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Abstract
Introduction: The pathoetiology and treatment of levator ani syndrome (LAS) remains unclear.

Methods: We evaluated pathophysiology using translumbosacral motor evoked potentials (MEP),
and anorectal manometry in LAS patients and compared with healthy controls. A cohort
underwent Translumbosacral Neuromodulation Therapy (TNT).

Results: Lumbar and sacral MEP latencies were prolonged in 32 LAS patients compared to 31
controls (p<0.013), with higher prevalence of anal neuropathy (p=0.026). TNT improved anorectal
pain (p=0.003), and neuropathy (p<0.02) in 13 LAS patients.

Conclusions: LAS patients demonstrate significant lumbo-sacral neuropathy that may cause
anorectal pain. TNT improved anorectal pain and neuropathy, providing a novel therapeutic
option.
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Levator ani syndrome (LAS) is characterized by chronic, recurrent, anorectal pain, typically

described as “heavy pressure”, or sharp or “sitting on a golf ball” like sensation, with a

prevalence of 6%!. Its etiology is unknown, although levator ani spasm, anal hypertonia,
dyssynergic defecation! and prior pelvic surgery have been implicated’. Whether patients
with LAS have an underlying neuropathy or anorectal sensorimotor dysfunction(s) or altered
morphology has not been systematically assessed. Further, there are no effective treatments

for LASL

We aimed to evaluate the pathophysiologic role of lumbosacral neuropathy and/or anorectal

sensori-motor dysfunction in LAS patients. Also, we performed an exploratory trial of

translumbosacral neuromodulation therapy (TNT) based on observations that TNT improved

neuropathy in patients with fecal incontience?.

Methods

Consecutive patients with LAS (Rome 111)3 and health controls were evaluated over 10

years, and included in this retrospective case-control study. All patients and controls had
detailed digital rectal examination?, neurophysiological evaluation using Translumbosacral

Anorectal Magnetic Stimulation (TAMS) test®, anorectal sensori-motor evaluation with
anorectal manometry and balloon expulsion test® and anal ultrasound. Subsequently, a
cohort of LAS patients who had failed standard treatment approaches were enrolled in
an open labeled, proof of concept trial of TNT therapy?. The study was approved by

Augusta University Institutional Review Board (1323091). Information regarding inclusion
and exclusion criteria, study protocols, measurements, and statistical analysis are provided in

supplementary section.
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Demographics

Thirty-two LAS patients and 31 healthy controls participated. Demographic features are
summarized in Supplement Table 1. Only 22/31 controls underwent anorectal physiology.
Digital rectal examination reproduced pain in one or more levator ani muscle quadrants,
but the most painful quadrant varied across subjects (Supplement Table 1). The mean

pain severity score in each of the 4 quadrants was similar, although slightly more severe
posteriorly (p>0.05). A cohort of 13 patients (48.6 + 1.7 years, F/M=9/4) received a median
number of 6 TNT treatment sessions (range 2 — 8).

Lumbar and sacral plexus neurophysiology

Bilateral translumbo-anal and translumbo-rectal, transsacro-anal and transsacro-rectal MEP
latencies were significantly prolonged in LAS patients than controls (p<0.013, Table 1,
Fig.1A). Neuropathy was patchy, on average involved 3.4/8 loci. Anal neuropathy (84.4%)
was more prevalent (p=0.026) than rectal neuropathy (59.4%).

Anorectal manometry

LAS patients had lower maximum and sustained squeeze pressures than controls (p<0.0001,
Table 1). Anal residual pressure was higher (p=0.002), and defecation index was lower
(p<0.0001) in LAS patients than controls suggesting dyssynergia. Balloon expulsion time
was prolonged in LAS patients than controls (p=0.006). Eleven (34.3%) patients met criteria
for dyssynergic defecationl. Rectal sensory thresholds were similar between groups.

Anal endosonography

The proportion of LAS patients with external anal sphincter (EAS) and internal anal
sphincter (1AS) defects were comparable to controls (Supplement Table 1). The thickness of
puborectalis was minimally higher (p<0.023) than controls, but IAS and EAS were similar
(Supplement Table 1).

Effects of TNT

Thirteen patients, with a mean pain severity score of 7.9/10 participated. (Supplement

Fig. 1). After TNT, pain scores improved significantly (7.9 £ 0.5 vs. 3.0 £ 0.7, p=0.003)
(Supplement Fig. 1). Overall, 10/13 (76.9%) patients reported =30% improvement and 9/13
(69%) had =50% improvement and 3 had complete resolution. Although stool consistency
improved (p=0.028), other bowel symptoms were unchanged (Supplement table 2). Baseline
MEP latencies were prolonged in LAS patients compared to controls (p<0.004, Table 2).
After TNT, the bilateral lumbo-anal and sacro-anal MEP latencies significantly improved
(p<0.01, Table 2, Fig. 1B,C), with normalization of MEPs in 5 subjects. TNT was well
tolerated, without adverse events.

Discussion

We found that patients with LAS demonstrated bilateral lumbar and sacral plexus
neuropathy that affected the anal region more commonly than the rectal site. Further,
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in a pilot study TNT improved anorectal pain together with improvement in neuropathy.
These findings suggest that a neuropathophysiological dysfunction could be an underlying
mechanism for anorectal pain in LAS.

The innervation of the levator ani muscle is complex involving both the autonomic and
somatic nerves’. The autonomic nerves arise from the inferior hypogastric plexus (S1-S4
ganglion), the pelvic splanchnic nerves (S1 to S4), and the hypogastric plexus lumbar
splanchnic nerves (L2-L4) 7. The somatic innervation includes the pudendal nerve (S2-S4)’
and the levator ani nerve (S3, S4)7. Here, we used translumbosacral anorectal magnetic
stimulation (TAMS) test, as it provides a comprehensive assessment of the entire spino-
anorectal nerve innervation and thereby provide mechanistic insights regarding the complex
neurophysiology in LAS®. The prolonged bilateral, translumbo-anorectal, and transsacro-
anorectal MEP latencies suggest that lumbosacral neuropathy could be a significant
mechanism for anorectal pain in LAS patients.

Previous studies have suggested that the pathophysiology of LAS may involve anal
hypertonia, levator ani spasm, and dyssynergic defecation’. We found that anal sphincter
pressures were lower than healthy controls suggesting that anal hypertonia is unlikely. Rectal
hypersensitivity is also unlikely as the rectal sensory thresholds were similar to controls.
Thicker anal sphincters have been suggested anecdotally?, but anal sphincter thickness was
similar to controls. We found dyssynergic defecation in 34.3% of LAS patients, unlike 87%
as reported previouslyl, possibly due to differences in geographic prevalence or testing
methods.

Current treatments for LAS remain unsatisfactory. Uncontrolled studies suggest that sitz
baths, muscle relaxants, diathermy, tricyclic antidepressants, and sacral nerve stimulation
(SNS) may be helpful®. A randomized controlled study showed that biofeedback therapy
was more effective than electrogalvanic stimulation and anorectal massage and sitz baths?.
Two retrospective studies of botulinum toxin showed short term relief in 43%-56% of
patients, but a randomized double blind trial showed that it was ineffective®. Vaginal
diazepam was also ineffectivel4. These observations suggest that relieving levator ani spasm
is ineffective and that a myopathy is less likely in the pathogenesis of pain in LAS.

In contrast, three small case series showed improvement of pain with sacral nerve
stimulation (SNS)19-12  although postoperative complications including infection, pain, and
device replacement were observed!®-12, Nevertheless, neuromodulation may be helpful.

Our pilot study with TNT showed significant improvement of anorectal pain in 76.9% of
patients along with improvements in the lumbar and sacral plexus neuropathy. This suggests
that neuromodulation therapy, a noninvasive outpatient procedure that is safe and well
tolerated may be useful in LAS patients.

Our study limitations include assessment of a small number of LAS patients. Also, although
all healthy subjects had TAMS test, they were younger and some did not have manometry,
limiting the interpretation of anorectal sensori-motor physiology. However, unlike other
studies, we used Rome 111 criteria and examined a well characterized group of patientsS.
Also the treatment assessment was short-term, and its durability is unknown.
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In conclusion, our study reveals that patients with LAS demonstrate significant lumbar and
sacral plexus neuropathy associated with anorectal pain. TNT improved anorectal pain, and
lumbosacral neuropathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline Post-Treatment

Healthy control

N1

Figure 1.
Typical MEP responses from a healthy subject (A) and baseline (B) and post-TNT treatment

(C) in a patient with levator ani syndrome showing significant decrease in the P1 latency
time, and suggesting improvement in the lumbosacral neuropathy.
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Motor evoked potential (MEP) latencies and the prevalence of neuropathy at each site and anorectal
sensorimotor findings in levator ani syndrome (LAS) patients and healthy controls. (Mean + SEM)

Table 1.

[ Las(=22) |

Healthy controls (n=31) p

Neurophysiology assessment with MEP latencies and prevalence of neuropathy

Latency Neuropathy % Latency
Lumbar
Left-lumbar anal (ms) 57+04 62.5% 3.4+0.1 <0.001
Right-lumbar anal (ms) 54+04 56.3% 34+0.1 <0.001
Left-lumbar rectal (ms) 3.8+0.3 31.3% 29+0.1 0.013
Right-lumbar rectal (ms) 39+0.3 18.8% 32+0.1 0.149
Sacral
Left-sacral anal (ms) 6.0+0.1 56.3% 3.0+0.1 <0.001
Right-sacral anal (ms) 52+0.3 62.5% 31+01 <0.001
Left-sacral rectal (ms) 39+0.3 21.9% 29+0.2 0.001
Right-sacral rectal (ms) 39+0.3 28.1% 3.0+£0.1 0.005
Anorectal physiology LAS (n=32) Healthy controls (n=22) p
Anorectal pressure
Anal resting pressure (mm Hg) 78.7+5.3 93.0+5.0 0.09
Maximum squeeze pressure (mm Hg) 155.1+125 261.1+116 <0.0001
Sustained squeeze pressure (mm Hg) 942+6.9 146.0 £ 8.7 <0.0001
Rectal straining pressure (mm Hg) 52.8+3.6 67.1+£58 0.05
Anal residual pressure (mm Hg) 79.2+5.8 51.9+47 0.002
Defecation index 0.7+£0.1 1.7+03 <0.0001
Rectal sensory thresholds
First sensation (ml) 19.0+33 20017 0.067
Constant sensation (ml) 61.6 +10.4 60.9+6.3 0.324
Desire to defecate (ml) 1144 +133 107.7+ 104 0.78
Urge to defecate (ml) 190.0 + 14.8 1745+ 14.0 0.649
Maximum tolerable volume (ml) 220.1+148 2411+ 147 0.314
Balloon expulsion time (s) 91.4+215 289+9.4 0.006
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The bilateral lumbar and sacral MEPs in healthy controls compared with these at baseline and post treatment
from a cohort of LAS patients who underwent Translumbosacral Neuromodulation Treatment. (Mean + SEM)

LAS patients p p
Healthy controls (n=31) Baseline (n=13) | Post-Treatment (n=13) (LI(')AI’1?I’\(/)|S T: ZQ{;Z%?

Lumbar

Left-lumbar anal (ms) 3.4+0.1 6.6 0.6 33+0.3 <0.001 0.002
Right-lumbar anal (ms) 34+01 6.4+0.5 36+0.3 <0.001 0.003
Left-lumbar rectal (ms) 29+0.1 34103 31+0.2 0.123 0.433
Right-lumbar rectal (ms) 32+01 39+04 32+0.2 0.080 0.209
Sacral

Left-sacral anal (ms) 3.0+0.1 6.7+1.0 40+0.3 <0.001 0.002
Right-sacral anal (ms) 31+0.1 52+0.5 3.7+0.3 <0.001 0.01
Left-sacral rectal (ms) 29+0.2 42+04 33+04 0.001 0.021
Right-sacral rectal (ms) 3.0+£0.1 3.8+0.3 3.6+04 0.004 0.477
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