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    Chapter 6   
 Neural Injury During Pregnancy 
and Childbirth 

             Kelly     M.     Scott        

               Introduction 

 Neural injury is thankfully a rare occurrence in pregnant and parturient patients. 
When such a complication does occur, however, it can create signifi cant pain and 
functional defi cits. This chapter will address neuropathy arising from the lumbosa-
cral plexus and its terminal branches. Radiculopathy will be covered in Chap.   7     and 
upper extremity neuropathies (including carpal tunnel syndrome) will be discussed 
in Chap.   9    .  

    Anatomy of the Lumbosacral Plexus 

 The lumbosacral plexus is made up of branches derived from the L1-S5 nerve roots 
[ 1 ]. The lumbar portion of the plexus originates from L1 to L4, and the sacral por-
tion is typically considered to derive from L4-S5. Table  6.1  lists the major branches 
of the lumbosacral plexus with their innervations. Figure  6.1  shows the lumbosacral 
plexus and its relation to bony and ligamentous anatomy.
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        Mechanism of Neural Injury 

 Neural injury in pregnant and parturient women is most commonly due to nerve 
compression or traction [ 2 ]. The nerves in certain anatomic locations are more sus-
ceptible to compression injury. The lumbosacral plexus, for example, is susceptible 
to pressure from the descending fetal head as it courses along the lateral pelvic side-
wall. Compression injury can also easily occur in superfi cial nerves such as the 

   Table 6.1    Major branches of the lumbosacral plexus   

 Nerve 
 Originating 
spinal roots  Muscular innervations  Sensory innervations 

 Iliohypogastric  L1 (±T12)  Lower fi bers of transverse 
abdominal and internal 
oblique muscles 

 Lateral gluteal region and lower 
abdominal area above the pubis 

 Ilioinguinal  L1 (±T12)  Lower fi bers of transverse 
abdominal and internal 
oblique muscles 

 Superior and medial aspect of 
femoral triangle, root of penis 
and anterior scrotum in men, 
mons pubis, and labia majora in 
women 

 Genitofemoral  L1 and L2  Cremaster muscle  Thigh adjacent to the inguinal 
ligament and around the 
femoral triangle, spermatic cord 
and scrotum in men, labia 
majora in women 

 Obturator  L2-L4  Adductor magnus, adductor 
brevis, adductor longus, 
obturator externus, pectineus, 
and gracilis muscles 

 Medial thigh 

 Femoral  L2-L4  Iliopsoas, quadriceps, 
pectineus, and sartorius 
muscles 

 Upper and anterior thigh, knee 
joint 

 Lateral 
femoral 
cutaneous 

 L2 and L3  None  Anterior and lateral thigh 

 Superior 
gluteal 

 L4-S1  Gluteus medius, gluteus 
minimus, and tensor fasciae 
latae muscles 

 None 

 Inferior gluteal  L5-S2  Gluteus maximus  None 
 Sciatic  L4-S3  Biceps femoris, 

semitendinosus, 
semimembranosus, 
adductor magnus muscles 

 Hip joint, popliteal 
fossa, lower leg 
(except the medial part) 

 Posterior 
femoral 
cutaneous 

 S1-S3  None  Inferior gluteal region, posterior 
thigh, perineum 

 Pudendal  S2-S4  Sphincters of the urinary 
bladder and rectum 

 External genitalia including 
penis/clitoris, perineum, anus 
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common peroneal nerve at the fi bular head. Traction neuropathies result from an 
overstretch injury, which can occur either as a result of the body’s physiologic 
changes during pregnancy or as a result of labor and delivery positioning. During 
delivery, there is added potential for nerve injury via laceration (such as during a 
cesarean birth), ischemia, or due to the use of instrumentation such as forceps. 
Factors thought to be associated with the development of pregnancy-related neu-
ropathies include excessive weight gain, hypermobility, and increased edema [ 2 – 4 ]. 
Neural injury during childbirth is thought to be related to nulliparity, prolonged sec-
ond stage of labor, cephalopelvic disproportion, the use of thigh-hyperfl exion push-
ing position, and assisted (forceps or vacuum) vaginal deliveries [ 3 ,  5 ]. Intrapartum 
neural injury has not been shown to be associated with maternal or fetal weight or 
mode of delivery [ 6 ]. There is confl icting data at present as to whether neuraxial 
anesthesia/analgesia is associated with increased incidence of nerve injury [ 3 ,  6 ,  7 ]. 
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  Fig. 6.1    The lumbosacral plexus in relation to the bony anatomy of the spine and pelvis       
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Neuraxial anesthesia may indirectly contribute to the development of neural injury 
as it is associated with a longer second stage of labor [ 8 ]. Women with neurax-
ial anesthesia-induced sensory blockade may also not recognize symptoms of 
impending nerve injury and may fail to shift their position in order to relieve 
nerve compression [ 6 ]. 

 The most common type of neural pathology seen in both pregnant and postpar-
tum patients is focal demyelination, with or without conduction block (also referred 
to as neuropraxia) [ 2 ]. This type of nerve injury is generally short-lived and patients 
can expect a good recovery within days to weeks. More severe nerve damage can 
result in axonal loss with Wallerian degeneration (also called axonotmesis). In these 
cases, a more prolonged recovery course would generally be expected, with full 
recovery on the order of months to a year. Severe crush injuries or nerve transection 
injuries (collectively referred to as neurotmesis) often involve loss of the nerve 
stroma and disruption of nerve continuity. With such injuries full recovery is not 
possible without surgical intervention. Luckily such severe nerve injuries are 
exceedingly rare in the pregnant/postpartum population [ 6 ].  

    Incidence of Neural Injury 

 Most of the published literature regarding neural injury in this patient population is 
in the form of case reports. There have been a handful of retrospective and prospec-
tive studies, specifi cally looking at incidence of intrapartum nerve injury producing 
lower extremity symptoms. There is no good data on the incidence of pregnancy- 
related neuropathies. 

 Looking at these studies in aggregate, the reported incidence of postpartum 
lower extremity motor and sensory dysfunction due to neurologic injury is thought 
to be between 0.008 and 0.92 % [ 3 ,  7 ,  9 – 12 ]. Study methodology seems to be related 
in large part to the wide variation in reported incidences, with studies which utilized 
individual patient follow-up reporting a higher incidence than either retrospective or 
prospective survey studies [ 6 ]. In addition, reported incidence seems to be inversely 
related to the sample size. For most of the published literature, the localization of 
nerve injury is determined solely based on history and physical examination—nerve 
conduction studies, EMG, and other types of diagnostic testing are rarely used. 
Therefore, the reported location of the injury within the plexus cannot always be 
assumed to be accurate. 

 The highest quality study to date is a prospective study by Wong et al. [ 3 ] in 
2003, which estimated incidence of intrapartum nerve injury to be 0.92 %. This 
number was far higher than previously reported. The study looked at all women 
who delivered a live-born infant over a 1-year period of time at the Prentice Women’s 
Hospital in Chicago. Over 6,000 women included in the study were asked if they 
had any leg numbness or weakness on the day after delivery, and diagnosis was 
made with physical examination alone. This study found that the lateral femoral 
cutaneous nerve was the most commonly injured, followed by the femoral nerve, 
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common peroneal nerve, lumbosacral plexus, obturator nerve, and sciatic nerve. 
The study did not evaluate for injury to abdominopelvic nerves such as the pudendal 
or ilioinguinal. 

 A prospective, case-controlled study of 3,341 parturients who received regional 
analgesia or anesthesia for labor and delivery reported symptoms of nerve injury in 
0.58 % of study participants [ 7 ]. Two prospective survey studies from the 1990s of 
467,491 and 48,066 deliveries found rates of nerve injury to be 0.01 % and 0.04 %, 
respectively [ 10 ,  12 ]. A retrospective review of 23,827 deliveries over a 9-year 
period found the incidence of paresthesias and motor dysfunction to be 0.189 % [ 9 ]. 
A second retrospective review of 143,019 deliveries over a 16-year period reported 
an incidence of 0.008 % [ 11 ]. 

 Neuropathies which have been reported during pregnancy include that of the 
lateral femoral cutaneous, femoral, lumbosacral plexus, sciatic, and abdominal 
cutaneous nerves (iliohypogastric and thoracic lateral cutaneous). Intrapartum nerve 
injury during spontaneous vaginal delivery has been reported to the lateral femoral 
cutaneous, femoral, lumbosacral plexus, sciatic, obturator, common peroneal, ilio-
inguinal, and pudendal nerves [ 3 ]. Injury has been reported during cesarean delivery 
(or other surgeries with low transverse Pfannenstiel incisions) to the lateral femoral 
cutaneous, femoral, lumbosacral plexus, sciatic, common peroneal, iliohypogastric, 
ilioinguinal, and genitofemoral nerves [ 13 ].  

    Lateral Femoral Cutaneous Neuropathy 

 Otherwise known as meralgia paresthetica, neuropathy of the lateral femoral cuta-
neous nerve is the most common lower extremity nerve injury in both pregnant and 
postpartum patients [ 3 ,  4 ]. Symptoms include numbness and pain of the anterolat-
eral thigh without motor weakness. Symptoms are unilateral in a vast majority of 
cases, but bilateral injury has been described [ 14 ,  15 ]. 

 The nerve is typically injured via compression or traction at the anterior superior 
iliac spine or in the region of the inguinal ligament. Anatomic variation can play a 
role, as the nerve may bifurcate around the inguinal ligament, which makes it more 
susceptible to traction or compression by the posterior fascicle of the ligament [ 16 ]. 
In pregnancy, increased abdominal girth and lumbar lordosis are thought to be pre-
disposing factors for the development of meralgia paresthetica [ 3 ]. Other risk fac-
tors can include obesity, excessive pregnancy weight gain, carrying a large fetus, 
concurrent diabetes, wearing tight clothing, or prolonged hip fl exion [ 17 ,  18 ]. 
Carrying an older child on the ipsilateral hip can also exacerbate symptoms [ 2 ]. 
During delivery, the nerve may be injured during prolonged thigh fl exion during the 
pushing phase of labor [ 3 ]. It has been proposed that the elastic belts used to hold 
monitors in place over the lower abdomen during delivery may also contribute to 
compression injury of the lateral femoral cutaneous nerve [ 3 ]. It also can be infre-
quently damaged during cesarean section delivery via stretch injury or with an 
excessively wide incision or poor retractor placement [ 19 – 21 ]. 
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 In a case-controlled study of general practitioners, the incidence rate of meralgia 
paresthetica in the general population was 4.3 per 10,000 person years, and was 
found to be 12 times more likely to occur in pregnant women compared with non-
pregnant patients [ 22 ]. Wong et al. [ 3 ] found that the lateral femoral cutaneous 
nerve was the most commonly injured during labor and delivery, comprising 38 % 
of all nerve palsies identifi ed. The overall incidence of new meralgia paresthetica in 
postpartum women was 0.4 %. In this study, one third of postpartum women with 
meralgia paresthetica actually reported having symptoms that initially started 
 during pregnancy. Four out of the 24 women with new onset meralgia paresthetica 
after delivery underwent cesarean section before the second stage of labor.  

    Femoral Neuropathy 

 The femoral nerve is the second most common lower extremity nerve injured during 
childbirth, and it has also been reported infrequently during pregnancy. Patients 
with a femoral neuropathy can have a pure sensory defi cit or combined sensory and 
motor loss [ 3 ]. Sensory loss is typically in the anterior thigh, although with a severe 
axonal injury to the femoral nerve, there could also be sensory abnormalities in the 
distribution of the saphenous nerve (medial lower leg and foot). Knee extension 
weakness is the most common motor fi nding, and knee buckling with attempts at 
standing or ambulation can occur with more severe injuries. Ascending and descend-
ing stairs and performing transitional movements such as rising from a seated posi-
tion can be diffi cult. The femoral nerve innervates the iliopsoas muscle proximal to 
the inguinal ligament; if hip fl exion weakness is also present, a more proximal fem-
oral neuropathy should be suspected. There can also be diminished or absent patel-
lar refl exes on physical examination. 

 Risk factors for the development of femoral neuropathy in pregnancy and child-
birth are likely similar to those mentioned above for meralgia paresthetica, as the 
nerves are both located outside of the true pelvis, and therefore are unlikely to be 
injured via direct compression from the fetal head [ 3 ]. The femoral nerve is most 
likely injured during delivery due to compression or traction at the inguinal liga-
ment during prolonged thigh fl exion, external rotation, and abduction [ 3 ]. The intra-
pelvic portion of the femoral nerve is thought to be poorly vascularized, making the 
nerve more susceptible to stretch-induced ischemia with typical modern childbirth 
posturing in the semi-Fowler-lithotomy position [ 2 ,  23 ]. There has been one case 
report of femoral neuropathy associated with symphyseal separation as a complica-
tion of the McRoberts’ maneuver, done for the management of shoulder dystocia 
[ 24 ]. A split femoral nerve is a recognized anatomic variant, with bifurcation around 
slips of the psoas or iliacus muscles, and such anatomy could hypothetically make 
the nerve more prone to traction or compression injury [ 3 ,  25 ]. There have been 
multiple case reports of femoral neuropathy following lower abdominal surgery 
using a Pfannenstiel incision, although none of these reports involved a cesar-
ean delivery [ 26 – 28 ]. In most cases, the etiologic factor seemed to be poorly 
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placed  self- retaining retractors. Femoral nerve injury has also been described after 
cesarean delivery complicated by a retroperitoneal hematoma [ 29 ]. 

 The incidence of femoral neuropathy in the early twentieth century was reported 
as 3.2–4.7 % of all parturients, and 25 % of cases were bilateral [ 5 ,  11 ]. Femoral 
neuropathy is certainly much less common in modern times, perhaps due to changes 
in labor and delivery methods, decreased duration of labor, and increased use of 
cesarean delivery [ 11 ]. In the study by Wong et al. [ 3 ], femoral neuropathy was found 
to be the cause of 30 % of postpartum neuropathic symptoms (22 out of 63 patients), 
giving an overall incidence for postpartum femoral neuropathy of 0.36 %. Eight 
patients had unilateral sensory defi cits, 13 patients had unilateral sensory loss com-
bined with motor weakness, and one patient had bilateral sensory and motor defi cits. 
All 14 patients with motor defi cit presented with hip fl exion weakness as well as loss 
of knee extensor strength, indicating injury proximal to the inguinal ligament. 
Femoral neuropathy in pregnancy is not common, but there have been at least two 
case reports, both of which indicated bilateral involvement [ 30 ,  31 ]. Both of these 
patients required cesarean section because of leg weakness and severe pain, and one 
delivery was performed early at 32 weeks gestation due to severity of symptoms.  

    Lumbosacral Plexopathy 

 A lumbosacral plexopathy can have varying clinical presentations, depending on 
severity and which portions of the plexus are involved. The part of the plexus origi-
nating at the L4 and L5 nerve roots seems to be the most often injured as it crosses 
anterior to the sacral ala and sacroiliac joint. Clinically, this makes intrapartum lum-
bosacral plexopathy hard to distinguish from a sciatic neuropathy. Foot drop is a 
common clinical manifestation, with dorsifl exion, eversion, and great toe extension 
weakness out of proportion to plantarfl exion weakness (because L4 and L5 are 
more involved than the sacral portions of the plexus). There can be sensory loss 
below the knee, particularly of the anterolateral leg and foot dorsum. It is important 
to remember that a postpartum foot drop should not be automatically attributed to a 
lumbosacral plexopathy, as a sciatic neuropathy, common peroneal neuropathy, 
or radiculopathy could also cause similar clinical fi ndings. A careful physical 
 examination can often aid in distinguishing the etiology, although further diagnostic 
testing may ultimately be necessary and will be discussed later in this chapter. 

 Lumbosacral plexus lesions typically occur due to compression of the lumbosacral 
trunks against the pelvic brim by the fetal head [ 32 ]. Lumbosacral plexopathy has been 
reported to occur both in the late third trimester of pregnancy and during the second 
stage of labor [ 4 ,  32 ,  33 ]. Risk factors for the development of plexopathy include short 
stature, primiparity, increased fetal size, cephalopelvic disproportion, malpresentation 
(such as occiput posterior), and an arrested second stage of labor [ 4 ,  16 ,  32 ,  34 ]. 
Specifi c pelvic anatomic features may also play a predisposing role, such as a straight 
sacrum, a fl at and wide posterior pelvis, posterior displacement of the transverse 
 diameter of the inlet, wide sacroiliac notches, and prominent ischial spines [ 6 ,  16 ]. 
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There is confl icting evidence as to whether the use of forceps is an independent 
 variable leading to the development of intrapartum lumbosacral plexopathy, particu-
larly because forceps are often used in cases of cephalopelvic disproportion and 
 prolonged second stage of labor which are themselves known risk factors [ 32 ]. 

 Most of what we know about intrapartum lumbosacral plexopathy is through 
individual case reports and case series [ 32 ,  34 – 36 ]. It seems to be predominantly 
demyelinating in origin with proximal conduction block, based on one series of 
seven patients which presented detailed nerve conduction study (NCS) and electro-
myography (EMG) data [ 32 ]. Wong et al. [ 3 ] reported that 3 out of their 63 patients 
with symptoms of postpartum nerve injury had a lumbosacral plexopathy. Seven 
additional patients, however, were described as having symptoms of either a sciatic 
neuropathy or a radiculopathy. No electrodiagnosis was done to differentiate 
between these clinically similar etiologies. It is certainly possible that all ten of 
these patients actually had a lumbosacral plexopathy, given that lumbosacral 
plexopathy is thought to be much more common in this patient population than 
either sciatic neuropathy or lumbar radiculopathy [ 6 ]. 

 Lumbosacral plexopathy has been rarely reported as a complication of late preg-
nancy [ 33 ,  35 ,  37 ,  38 ]. In all of these cases, the symptoms began in the middle to 
late third trimester. Low back pain, foot drop, and sensory loss in the lateral lower 
leg were the most common clinical fi ndings. Most of these cases were presented 
with associated electrodiagnostic data confi rming the plexus as the origin of the 
symptoms. It is important to note that most cases of pregnancy-related low back 
pain which radiates down the leg are attributable to a pelvic girdle etiology and not 
to lumbosacral plexopathy [ 2 ].  

    Sciatic Neuropathy 

 Because the clinical presentation of lumbosacral plexopathy so closely mirrors sci-
atic neuropathy, it can be very diffi cult to tell the two apart clinically. On physical 
exam, sciatic neuropathy can differ from lumbosacral plexopathy in that sensation to 
the posterior thigh is usually intact (as this is innervated by the posterior femoral 
cutaneous nerve which comes off the plexus just inferior to the sciatic nerve). The 
peroneal portion of the sciatic is often injured more signifi cantly than the tibial, lead-
ing to relative preservation of plantarfl exion compared to dorsifl exion strength [ 4 ]. 

 Mechanism of injury to the sciatic nerve apart from the rest of the plexus could 
be due to stretch injury during prolonged second stage of labor, particularly in the 
lithotomy or “tailor” positions [ 16 ,  39 ]. There have been several case reports of 
sciatic neuropathy associated with piriformis muscle spasm or other pathology, and 
this etiology is a reasonable one to consider as a cause of sciatic neuropathy both in 
pregnancy and in postpartum patients [ 40 – 42 ]. Wong et al. [ 3 ] reported one patient 
with symptoms of sciatic neuropathy that started during pregnancy in addition to 
two patients with new symptoms after delivery. There have been a few case reports 
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of sciatic neuropathy presenting as foot drop after cesarean delivery [ 43 ,  44 ]. 
The proposed mechanism in each case was that the left lateral tilt position used 
 during surgery caused compression of the left gluteal structures and ultimately the 
sciatic nerve.  

    Obturator Neuropathy 

 Obturator neuropathy has been rarely reported as a potential intrapartum injury. 
Clinically, this lesion presents as pain and numbness along the medial thigh along 
with adductor weakness. Obturator lesions are uncommon because the nerve is rela-
tively protected within the deep pelvis and the medial thigh [ 45 ]. Both unilateral and 
bilateral neuropathies have been described in case reports [ 45 – 49 ]. Contributing fac-
tors to the development of intrapartum obturator neuropathy include compression by 
the fetal head or forceps as the nerve crosses the pelvic brim and prolonged time in 
the lithotomy position [ 3 ,  4 ]. The lithotomy position worsens the angulation of the 
nerve as it exits the obturator foramen [ 16 ]. Obturator neuropathies have also been 
described after cesarean delivery, and suggested mechanisms of nerve injury include 
stretching, compression by a retractor, or development of a hematoma [ 49 ]. One case 
has been reported of obturator neuropathy related to the development of a hematoma 
after an obstetric pudendal nerve block [ 5 ]. In the study by Wong et al. [ 3 ], only 3 out 
of 63 patients had symptoms of obturator neuropathy.  

    Common Peroneal Neuropathy 

 The common peroneal nerve is typically injured as it crosses superfi cially behind 
the fi bular head. Symptoms of common peroneal neuropathy include ankle dorsi-
fl exion and eversion weakness with numbness of the lateral lower leg and foot dor-
sum. The resultant gait is often described as a “slapping gait” as the foot hits the 
ground with an audible sound due to loss of dorsifl exion control. Plantarfl exion of 
the ankle is preserved. The common peroneal nerve is most often injured during 
delivery via direct external compression, either by inappropriate leg positioning in 
stirrups or during hyperfl exion of the knees with the mother’s hand on the lateral, 
upper aspect of the leg [ 3 ,  4 ,  50 – 52 ]. It has also been described secondary to squat-
ting during childbirth, a practice which is common in some parts of the world [ 53 ,  54 ]. 
The compression time required to cause nerve injury is variable and can be as short 
as a few minutes, therefore patients need to be encouraged to change position fre-
quently, and hand placement during the second stage of labor needs to be monitored 
[ 4 ,  54 ]. Wong et al. [ 3 ] identifi ed just 3 patients out of 63 who had symptoms con-
sistent with common peroneal neuropathy.  
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    Abdominal Wall and Groin Neuropathies 

 There is one reported case of thoracic lateral cutaneous neuropathy in pregnancy, 
which clinically caused severe disabling lower abdominal wall pain [ 55 ]. 
Iliohypogastric neuropathy in pregnancy has also been described, with symptoms of 
severe lower abdominal and groin pain [ 56 ]. Associated regional numbness is also 
possible. It has been proposed that the rapidly expanding abdominal wall causes a 
traction on the nerves as they exit between the planes of abdominal wall muscula-
ture [ 56 ]. Spontaneous iliohypogastric nerve entrapment has been estimated to 
occur in 1 out of every 3,000 to 1 out of every 5,000 pregnancies [ 57 ]. Ilioinguinal 
and genitofemoral neuralgia have not been explicitly described in pregnancy, but it 
is reasonable to assume they could occur via a similar mechanism. 

 Ilioinguinal, iliohypogastric, and genitofemoral neuropathies have been 
described in postpartum patients as well [ 57 ,  58 ]. The ilioinguinal and iliohypogas-
tric nerves are particularly susceptible to injury if a Pfannenstiel or low transverse 
incision is dissected too far laterally beyond the edge of the rectus abdominis mus-
cles [ 13 ,  58 ]. Damage can occur from direct injury to the nerves, incorporation 
during the fascial closure, suture entrapment, or as a result of scar tissue formation 
after the surgery [ 13 ,  58 ]. Neuroma formation is common after such nerve damage 
and can be a source of chronic pain [ 59 ]. Compression of the genitofemoral nerve 
can be caused by poor placement of self-retaining retractors [ 13 ]. The Pfannenstiel 
incision is a common source of chronic pain, with 12.3–33 % of all postsurgical 
patients reporting symptoms [ 58 – 60 ]. A study by Loos et al. [ 59 ] noted that one 
third of almost 900 patients with a Pfannenstiel incision after cesarean section 
reported chronic incisional pain 2 years later. Eight percentage of the patients in that 
study rated their pain as moderate or severe, leading to limitations in daily function-
ing. Ilioinguinal and/or iliohypogastric nerve entrapment was found in 53 % of the 
patients reporting moderate-to-severe pain. Risk factors for the development of ilio-
inguinal and iliohypogastric neuropathy after cesarean section include a wide inci-
sion beyond the borders of the rectus abdominis muscle, emergency cesarean 
delivery, and recurrent surgeries with Pfannenstiel incisions [ 59 ]. Overall incidence 
of ilioinguinal and/or iliohypogastric nerve injury after a Pfannenstiel incision has 
been estimated at 2–4 % [ 58 ,  59 ,  61 ].  

    Pudendal Neuropathy 

 Injury to the pudendal nerves during vaginal delivery has been well-reported in the 
literature, and pudendal neuropathy has been implicated as a possible contributing 
factor to new onset postpartum urinary and fecal incontinence [ 62 ,  63 ]. Pudendal 
neuropathy can also present with symptoms of sexual dysfunction, dyspareunia, 
and pelvic pain [ 64 ,  65 ]. The pudendal nerve and its terminal branches (the 
 inferior rectal nerve, the perineal nerve, and the dorsal nerve to the clitoris) are 
vulnerable to stretch or compression injury by the descending fetal head [ 65 ]. 
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The distal terminal branches can also be injured as a result of perineal lacerations. 
Using 3D computer modeling, Lien et al. [ 66 ] looked at maximum nerve strains for 
the terminal pudendal branches, defi ned as (fi nal length minus original length/origi-
nal length) × 100. They demonstrated that the inferior rectal branch which inner-
vates the external anal sphincter is the most affected, typically stretching well 
beyond the 15 % strain threshold known to cause permanent damage in appendicu-
lar peripheral nerves. They also found that the degree of perineal descent during the 
second stage of labor infl uences the strain on the pudendal nerve. 

 This modeling correlates well with what others have found regarding denervation 
injury to the sphincter and pelvic fl oor after childbirth. Allen et al. [ 67 ] recruited a 
group of 75 women who agreed to pudendal nerve terminal motor latency testing and 
needle EMG of the external anal sphincter at 36 weeks gestation and again at 2 
months postpartum. While pregnant, pudendal neurophysiology testing was normal, 
but EMG evidence of pelvic fl oor reinnervation potentials were seen in 80 % of the 
postpartum women. Women who had prolonged second stage of labor and larger 
babies were noted to have the most EMG evidence of nerve damage. Forceps deliv-
ery and perineal tears did not seem to affect the amount of damage seen. There was a 
correlation between the most signifi cant EMG fi ndings and the immediate postpar-
tum development of urinary and/or fecal incontinence. Women who had elective 
cesarean section delivery had EMG fi ndings comparable to antenatal values, but 
those who underwent cesarean section after a failed trial of labor had EMG evidence 
of reinnervation, implying that labor itself rather than delivery, per se, may play a role 
in the denervation damage sustained. Multiple other studies have also demonstrated 
high incidence of pelvic fl oor denervation injury after vaginal delivery, and have 
shown correlates to the development of postpartum urinary and fecal incontinence 
[ 63 ,  64 ,  68 – 70 ]. It has been hypothesized that pudendal nerve injury during childbirth 
may be one of many etiologic factors leading to the development of pelvic fl oor dis-
orders (including pelvic organ prolapse and incontinence) later in life [ 62 ,  71 ,  72 ].  

    Prognosis for Recovery from Neural Injury 

 By and large, most pregnant and postpartum patients with symptoms of lower 
extremity nerve injury will recover without treatment within a relatively short period 
of time after delivery. This is largely due to the fact that most of these injuries are 
predominantly demyelinating in nature, regardless of whether they are caused by 
compression, traction, or a combination of the two [ 3 ]. Wong et al. [ 3 ] reported that 
the median duration of symptoms in their study was 2 months, with a range from 1 
week to greater than 14 months (in 2 out of their 63 injured patients). Ong et al. [ 9 ] 
reported resolution within 72 h for a majority of the 45 patients in their study, and Dar 
et al. [ 7 ] found that symptoms usually resolve within 6 months time. Recovery of 
most cesarean-related lower extremity nerve injuries has also been shown to follow 
a similar time course. One study of neuropathies associated with gynecologic surgery 
reported that symptoms had resolved in 93 % of patients within 6 months [ 73 ]. 
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 There is not a lot of data as to whether pudendal, ilioinguinal, and iliohypogastric 
injuries recover at similarly rapid rates, in part because it can be clinically more dif-
fi cult to determine whether these nerves have fully healed. Postpartum patients may 
experience weeks to months of abdominopelvic pain and numbness regardless of 
whether a nerve injury occurred due to myofascial trauma and episiotomy and 
cesarean incisions. However, some of the studies reported earlier in this chapter 
seem to indicate the potential for these nerves to not heal as quickly or completely 
as injuries to nerves in the rest of the lumbosacral plexus. The ilioinguinal and ilio-
hypogastric nerves can be injured via transection during cesarean section or become 
entrapped in scar tissue, which would more likely lead to higher degree of axonal 
involvement [ 58 ,  59 ]. The pudendal nerves can also become entrapped in scar, and 
the smaller, distal terminal branches can be transected in situations where there is 
signifi cant high-grade perineal tearing. Certainly, most of the published postpartum 
pudendal nerve electrodiagnostic studies have indicated signifi cant axonal (as well 
as demyelinating) neural injury, indicating less potential for swift recovery [ 67 ,  68 ].  

    Diagnosis of Neural Injury 

 Because most symptoms resolve fairly quickly after delivery, the diagnosis of neural 
injury is largely clinical and should be based on history and physical examination. 
Any patient with postpartum complaints of lower extremity weakness, numbness, or 
pain should be thoroughly evaluated. Important aspects of the history include delivery 
details such as duration of the second stage of labor, pushing position, mode of deliv-
ery, the use of neuraxial anesthesia, and degree of perineal laceration [ 6 ]. It is impor-
tant to note whether any of the symptoms were present during pregnancy, as certain 
neuropathies like meralgia paresthetica may be present in mild form in pregnancy but 
then worsen considerably after delivery. Progression of symptoms is important to 
ascertain, because the symptoms of intrapartum injuries should be stable or improv-
ing over the initial hours to days after delivery. If symptoms are worsening, the patient 
may need to be evaluated emergently for infection, hemorrhage, or other obstetric 
comorbidities [ 6 ]. A thorough neurologic and musculoskeletal examination should be 
performed. It may be wise to consider obtaining XR imaging of the pelvis to rule out 
pubic symphysis or sacroiliac joint separation, coccyx fracture, or stress fracture in 
patients with signifi cant postpartum pelvic or hip pain in weight bearing, as the symp-
toms from these musculoskeletal complications can sometimes mimic neural injury. 

 If symptoms persist for longer than 3 weeks after delivery, NCS and EMG can 
be conducted to attempt to localize the lesion, determine degree of axonal involve-
ment and extent of denervation, and to look for signs of early reinnervation. NCS/
EMG can be an important prognostic tool. Electrophysiologic studies cannot be 
conducted prior to 3 weeks postpartum because Wallerian degeneration will take 
time to progress to the point where abnormalities can be seen using the needle elec-
trode at the level of the muscle [ 74 ]. If the patient has profound weakness immedi-
ately postpartum and axonal injury is suspected, it may be a good idea to obtain 
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NCS/EMG within a few days of delivery to establish the patient’s baseline neural 
function (as any abnormalities seen on such testing would be indicative of problems 
the patient had prior to delivery). NCS/EMG is considered safe in pregnancy. 

 In addition to the standard NCS/EMG studies typically conducted in the lower 
extremities, the pudendal nerve can be evaluated electrophysiologically via a num-
ber of different methods. Pudendal nerve terminal motor latency (PNTML) can be 
obtained through the use of a St. Mark’s electrode, with nerve stimulation at the 
ischial spine and recording of muscle contraction response at the external anal 
sphincter (see Fig.  6.2 ) [ 62 ]. The usefulness of PNTML has been questioned, as it 
has been shown to have a high rate of interobserver and intraobserver variability 
[ 75 ]. Needle EMG of the external anal sphincter or bulbospongiosus muscles can be 
performed, either with concentric needle electrodes or with single-fi ber electrodiag-
nostic technique [ 67 ]. The bulbocavernosus refl ex latency (BCRL) can also be 
obtained by stimulating at the clitoris [ 64 ]. Electrodiagnostic testing for pudendal 
neuropathy may be less well-tolerated than standard NCS/EMG of the extremities.  

 NCS/EMG has minimal diagnostic value for predominantly sensory neuropa-
thies (lateral femoral cutaneous, genitofemoral, ilioinguinal, iliohypogastric), 
because EMG testing is only available for motor nerves, and the NCS responses for 
these sensory nerves are often extremely diffi cult to obtain. Diagnostic nerve blocks 
are a potentially good option for the diagnosis of painful sensory neuropathies. 
A positive response to infi ltration of a local anesthetic around a purely sensory 
nerve is thought to be a reliable indicator of etiologic correlation, and techniques 
for  performing diagnostic blocks of the lateral femoral cutaneous, ilioinguinal, 
 iliohypogastric, and genitofemoral nerves have all been described [ 76 – 78 ]. It is 
always preferable to use ultrasound, pulsed radiofrequency, or CT guidance for 
 better accuracy when performing these diagnostic injections. Diagnostic pudendal 
nerve blocks have also been described, but it is less clear that a positive response is 
defi nitively correlated with true pudendal pathology [ 79 ]. Pudendal nerve blocks 
should always been done under CT guidance for accuracy [ 75 ]. 

  Fig. 6.2    A St. Mark’s 
electrode, used for PNTML 
testing. With kind permission 
from Springer Science +
Business Media: Vaginal 
Surgery for Incontinence and 
Prolapse, Neurophysiologic 
Testing, 2006, p 68, Kenton 
K., Fig. 6.2       
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 Imaging of neural injury will also be discussed in Chap.   3     of this text. 
Neuromuscular ultrasound is one possible imaging modality that can be used. Nerve 
injury most typically appears as focal enlargement of the nerve, often just proximal 
to the site of entrapment if such an entrapment exists [ 80 ]. Sonographic evaluation 
of neuropathy has been described for the common peroneal nerve at the fi bular head, 
the lateral femoral cutaneous nerve, and the sciatic nerve, among others [ 80 – 82 ]. 
Ultrasound, in general, is not particularly useful for evaluating nerve injuries about 
the hip and pelvis, because these nerves are typically too deep to allow for long seg-
ment exploration and good visualization [ 83 ]. 

 Traditional MRI sequence protocols are not especially sensitive for neural injury, 
but with appropriate spatial resolution certain types of nerve pathology, particularly 
involving the larger nerves, can be readily seen [ 83 ]. MR neurography technology, 
however, is rapidly becoming recognized as one of the most effective diagnostic 
tools for nerve injury, and is thought to be far superior for nerve visualization than 
standard MRI [ 42 ,  84 ]. MR neurography of the lumbosacral plexus is especially 
valuable because it is able to show injury to the small nerves within the abdominal 
wall and deep pelvis for which there are few reliable electrophysiologic testing 
options available. MR neurography can also readily demonstrate a proximal demy-
elinating lesion within the lumbosacral plexus, which would likely have normal or 
minimally abnormal NCS/EMG fi ndings. Another advantage of MR neurography is 
that abnormal appearance of the pathologic nerve can be visible within hours of 
injury. Figure  6.3  is an axial MR neurography image of an axonal left sciatic neu-
ropathy in a patient who is 3 months postpartum.   

  Fig. 6.3     Arrow  on  left . Normal right sciatic nerve. Isointense and without prominent visible fas-
cicles.  Arrow  on  right . Abnormally enlarged left sciatic nerve, which appears hyperintense. Note 
the nerve fascicles which are clearly visible. Image courtesy of Dr. Avneesh Chhabra of UT 
Southwestern Medical Center       
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    Treatment of Neural Injury During Pregnancy 
and in the Postpartum Period 

 Patients with neural injuries during pregnancy and postpartum can be reasonably 
assured that their expected prognosis and long-term functional outcomes should be 
quite good. Most patients with mild symptoms will not require any treatment. 
However, for a pregnant woman or a new mother with an infant to care for, even a 
few months of signifi cant neurologic defi cit and pain can be a real challenge. 
Supportive treatments can provide comfort and increase safety until nerve recovery 
has been achieved. 

 Physical therapy should be a mainstay of treatment for any pregnancy or 
 postpartum neuropathy with motor involvement [ 2 ]. As with any neuropathic injury, 
the focus of therapy will likely include increasing strength, endurance, and fl exibil-
ity, improving balance and coordination, and ensuring that the patient understands 
the appropriate way to biomechanically compensate for their neurologic defi cits 
until recovery can be attained. Some patients may benefi t from assistive devices or 
orthotics to help them to ambulate safely as healing progresses. Any patient with 
signifi cant foot drop should be evaluated for an ankle-foot orthosis (AFO) to 
decrease risk of falls (see Fig.  6.4a ) [ 6 ]. Patients with femoral neuropathies and 
lumbosacral plexopathies may also have weakness of the quadriceps which can 
result in knee buckling during ambulation. These patients may benefi t from a sup-
portive knee brace or even a knee-ankle-foot orthosis (KAFO) in extreme cases (see 
Fig.  6.4b ). Some patients may have to use a cane or a walker to ambulate safely until 
strength returns. The physical therapist can help the patient to learn to use the adap-
tive equipment effectively.  

 The specifi cs of medication prescription for pregnant and lactating women are 
discussed in Chap.   14    . For pregnant women with neuropathic pain (most often due 
to meralgia paresthetica), there are limited options for effective pain control. Tylenol 
and topical lidocaine patches or creams, and capsaicin can be tried as they are all 
pregnancy class B. Neuropathic pain medications are typically pregnancy class C or 
D. These should be used with caution and only with the expressed approval of the 
patient’s obstetrician for a patient with severe symptoms. Opioid medications 
should generally be avoided. Corticosteroids are pregnancy class C, but are  routinely 
given to hasten fetal lung maturity in patients at risk for preterm labor [ 85 ]. A short 
course of low dose oral steroids may be helpful for severe pain symptoms, but again 
this needs to be discussed with the patient’s obstetrician. Most pregnant women 
with meralgia paresthetica are comforted simply by being told that the symptoms 
should resolve after delivery and will not desire any treatment. 

 For postpartum patients, there are many neuropathic pain medications available 
such as gabapentin, pregabalin, duloxetine, venlafaxine, amitriptyline, and nortripty-
line. Lactating mothers may want to use caution in deciding whether to treat their 
pain with these medications, because potential risks to the infant have not been well 
established for most of these medications. Compounded neuropathic pain creams are 
being prescribed more frequently in recent years. These creams often consist of a 
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mixture of various neuropathic medications (gabapentin, amitriptyline), but the key 
ingredient is typically ketamine at a concentration of 5–10 % [ 86 ,  87 ]. Other addi-
tives to the creams may include muscle relaxers such as baclofen or cyclobenzaprine 
and local analgesics like tetracaine. There is minimal data on the effectiveness of 
neuropathic pain creams—of the two randomized, placebo-controlled, double-blind 
trials which have been conducted, one showed a benefi t and the other did not [ 88 , 
 89 ]. Systemic absorption is thought to be low and side effects are typically minimal. 
A short course of oral corticosteroids (such as a tapered dosing of methylpredniso-
lone) may be an option to consider for severe pain. It is important to remember that 
steroids can impair wound healing and affect the immune system and hypothalamic-
pituitary-adrenal (HPA) and hypothalamic-pituitary-gonadal (HPG) axes [ 90 ]. 

 There have been a variety of interventional treatments described for painful sen-
sory neuropathies derived from the lumbosacral plexus. Most of what has been 
reported has been in the form of isolated case reports or retrospective case series; 
there have been very few prospective studies to date. Therapeutic injections of cor-
ticosteroid mixed with local anesthetic, delivered either as a single intervention or 

  Fig. 6.4    ( a ) An ankle-foot 
orthosis (AFO). ( b ) A 
knee-ankle-foot orthosis 
(KAFO)       
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as an injection series, have been reported to be helpful for lateral femoral cutaneous, 
ilioinguinal, iliohypogastric, genitofemoral, thoracic lateral cutaneous, and puden-
dal neuropathies [ 75 – 78 ,  91 ]. As with diagnostic injections, therapeutic injections 
should ideally be performed under ultrasound or CT guidance. Some such injections 
have even been reported as successful and low risk in pregnant patients, when done 
by an experienced practitioner with proper ultrasound guidance and with the con-
sent of the patient’s obstetrician [ 55 ,  56 ,  92 ]. Sciatic neuropathy has been reportedly 
treated with perisciatic injections, transsacral blocks, or piriformis muscle trigger 
point or botox injections [ 93 – 96 ]. Radiofrequency ablation and pulsed radiofre-
quency treatments for some of these nerves have also been described [ 97 – 99 ]. There 
is one case report of alcohol denaturation of the lateral femoral cutaneous nerve 
[ 100 ]. There have been a few descriptions of successful treatment of ilioinguinal or 
pudendal neuropathic pain via neuromodulation either at the level of the spinal cord, 
sacral plexus, or of the individual nerves themselves, but at this time neuromodula-
tion has not been studied extensively enough to recommend its use in this patient 
population [ 101 – 104 ]. A therapeutic trial should always be conducted to assess for 
effectiveness before proceeding with the implantation of a neurostimulator. 

 Surgery can be an effective solution in some cases, particularly for chronic lateral 
femoral cutaneous, ilioinguinal, iliohypogastric, and genitofemoral neuralgia [ 58 ,  76 , 
 105 – 107 ]. Two main surgical approaches have been described. Neurolysis involves 
the release of the nerve sheath and the breaking up of perineural adhesions while 
leaving the nerve itself intact. Neurectomy is also known as nerve resection or tran-
section. Some have reported that neurectomy is preferable to neurolysis for the 
 treatment of the cutaneous sensory nerves listed above, as the risk of long-term recur-
rence is lessened [ 105 ]. Rates of complete or moderate pain relief after neurolysis or 
neurectomy for the lateral femoral cutaneous, ilioinguinal, iliohypogastric, and geni-
tofemoral nerves have been reported in the range of 66–100 % of patients [ 58 ,  105 – 107 ]. 
Surgical exploration and neurolysis has also been described for the sciatic, femoral, 
and common peroneal nerves with good treatment outcomes in terms of improved 
pain control as well as improved motor function and sensation [ 108 – 111 ]. 

 Various approaches have been described for decompression of the pudendal 
nerve in cases of entrapment [ 75 ]. Outcomes for pudendal decompression surgeries 
have not been uniformly good. Short-term improvement of some degree has been 
seen in 50–70 % of patients after 3–12 months, but 50–66 % of all patients undergo-
ing surgery have no long-term benefi t [ 112 ,  113 ]. Appropriate patient selection and 
a high level of surgeon experience seem to be the keys to successful outcomes with 
higher satisfaction rates [ 65 ]. Hibner et al. [ 65 ] anecdotally reported that 70 % of 
their pudendal neuropathy patients have improvement of neuropathic symptoms 
after transgluteal decompression, although they also stated that many of these 
patients are still left with pelvic fl oor myofascial pain after surgery. There are many 
etiologies of pelvic pain which can mimic the symptoms of pudendal neuropathic 
pain, including inferior cluneal neuralgia, pelvic fl oor myofascial pain, and primary 
urologic, gynecologic, and anorectal pathologies. Patients with these conditions, 
with or without comorbid pudendal neuropathy, might not be expected to do as well 
with surgical decompression of the pudendal nerve.  
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    Conclusion 

 Neural injury to the lumbosacral plexus and its terminal branches during pregnancy 
and childbirth is an infrequent complication, with the exception of pudendal neu-
ropathy which seems to be quite common after vaginal delivery. More research is 
needed to clarify ways to further reduce the incidence of these injuries. Some data 
suggest that potential benefi t might be derived by reducing the amount of time spent 
in the second stage of labor and specifi cally in the semi-Fowler lithotomy position, 
limiting the extent of perineal descent during the pushing phase, reducing the inci-
dence of instrumented deliveries, and using care with surgical technique during 
cesarean delivery [ 3 ]. Maternal neuropathies typically improve signifi cantly within 
months of delivery, and prognosis is generally very good. Diagnosis and treatment 
options are available for those patients with more severe neural injury.    
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