidural space) in twenty-six patients with right-sided thoracic idiopathic scolio-
sis were analyzed with use of magnetic resonance imaging and multiplanar reconstruction. 

Results: A distinct vertebral asymmetry was found at the apical region of the thoracic curves, with significantly
thinner pedicles on the concave side than on the convex side (p < 0.05). The degree of intravertebral deformity
diminished farther away from the apex, with vertebral symmetry restored at the neutral level. In the thoracic
spine, the transverse endosteal width of the apical pedicles measured between 2.3 mm and 3.2 mm on the
concave side and between 3.9 mm and 4.4 mm on the convex side (p < 0.05). In the lumbar spine, the pedicle
width measured between 4.6 mm at the cephalad part of the curve and 7.9 mm at the caudad part of the
curve. The chord length and the pedicle length gradually increased from 34 mm and 18 mm, respectively, at the
fourth thoracic vertebra to 51 mm and 25 mm, respectively, at the third lumbar vertebra. The transverse pedi-
cle angle measured 15° in the cephalad aspect of the thoracic spine, decreased to 7° at the twelfth thoracic
vertebra, and increased again to 16° at the fourth lumbar vertebra. The width of the epidural space was <1 mm
at the thoracic apical vertebral levels and averaged 1 mm at the lumbar apical vertebral levels on the concave
side, whereas it was between 3 mm and 5 mm on the convex side (p < 0.05).

Conclusion: Idiopathic scoliosis is associated with distinctive intravertebral deformity, with smaller pedicles on
the concave side and a shift of the dural sac toward the concavity. 

Clinical Relevance: Care must be exercised during pedicle-screw instrumentation, especially in the apical re-
gion of the concavity of thoracic curves, because of the small pedicle width and the limited epidural safe zone
in this area. Surgeons should be aware of these altered conditions when considering pedicle-screw instrumen-
tation for patients with thoracic scoliosis.

edicle screws have become widely accepted as an invalu-
able part of spinal instrumentation. Because of their su-
perior biomechanical properties and their position

outside the spinal canal, pedicle screws have gained popularity
even for the surgical treatment of scoliosis1-6. Several clinical
studies have demonstrated better curve correction, less loss of
correction, and a shorter fusion length when pedicle screws
were used instead of hooks or wires in the treatment of idio-
pathic scoliosis4,7-12. However, a detailed knowledge of the ver-
tebral morphology is mandatory to ensure safe pedicle-screw

instrumentation. Numerous investigators have analyzed the
vertebral morphology of normal spines in both cadaver and
clinical studies and have provided clinically relevant data with
respect to pedicle-screw instrumentation13-19. However, there is
a paucity of reports on the vertebral morphology in patients
with idiopathic scoliosis. Cadaver studies on a few single api-
cal vertebrae from scoliotic spines have demonstrated intra-
vertebral deformity and asymmetrical growth of scoliotic
vertebrae but have not provided exact morphometric data20,21.
In a previous study in which postoperative computed tomo-
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reveal any morphometric differences between the patients
with type-II scoliosis and those with type-III and IV scoliosis.
In the thoracolumbar and lumbar spine, the smallest pedicle
width was found at the first lumbar level.

Our measurements of the endosteal pedicle width on
the convex side of the curve were consistently smaller than the
measurements of pedicle width that have been reported in
previous studies on the morphology of normal spines14,15,17-

19,33,37,38, with differences of 1 to 2 mm in the thoracic region and
of 2 to 3 mm in the lumbar region (Table II). Some investiga-

tors have measured the outer cortical pedicle width14,15,17,18, and
Zindrick et al.19 did not differentiate between inner and outer
cortical width. Other investigators have measured the endo-
steal pedicle width as the effective pedicle diameter22,37. In the
present study, we measured the endosteal pedicle width be-
cause we believe that it corresponds more accurately to the
effective pedicle diameter with respect to pedicle-screw instru-
mentation than the outer cortical width of the pedicle
does22,37,39,40. The thickness of the cortex of the thoracic pedicles
measures approximately 0.5 to 1.5 mm, with the medial wall

Fig. 6-A

True transverse section through an apical thoracic vertebra in a patient with a King type-II curve. The pedicles are asymmetrical, with a much thinner 
pedicle on the concave side, and the dural sac is shifted toward the concavity. A = aorta, and D = dural sac. 

Fig. 6-B

Fig. 7

Illustration of the width of the epidural space on the concave and the convex sides of the curve as measured in the transverse plane. Significant dif-
ferences were noted between the concave and convex sides at all levels (p < 0.05) except the fourth and fifth thoracic and fourth lumbar levels (T4, 
T5, and L4).
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Scoliosis - anaesthetic management

• Antepartum consultation 
• Respiratory function 
• Cardiac function 
• Neuromuscular disorder 
• Anatomy, Surgery 

• Antenatal MRI ? Ultrasound ? 

• Technical difficulties, increased failure rate



Learning points
• Stay below L3 (and you frequently don’t know where that is) 

• Spina bifida occulta ≠ Occult spinal dysraphism 

• Beware of  ‘sacral dimples’ 

• Generous indication for MRI 

• Scoliosis 

• Congenital and neuromuscular scoliosis: heart and lung 

• Convex side 

• Multidisciplinary
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