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aternal neurologic injury after labor and de-
livery has long been recognized. These inju-

ies may be intrinsic to the labor and delivery pro-
ess or may result directly or indirectly from
bstetric or anesthetic intervention. The incidence
f neurologic complications is low but not precisely
nown. Sixteen percent of the obstetric claims in
he American Society of Anesthesiologist’s Closed
laim Database were for maternal nerve damage.1

Because of the temporal association to neuraxial
nalgesia/anesthesia, anesthesiologists are often the
rst physicians notified or consulted when women
omplain of neurologic symptoms after childbirth.
he vast majority of neurologic injuries are not
irectly attributable to anesthetic interventions but
ather are intrinsic to labor and delivery or may
ven occur spontaneously.2 However, it is impor-
ant that anesthesiologists are knowledgeable of the
ifferential diagnosis of nerve injury after labor and
elivery and are able to recognize the rare injury
hat requires immediate intervention to avoid ad-
erse outcome.
The purpose of this review is to discuss maternal

eurologic injury associated with labor and deliv-
ry, including incidence, etiology, evaluation, and
reatment. Cerebral injury, cardiac arrest, and post-
ural puncture headache will not be discussed. For
he purposes of this review, the term neuraxial an-
sthesia includes spinal, epidural, and combined spi-
al-epidural analgesia and anesthesia.

echanisms of Nerve Injury

Acute injury to nerves (either to the neuron
nd/or its supporting structures) can occur by sev-
ral mechanisms. Direct trauma to nerve tissue can
esult from nerve transection, stretch, or compres-
ion; nerve trauma from needles or catheters; or by
ntraneuronal injection of anesthetic agents or
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ther toxins.3 Moreover, mechanical trauma, com-
ression, or stretch injuries to supporting vascular
tructures may compromise perineural blood flow
nd result in nerve ischemia.
Disorders of peripheral nerves cause either dim-

nution or loss of certain functions and/or distur-
ances of function.3 Diminution or loss of function
an result in alteration of both efferent and afferent
mpulses, causing autonomic, motor, or sensory
ysfunction. Acute autonomic nerve dysfunction
esults in sudomotor, pilomotor, and vasomotor pa-
alysis. Motor dysfunction of peripheral nerves
auses paresis or paralysis of specific muscles or
uscle groups and results in hypotonic or flaccid
uscles. Interruption of afferent impulses causes

mpairment in pain, temperature, tactile, pressure
erception, and proprioception. Interference with
ither efferent or afferent impulses may result in
iminution or loss of muscle stretch reflexes.
Regardless of the insult, severe injury to a nerve

esults in axon loss and less severe injury results in
ocal demyelination.4 Axon loss lesions cause even-
ual degeneration of the entire nerve segment distal
o the site of injury, a process called Wallerian
egeneration, and result in conduction failure. In
ontrast, focal demyelination lesions affect nerve
bers only at the site of injury. Focal demyelination
ay result in conduction block or slowing, depend-

ng on the degree of injury. Conduction block and
ailure both result in functional deficits.

Neuropathy refers to damage to a peripheral
erve, regardless of etiology. Complete transection
f a peripheral nerve is called neurotmesis and leads
o complete and permanent nerve degeneration.3

hen axonal function is lost, but the supporting
issues (epineurium, endoneurium) are preserved,
he peripheral conducting structures of the nerve
egenerate and axonotmesis occurs. Spontaneous
ecovery may occur after regeneration of nerve fi-
ers. Recovery of nerve function after injury is best
redicted by the percentage of axonal loss, with
xonal loss �50% predicting recovery within 1
ear.5 Neuropraxia results from compression or
lunt blows or trauma to the nerve. This may result
n focal demyelination, causing transient block.
omplete paralysis does not result, and there is no
eripheral degeneration. Recovery is usually rapid

nd complete.
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The vulnerability of a nerve fiber to injury de-
ends on the position of a nerve fiber within a
erve, as well as the size of the nerve fiber.3 The

argest type A nerve fibers are most susceptible to
noxia and pressure.

irect Complications of Neuraxial
nesthesia

ncidence of Neurologic Complications

Neurologic complications directly attributable to
euraxial anesthesia are rare,6 and the real inci-
ence is difficult to determine. Available data are
argely retrospective. Because the incidence of com-
lications is very low, large studies are needed to
etermine the incidence of these complications.
uroy and colleagues7 conducted a multicenter,
rospective survey of complications of regional an-
sthesia in France, including �70,000 neuraxial an-
sthetics administered over a 5-month period. The
ncidence of neurologic injury was significantly
reater after spinal (5.9/10,000) compared with
pidural (2.0/10,000) anesthesia. The incidence of
evere complications (including cardiac arrest,
eath, seizure, neurologic injury, radiculopathy,
auda equina syndrome, and paraplegia) was 19.7
er 10,000 spinal procedures compared with 6.2 per
0,000 epidural procedures. Two thirds of the ra-
icular injuries were associated with pain or pares-
hesias during the procedure. Twelve of the 13 in-
uries that occurred without paresthesias occurred
fter spinal anesthesia. Other prospective studies in
bstetric patients found a similarly low incidence of
eurologic injury directly attributable to neuraxial
nesthesia (Table 1).

irect Trauma

Direct trauma to the spinal cord, the conus med-
llaris, and spinal nerve roots can be caused by
irect needle or catheter trauma or intraneuronal
njection. Trauma to the spinal cord or conus med-

Table 1. Neurologic Complications* Associate
Prospec

Study N Anesthetic Techniq

Holdcroft et al.23 13,007 Epidural
Paech et al.80 10,995 Epidural
Dar et al.19 2,615 Epidural and spinal
Wong et al.57 6,048 Epidural, spinal, and

Abbreviation: CSE, combined spinal-epidural.
*Excludes back pain, unintentional dural puncture, total spinal a
†Neurologic complications directly attributable to neuraxial ane
‡Six women had unexplained sacral numbness after Cesarea
llaris may result because the anesthesiologist in- m
ccurately determines the caudad extent of the co-
us medullaris relative to needle placement.
lthough the spinal cord terminates at the L1 ver-

ebral body in most adults, it may also terminate
bove or below this oft-quoted landmark.8 Broad-
ent et al.9 studied the ability of anesthesiologists to
orrectly identify lumbar spinous interspaces using
agnetic resonance imaging: only 29% of in-

erspaces were identified correctly. Fifty-one per-
ent of the time the anesthesiologist was wrong;
e/she was actually one level higher than antici-
ated. Reynolds10 recently reported 6 cases of dam-
ge to the conus medullaris after spinal or com-
ined spinal-epidural anesthesia in obstetric
atients. All patients experienced pain with needle
nsertion. Postinjury magnetic resonance imaging
howed that all patients had spinal cords of normal
ength. In 5 patients, a syrinx was identified in the
onus medullaris on the same side as the pain elic-
ted during the neuraxial procedure and the persis-
ent neurologic symptoms. These findings suggest
everal aspects of technique are important in avoid-
ng direct needle/catheter injury to the conus med-
llaris. These include (1) a low lumbar puncture
ite (below L3 as estimated by the anesthesiologist),
2) halting needle advancement immediately if the
arturient perceives any pain, and (3) injecting an-
sthetic solution only if the pain completely re-
olves. If the pain persists, or if it recurs on initiation
f injection, the needle/catheter should be resited
r the procedure should be abandoned.

njection Into Unintended Places or Injection of
nintended Substances

Anesthetic solutions intended for the epidural
pace may unintentionally be injected into the sub-
ural or subarachnoid spaces. McMenemim and
olleagues11 used computed tomography to show
ignificant anterior displacement of the arachnoid
n the spinal canal after injection of contrast dye
nto the lumbar subdural space and postulated this

h Neuraxial Anesthesia in Obstetric Patients:
tudies

Direct Incidence/
10,000 Patients† Study Design

1.5 Multicenter 1-year period
0.9 Single center 5-year period
0‡ Single center 1-year period
1.7 Single center 1-year period

sia, cardiac arrest, and intravascular local anesthetic injections.
a.
ery (3 had epidural anesthesia only).
d Wit
tive S

ue

CSE

nesthe
sthesi
ight explain rare cases of permanent neurologic
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amage after apparently straightforward epidural
nesthesia. Indeed, Hilgenhurst and colleagues12

eported a case of permanent neurologic deficit af-
er the presumed subdural infusion of meperidine.

agnetic resonance imaging showed a subdural
uid and air collection and marked cord compres-
ion.

The wrong drug, solutions with preservatives, or
igh concentrations of local anesthetics may be di-
ectly toxic to nerve tissue. Nerve tissue in the
pidural space is relatively tolerant of direct chem-
cal toxicity. In contrast, the injection of the same
olutions into the subarachnoid space more often
esults in permanent neurologic injury (e.g., cauda
quina syndrome and adhesive arachnoiditis). Even
tandard concentrations of local anesthetic solu-
ions injected into the subarachnoid space may be
ssociated with neurotoxicity.13 However, a recent
iterature review found no evidence to suggest that
outine neuraxial labor analgesia causes chronic
dhesive arachnoiditis.14

ransient Neurologic Syndrome

Transient neurologic syndrome (TNS) is most
ommonly associated with subarachnoid hyper-
aric 5% lidocaine. It is not clear whether this
yndrome represents actual neurologic injury. Two
andomized prospective studies compared spinal
upivacaine with lidocaine in obstetric patients. The
ncidence of TNS after spinal lidocaine for Cesarean
elivery was 0% (95% CI, 0%-3%)15 and 3% (95%
I, 0.1%-17.8%) after postpartum tubal ligation.16

here were no differences in the incidence of TNS
etween lidocaine and bupivacaine. It is unclear
hy the incidence of TNS in obstetric patients ap-
ears to be lower than the general surgical popula-
ion but may be related to patient positioning.17

iscussions as to the advantages and disadvantages
f the continued use of 5% hyperbaric spinal lido-
aine in obstetrics have recently been pub-
ished.17,18

Sacral numbness after spinal, epidural, or com-
ined spinal-epidural anesthesia for Cesarean deliv-
ry has been described in several reports.19,20 The
tiology is unclear but may be caused by a pressure
oint–type injury.19

pinal Epidural Hematoma

Spontaneous spinal epidural hematoma and he-
atoma after neuraxial anesthesia in the obstetric

opulation are rare; however, the early diagnosis of
ematoma is essential to avoid permanent neuro-

ogic sequelae. There are no case reports of spinal
pidural hematoma after spinal anesthesia in ob-

tetric patients. A recent literature review summa- a
izing 10 case reports of spinal epidural hematoma
fter obstetric epidural analgesia/anesthesia found
ost reported cases were associated with an iden-

ifiable deficiency in the coagulation system.21 A
ulticenter retrospective study of 505,000 obstetric

pidural procedures in the United Kingdom identi-
ed 1 epidural hematoma.22 Similarly, prospective
ulticenter audits of 13,00723 and 108,13324 ob-

tetric epidural procedures identified no cases of
pidural hematoma. A “bloody tap” during the ini-
iation of neuraxial anesthesia, in an otherwise
ealthy parturient, does not appear to increase the
isk of spinal epidural hematoma.

Unfortunately, it is impossible to determine
safe” laboratory coagulation parameters for
euraxial anesthesia. A survey of obstetric anesthe-
iologists found that most anesthesiologists are
omfortable initiating neuraxial analgesia when the
latelet count is greater than 80,000/mm3 but
ould not initiate a block if the platelet count was

ess than 50,000/mm3.25 It is becoming increasingly
ommon to encounter obstetric patients on unfrac-
ionated, or low–molecular-weight, heparin. The
merican Society for Regional Anesthesia and Pain
edicine has recently updated their consensus

tatement recommendations for neuraxial anesthe-
ia in the presence of anticoagulation.26

The benefits of using a neuraxial anesthetic tech-
ique should be assessed in individual patients rel-
tive to the risk of spinal epidural hematoma. In
nticoagulated patients, the incidence of hematoma
ppears to be greater after continuous epidural an-
sthesia compared with spinal anesthesia.27 There-
ore, a lower platelet count or more prolonged co-
gulation time may be acceptable when spinal
ersus epidural anesthesia is planned. All patients
hould be asked about a history of abnormal bleed-
ng and anticoagulant use before the initiation of
euraxial anesthesia. However, epistaxis or gum
leeding during pregnancy may be a normal finding
nd not indicative of a bleeding diathesis. A physical
xamination may reveal bruising. In patients
hought to be at risk for a bleeding diathesis, labo-
atory coagulation status should be assessed both
efore initiation of neuraxial blockade and before
emoval of the epidural catheter. Vandermeulen et
l.27 found that almost 50% of spinal hematomas
ssociated with epidural catheter use occurred at
he time of epidural catheter removal. Lower ex-
remity neurologic checks every 1 or 2 hours may
e indicated in patients thought to be at increased
isk for spinal epidural hematoma.

Signs and symptoms of spinal hematoma include
he acute onset of back and radicular leg pain, lower
xtremity numbness and weakness, and urinary

2
nd anal dysfunction. Suspicion of a spinal hema-
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oma should prompt immediate magnetic reso-
ance imaging, if available, or myelography with
omputerized tomography if not. Adverse neuro-
ogic outcome is directly related to the time interval
rom hematoma formation to surgical decompres-
ion with an interval greater than 8 hours uni-
ormly associated with permanent neurologic in-
ury.27

pinal Infection

Spinal epidural abscess (SEA) and meningitis are
are complications of obstetric neuraxial anesthesia.

retrospective study of �500,000 obstetric epi-
ural procedures identified 1 epidural abscess.22

here were no epidural abscesses found in a pro-
pective survey of �108,000 obstetric epidural
locks.24 A recent literature review summarized 8
ase reports of epidural abscess in obstetric patients:
after epidural blockade and 1 after combined spi-
al-epidural blockade.2 The most common SEA in-

ecting organism is Staphylococcus aureus.2,28

Meningitis is also a rare complication of obstetric
euraxial anesthesia. It appears more common after
pinal compared with epidural anesthesia. Al-
hough dural puncture is considered a risk factor for
eningitis, the procedure is often performed for

iagnostic purposes in the setting of sepsis and ep-
demiologic evidence suggests that the incidence of

eningitis after lumbar dural puncture is not
reater than in the general population.29 There are
everal case reports of meningitis after combined
pinal-epidural analgesia for labor.30-32 It is not
lear whether the combined spinal-epidural analge-
ia technique is associated with an increased inci-
ence of meningitis or if this is a reporting phenom-
non of a new technique. Obstetric patients usually
resent 1 to 3 days postpartum complaining of fe-
er, headache, and neck stiffness.2

Contamination of the neuraxial canal can occur
rom either the patient or the anesthesiologist. A
ecent study in laboring women suggests that io-
ophor in isopropyl alcohol (DuraPrep; 3M Health-
are, St. Paul, MN) is more efficacious than povi-
one iodine solution in decreasing bacterial skin
ounts, as well as bacterial regrowth and coloniza-
ion of epidural catheters.33 Similarly, chlorhexi-
ine was more efficacious than povidone iodine in
educing epidural catheter colonization in children
ith epidural catheters for postoperative analge-

ia.34 Whether the routine use of these types of
reparations would result in lower infection rates is
ot known.
The importance of individual components of

aseptic technique” (e.g., gown, face mask) for the

revention of infectious complications is controver- p
ial.35 Commensal bacteria in the oral cavity of the
nesthesiologist have been implicated in causing
eningitis after spinal anesthesia.36 Although com-
on sense would suggest that face masks be worn

uring neuraxial procedures,37,38 this practice was
ot found to reduce surgical wound infections dur-

ng clean surgery.39

The most common presenting complaint of pa-
ients with SEA is severe backache and localized
enderness.28,40 Other signs and symptoms include
ever, elevated white blood count and erythrocyte
edimentation rate, neck stiffness, and headache.
ate symptoms include radiating segmental pain
nd loss of lower limb and sacral sensation, dimin-
shed reflexes, and bladder dysfunction. Onset of
ymptoms is usually 4 to 10 days postpartum.2,41

arly diagnosis and timely intervention lead to bet-
er outcomes.28 Gadolinium magnetic resonance
maging is the current gold standard, followed by
urgical drainage and antibiotic therapy if an ab-
cess is confirmed.

ascular Catastrophes

Vascular catastrophes leading to neurologic in-
ury are a rare complication of childbirth. In about
5% of the population, branches of the internal
liac artery provide the major blood supply to the
onus medullaris. Bromage6,41 has suggested that
ermanent paraplegia may result from compression
f these vessels by the fetal head or obstetric instru-
entation. Paraplegia resulting from anterior spinal

rtery syndrome and from spinal arteriovenous
alformations has been reported after epidural an-

lgesia/anesthesia for labor and Cesarean deliv-
ry.41 Vasodilation or hypotension associated with
regnancy and neuraxial anesthesia, as well as in-
reased cerebrospinal fluid pressure from an epi-
ural injection, may decrease capillary blood flow
o the affected area of the spinal cord.

In summary, direct complications of obstetric
euraxial anesthesia, including direct trauma, spi-
al epidural hematoma, infection, or vascular ca-
astrophes, are quite rare but can result in perma-
ent neurologic injury. Therefore, they must be
art of the differential diagnosis during the evalua-
ion of postpartum nerve injury in women who
ave received neuraxial anesthesia.

ack Pain

Lower back pain is a common complaint of preg-
ancy and the postpartum period. Although the
ost likely etiology is musculoskeletal, neurologic

athology should be ruled out. Anesthesiologists
re often called upon to evaluate postpartum back

ain because the temporal association of back pain
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o recent neuraxial anesthesia suggests to patients
nd care givers that the neuraxial procedure is the
ause of the back pain.

ncidence and Cause of Postpartum Back Pain

Prospective audits42,43 and randomized stud-
es44,45 have found an incidence of postpartum back
ain between 21% and 50%. Postpartum back pain
s more likely in women with antepartum back
ain.43,46 Although a postal survey of 11,700
omen suggested that epidural analgesia was asso-

iated with a greater incidence of postpartum back-
che compared with other forms of analgesia or no
nalgesia,47 subsequent randomized studies refuted
his finding. Howell and colleagues48 randomized
ulliparous women to epidural or other types of
nalgesia and found no difference in the incidence
f backache at 3 and 12 months between the 2
roups. At long-term follow-up, approximately
0% of women complained of back pain lasting
ore than 1 year.49 Similarly, Loughnan and col-

eagues45 randomized nulliparous women to epi-
ural or meperidine analgesia. The incidence of
ackache at 6 months postpartum was 48% to 50%
nd did not differ between groups.

valuation and Management of Postpartum Back
ain

The most likely cause of postpartum back pain is
continuation of antepartum pathology.50 How-

ver, the complaint of back pain, especially new-
nset back pain, should prompt a history and phys-
cal examination to rule out central neuraxial
athology. Close observation, consultation, and/or
maging studies may be indicated.

ntrinsic Obstetric Palsies

Neurologic injury associated with pregnancy and
elivery, or intrinsic obstetric palsy, has long been
ecognized. Postpartum foot drop was first de-
cribed in 183851 and femoral neuropathy in
878.52 The vast majority of neurologic injuries af-

Table 2. Intrin

Study Experimental Design

Ong et al.55 Retrospective
Vargo et al.56 Retrospective
Scott et al.24 Prospective, multicenter audit
Holdcroft et al.23 Prospective, multicenter audit
Dar et al.19 Prospective, observational, case controlle
Wong et al.57 Prospective, observational, single center

*Only patients who received neuraxial anesthesia were directl
er childbirth can be attributed to intrinsic obstetric n
alsies. Historically, case reports of postpartum
erve injury were associated with primiparity,
ephalopelvic disproportion, and midforceps deliv-
ries.53,54

ncidence of Intrinsic Obstetric Palsy

The reported incidence of postpartum lower ex-
remity motor and sensory dysfunction secondary
o neurologic injury in present-day obstetric prac-
ice is between 0.008% and 0.92% (Table
).19,23,24,55-57 The reported incidence is inversely
elated to sample size and varies widely with study
ethodology. Two retrospective reviews by Ong et

l.55 and Vargo et al.56 performed in the 1970s and
980s found an incidence of 0.8 to 18.9/10,000
eliveries. Similarly, 2 prospective physician-re-
orted audits from the early 1990s of 467,49124 and
8,06623 deliveries identified nerve injury rates of
/10,000 and 4/10,000, respectively. In contrast, in
prospective, case-controlled study of 2,615 partu-

ients who received obstetric neuraxial analgesia/
nesthesia at a single institution, symptoms of
erve injury were reported at a rate of 58/10,000
eliveries.19 Finally, a recent study of �6,000 de-

iveries over a 1-year period at a single institution
ound the incidence of postpartum lumbosacral
pine and lower extremity nerve injury was 92/
0,000 or almost 1%.57

Risk Factors for Intrinsic Obstetric Palsy.
ong and colleagues57 attempted to prospectively

dentify risk factors for postpartum nerve injury.
heir results support the conclusions drawn from
necdotal reports in the last century.53 Specifically,
ulliparous women with prolonged second stage of

abor were more likely to experience postpartum
erve injury. Because the duration of pushing in
his study was highly correlated with the duration
f the second stage, it is unclear whether prolonged
ushing or prolonged second stage is associated
ith nerve injury. Maternal and fetal body habitus
ere not associated with nerve injury nor was
ode of delivery or neuraxial anesthesia. However,

ver 80% of parturients in this study received

stetric Palsies

Study
Period N

Incidence/10,000
Deliveries

1975-1983 23,827 18.9
1971-1987 143,019 0.8
1990-1991 467,491 1.0

1992 48,066 1.0
le center* 1999 3,991 58

1998 6,048 92

rved.
sic Ob

d, sing
euraxial anesthesia; therefore, a definitive conclu-
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ion regarding the effect of neuraxial anesthesia on
he incidence of nerve injury could not be made. In

retrospective study, Ong and colleagues55 found
hat nerve injury was more frequent in women
ho had some form of anesthesia (neuraxial or

eneral) compared with women with no anesthe-
ia. However, the data were not analyzed for con-
ounding variables, and women with longer, more
omplicated labors may have received anesthesia
ore often. Dar and colleagues19 also reported a
igher incidence of nerve injury in women who
eceived neuraxial anesthesia. However, their co-
ort-control methodology may have resulted in sig-
ificant reporting bias.
It is possible that neuraxial anesthesia indirectly

ontributes to postpartum nerve injury. Neuraxial
abor analgesia is associated with longer second
tage of labor,58 and parturients with labor analge-
ia-induced sensory blockade may not appreciate
ymptoms of impending nerve injury and may not
hange their body position in a timely manner. The
resence of neuraxial analgesia may encourage par-
urients to push without changing body position
requently or may limit the choice of positions that
arturients typically assume when pushing.
Maternal positioning during labor and delivery
ay contribute to nerve injury. Women with post-

artum nerve injury spent significantly more time
ushing in the semi-Fowler/lithotomy position
ompared with women without nerve injury.57 In a
rospective study of lower extremity neuropathies
ssociated with 991 surgical procedures performed
n the lithotomy position, nerve injury was associ-
ted with time in the lithotomy position but was
ot associated with patient body habitus or diabetes

59

ig 1. The lumbosacral plexus and peripheral nerves and
heir relationship to the bony pelvis and inguinal ligament.
Reprinted with permission from Cole JT. Maternal ob-
tetric paralysis. Am J Obstet Gynecol 1946;52:374-386.)
ellitus. O
Specific Intrinsic Obstetric Palsies. Postpar-
um neuropathies include lesions of the spinal cord,
umbosacral nerve roots, the lumbosacral trunk,
nd peripheral nerves, including the femoral, lat-
ral femoral cutaneous, sciatic, peroneal, obturator,
uperior gluteal, ilioinguinal, iliohypogastric, and
enitofemoral nerves (Fig 1).56 The 2 prospective
bservational studies found 24%19 and 37%57 of
bstetric nerve injuries were associated with a
otor deficit. The most common diagnoses were

ateral femoral cutaneous neuropathy (meralgia
aresthetica), femoral neuropathy, and “sacral
umbness” (found only after Cesarean delivery).
ther nerve injuries included common peroneal

fibular), sciatic, and obturator neuropathies; lum-
osacral plexopathy; lumbar radiculopathies; and
onspecific sensory deficits not attributable to any
ingle etiology. The median duration of symptoms
as 6.5 weeks19 and 2 months.57 Symptoms re-

olved or improved in almost all patients. Based on

ig 2. Lower extremity dermatome (left side) and pe-
ipheral sensory nerve distribution (right side). (Repro-
uced with permission of the publisher, Postgraduate

54
bstetrics and Gynecology, Inc. )
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he duration of their symptoms, these women likely
uffered minor degrees of axon loss or focal demy-
lination.

ateral Femoral Cutaneous Neuropathy

Risk factors for lateral femoral cutaneous neurop-
thy include anatomic variation (the nerve may
isect the inguinal ligament), increased intraab-
ominal pressure, pregnancy, obesity, diabetes mel-
itus, trauma, pressure by a belt, or prolonged hip
exion.3 Women may develop symptoms of meral-
ia paresthetica during the later half of preg-
ancy.57,60 The nerve provides sensory innervation

o the lateral thigh (Fig 2). Because it has no motor
omponent, parturients with this injury do not
ave functional impairment, although the numb
ensation can be uncomfortable and may be accom-
anied by pain. Exacerbated lumber lordosis (e.g.,
uring pregnancy) leads to compression of the
erve by the posterior fascicle of the inguinal liga-
ent in patients in whom the nerve bisects the

nguinal ligament.61 The nerve may be entrapped or
ompressed by the inguinal ligament during mater-
al pushing in the thigh-flexed position.

emoral Nerve

Injury to the femoral nerve is also relatively com-
on after labor and delivery.19,57 At the turn of the

0th century, the incidence was 3.2%.53 Femoral
erve injury has been described after lower abdom-

nal surgery using a Pfannenstiel incision, particu-
arly with self-retaining retractors.62 However, no
omen with femoral nerve injury identified by Dar

t al.19 or Wong et al.57 had a Cesarean delivery.
he femoral nerve does not descend into the true
elvis, and therefore it is unlikely that compression
y the fetal head/body is a mechanism of injury.
high flexion, external rotation, and abduction may
ompress the femoral nerve at the inguinal liga-
ent. However, if weakness of thigh flexion is

resent, then the lesion must be proximal to the
nguinal ligament.63 Wong and colleagues57 found
hat all 13 women with a motor component to their
emoral neuropathy had weakness of hip flexion as
ell as knee extension, thereby placing the likely

ite of injury proximal to the inguinal ligament.
Several authors have suggested that excessive hip

bduction and external rotation may cause a stretch
esion of the intrapelvic portion of the nerve64 and
hat poor blood supply may contribute to traction-
r stretch-induced nerve ischemia.4,65 Finally, vari-
nt slips of the psoas and iliacus muscles that split
he femoral nerve have been identified. They may
lace tension on the femoral nerve and lead to an

66
ntrapment syndrome. Pressure on the medial l
spect of the leg may cause isolated saphenous
erve dysfunction manifested by sensory loss on
he medial calf and proximal foot.

bturator Nerve

Injury to the obturator nerve has also been de-
cribed in the postpartum period. Obturator nerve
njury leads to weakness of hip adduction and in-
ernal rotation and sensory loss on the medial thigh
Fig 2). The nerve descends from the lumbar plexus
nd crosses the pelvic brim where it may be com-
ressed between the pelvis and fetal head or forceps
pplied to the fetal head (Fig 1).53,61 The lithotomy
osition worsens angulation of the nerve as it leaves
he obturator foramen.61 Pudendal nerve blocks
ave caused hematomas that have led to entrap-
ent neuropathies of the obturator nerve.53

erve Root Injury

Radicular symptoms can occur after labor and
elivery. They may be caused by many processes,
ncluding bulging or ruptured intervertebral discs,
nd less commonly, arachnoiditis, spinal cord, in-
ra- or extradural tumors, trauma, infection, in-
ammation, or even muscle spasm.3 There is con-
radictory evidence as to whether pregnancy and
abor predispose to intervertebral disc prolapse and
ubsequent radiculopathy.67,68 Lower spine flexion,

position many women assume when pushing
uring labor, acutely increases intradisc pressure.69

umbosacral Plexus, Sciatic, and Peroneal Nerve
njury

In the middle of the 20th century, foot drop was
he most common obstetric nerve palsy.53 Foot drop
an be secondary to injury at the level of the lum-
osacral root, lumbosacral plexus, sciatic nerve, or
he common peroneal nerve (also known as the
bular nerve). Even if the injury occurs at the level
f the lumbosacral plexus, the common peroneal
erve component is more often affected than the
ibial component of the plexus because of its rela-
ionship to the bony pelvis.61 Components of the
umbosacral plexus cross the pelvic brim or sacral
la, or originate in the true pelvis, and may be
ompressed between the bony pelvis and fetal head
or forceps) (Fig 1). Indeed, fetal macrosomia; mal-
resentations or positions, such as occiput poste-
ior, or brow; or specific pelvic features, such as a
traight sacrum or wide, posterior pelvis, are de-
cribed as risk factors for obstetric-related foot
rop.54,61 Katirji and colleagues70 described 6
omen with postpartum foot drop who had nerve
esions localized to the lumbosacral plexus by elec-
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rodiagnostic testing. All 6 women were of short
tature. Demyelination, presumably from a com-
ression injury, was the primary pathology.
Postpartum injury to the sciatic nerve has been

eported,57,71 although the mechanism(s) remains
nclear. Stretch injuries to the sciatic nerve after
ynecologic procedures in the lithotomy position
ave been described.61 Sacroiliac joint dysfunction

s a common complaint of pregnancy, and joint
elaxation may cause sciatica as the nerve courses
nterior to the relaxed joint.72 Misplaced gluteal
uscle injections remain a major cause of iatro-

enic sciatic neuropathies.4

Sensory deficits of the common peroneal nerve
esult in numbness of the lateral leg and dorsum of
he foot (Fig 2). There is weakness of foot dorsiflex-
on and eversion. The most common mechanism of
eroneal nerve injury is external compression4 clas-
ically from pressure exerted by inappropriate leg
ositioning in stirrups. The superficial peroneal
erve is also at risk for compression injury against
he head of the fibula. Two case reports describe
ostpartum peroneal neuropathy in women with
rolonged pushing with the knees hyperflexed and
he parturients’ hands grabbing and applying pres-
ure over the lateral, upper leg.73,74 The nerve may
lso be injured during prolonged squatting during
abor.75,76 On clinical examination, it may be diffi-
ult to differentiate a lumbosacral plexopathy, sci-
tic neuropathy, or common peroneal neuropathy.
eakness of foot inversion and an absent ankle jerk

uggest a sciatic or plexus injury (Table 3).
It is likely that different intrinsic obstetric palsies

ave different risk factors. As with other perioper-
tive nerve injuries, it is possible that some patients
ay have an unidentified predisposition to in-

ury.77 Although the mechanism of nerve injury is
ot clear, consideration should be given to chang-

Table 3. Differentia

L5 Nerve Root Lumbar Pl

Motor Weakness of
paraspinous
muscles

Weakness of glu
muscles and a
sphincter

Ankle inversion* Weak Weak
Plantar flexion Normal Normal
Toe flexion Weak Weak
Sensory loss Poorly demarcated,

predominately
big toe

Well demarcated
dermatome

Ankle jerk Normal† Normal†
Pain Common, radicular Common, may b

*Attempt at inversion should be made with the foot dorsiflexed
†Weak with S1 involvement.
Adapted with permission from Katirji B. Entrapment and other

91.
ng the position of the lower extremities frequently l
uring prolonged pushing, avoidance of prolonged
high flexion, avoidance of extreme thigh abduc-
ion and external rotation, shortened active push-
ng time (by allowing the fetus to descent to the
erineum without active maternal pushing),57 and
inimizing motor and inappropriately dense sen-

ory blockade by avoiding high concentrations of
ubarachnoid and epidural local anesthetics.

valuation and Treatment of
ostpartum Neurologic Injury

Anesthesiologists should elicit a history of preex-
sting neurologic disease, or the presence of lower
xtremity pain, numbness, or weakness, during the
reanesthetic evaluation. A positive history or the
resence of symptoms should prompt a neurologic
xamination before the initiation of neuraxial an-
sthesia. Evaluation of postpartum complaint of
ower extremity numbness, weakness, and pain
hould occur as soon as possible and rare life- or
imb-threatening etiologies should be ruled out. In
he postpartum period, this may be made compli-
ated by common obstetric comorbidities. For ex-
mple, fever, urinary retention and incontinence,
nd anal sphincter dysfunction are common after
hildbirth. Bilateral symptoms do not necessarily
ndicate central neuraxial pathology. Bilateral pe-
ipheral neuropathies have been described.57 In-
rinsic obstetric palsies are usually not painful,57

hereas neuraxial pathology is often associated
ith pain. Pubic symphysis separation can present
efore, during, or after labor and may be confused
ith a neurologic injury, although none is present.
ymptoms include suprapubic pain with radiation
o the legs, hip, or back, and women may have
ifficulty standing or ambulating and complain of

78

nosis of Foot Drop

Sciatic Nerve Peroneal Nerve

Normal or weak Normal
Normal or weak Normal
Normal or weak Normal
Lower 2/3 of lateral leg,

and dorsum of foot
Lower 2/3 of lateral leg

and dorsum of foot

Normal or weak Normal
ular Can be severe Rare

vely to 90°.

europathies. Peroneal neuropathy. Neurol Clinics 1999;17:567-
l Diag

exus

teal
nal

to L5

e radic

passi

focal n
eg weakness.
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In general, symptoms that were present immedi-
tely after labor and delivery and that have im-
roved or stayed the same are likely not life or limb
hreatening. In contrast, worsening symptoms, or
ymptoms that occur after a symptom-free interval
fter delivery, should be evaluated immediately.
he consulting anesthesiologist should perform a
istory and physical examination. The history
hould include determination of the onset time of
ymptoms and details of the labor and delivery
rocess (e.g., mode of delivery, use of forceps, ma-
ernal positioning). Burning or gnawing pain, dys-
sthesia, numbness and weakness without a der-
atomal distribution, and sphincter dysfunction

uggest injury to the conus medullaris or cauda
quina syndrome.79 The presence of a fever and
levated white blood count suggest the presence of
nfection. Sensory and motor deficits without pain
uggest an intrinsic obstetric palsy. A neurologic
xamination performed by a trained individual may
ifferentiate central, radicular, plexus, and periph-
ral nerve lesions; however, it may be difficult to
ifferentiate among lesions based on physical ex-
mination alone. Because of considerable overlap
n sensory innervation of the lower extremity, mo-
or deficits are more useful in localizing the site of
njury.

Differential diagnosis of central versus peripheral
erve root injury is aided by examination of the
araspinous musculature. The paraspinous muscles
nd skin over the lower back are innervated by
erves of the posterior rami. Injury at the nerve
oot level affects both the posterior and anterior
ami of the nerve root. Therefore, intact paraspi-
ous muscles and sensation of the lower back sug-
ests a more distal injury. Central lesions are more
ften accompanied by back pain.61

Anesthesiologists should be able to make simple
iagnoses, such as meralgia paresthetica, without
urther consultation. More complex symptoms,
articularly motor deficits, or bilateral symptoms,
hould prompt consultation with a neurologist,
eurosurgeon, or physiatrist. Immediate magnetic
esonance imaging is the current gold standard to
ule out central lesions. Electromyography (EMG)
ay aid in determining the site of injury and degree

f axonal loss and thus the prognosis for recovery.5

owever, EMG only measures large nerve fiber
hanges and may take as long as 3 weeks after
njury to show changes. An abnormal EMG in the
rst postpartum week suggests preexisting injury.
n EMG should be considered in women in whom

he onset time of symptoms (ante- or postpartum)
s unclear or in whom the diagnosis or site of injury
emains unclear after physical examination (e.g.,

eroneal versus sciatic nerve injury). In women
ith stable peripheral neuropathies, there is little
enefit to an EMG other than determining prog-
osis.
It is helpful to consult the same expert physi-

ian(s) for every evaluation. They then have the
pportunity to develop expertise in the area of post-
artum nerve injury. Recent neuraxial anesthesia
oes not prove cause and effect, although the pa-
ient and many physicians will assume this. Expert
hysicians who commonly examine neurologic in-
ury in the postpartum period may be less likely to

ake this assumption. Nonincriminating language
hould be used by both the anesthesiologist(s) and
onsultant(s) in the written record.
To prevent secondary injury, patients with motor

eficits should be referred to a physical therapist
efore hospital discharge. The therapist may in-
truct the patient how to ambulate to decrease the
isk of falling and may provide support aids. An
nkle brace may be indicated for patients with foot
rop to prevent secondary injury to the Achilles
endon.

ummary

Permanent neurologic injury associated with la-
or and delivery is fortunately very rare. Transient
eurologic injury is not rare, and because of the
emporal association to neuraxial anesthesia, anes-
hesiologists are frequently called on to evaluate
ostpartum nerve injury. Injuries may occur spon-
aneously; they may be intrinsic to labor and deliv-
ry or result from obstetric or anesthetic interven-
ions. Most postpartum nerve injury is not directly
elated to neuraxial analgesia. However, injury sec-
ndary to anesthesia does occur, and serious, limb-
hreatening injuries need to be ruled out. Strict
ttention to technique may further limit the rare
njury directly related to anesthesia. Even self-lim-
ting neuropathies may be debilitating, especially
njuries with a motor component.
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