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Inguinal Hernia Causes Traumatic Neuroma 
ABSTRACT

PURPOSE:
Establishing the existence of traumatic neuroma, and defining patterns of nerve involvement in primary inguinal hernia repair. 

METHODS:  

A retrospective chart review of 100 consecutive primary inguinal hernia repairs by Lichtenstein technique with frequent illioinguinal nerve removal were reviewed. Nerves suspected of containing a neuroma had been sent for histological examination. Objective clinical parameters and nerve pathology reports were reviewed. An independent biostatistician reviewed the data.

RESULTS:
There were 34 traumatic neuromas in these primary inguinal hernia repairs. The most affected nerve in primary repair was the ilioinguinal nerve; accounting for 88% of the neuromas. The neuromas occurred mainly at the external oblique neuroperforatum – where the nerve pierces the external oblique fascia, accounting for 83% in primary repair. The only clinical parameter with statistical significance was hernia laterality (p-value = 0.04), 46% of the patients who had a hernia on the left also had a neuroma.
CONCLUSION:
The overall incidence of traumatic neuroma was confirmed in 34% of primary inguinal hernia repairs. The ilioinguinal nerve was most commonly affected in these primary inguinal hernia repairs, and was most likely to occur at the external oblique neuroperforatum. 

BACKGROUND:  
Reducing postoperative pain is a primary goal in inguinal hernia repair [1]. The incidence of chronic post herniorrhaphy pain is estimated between 12% and 30% in open and laparoscopic repair  [1, 2, 3]. The etiology of this pain is poorly understood; although, inflammatory, neuropathic, and nociceptive pain pathways seem to be involved [4]. The surgeon incurs liability because it has been postulated and presumed that the hernia repair causes chronic post herniorrhaphy pain [4, 5]. In Lichtenstein repair recent data suggests that routine removal of the ilioinguinal nerve can decrease the incidence of postoperative pain [6, 7, 8]. In patients suffering from chronic post herniorrhaphy inguinal pain, removal of the ilioinguinal, iliohypogastric, and genitofemoral nerves has been reported to eliminate pain in 72%-95% patients [9, 10]. 

Traumatic neuroma has been reported in 6% of patients with post herniorrhaphy pain [9]. To our knowledge there are no published reports describing the histology of resected nerves in primary herniorrhaphy. Furthermore, there are no reports describing primary traumatic neuroma in association with the first inguinal hernia repair. If present, traumatic neuroma should alter our understanding of the pathways involved with post herniorrhaphy inguinal pain, and potentially change the cause and effect paradigm, since many hernia patients present with inguinal pain. 
This study investigated the occurrence of inflamed nerves, which we characterized as traumatic neuroma, in primary inguinal hernia repair. We hypothesize that the anatomical distortion of the hernia can stretch and/or compress nerves resulting in the formation of traumatic neuroma. Therefore, we predict that traumatic neuroma can be demonstrated to occur commonly in primary inguinal hernia repair. 

METHODS:
Retrospective chart review of 100 consecutive anterior inguinal hernia repairs by the technique of Lichtenstein was undertaken in a community based private practice where 25% of all surgeries are hernia repairs done by a general surgeon. Billing codes 49505 and 49507 were actively sought for chart recognition to identify patients for the study. Once the charts were obtained pathology reports were reviewed to confirm the occurrence of neuroma found in patients.

Patient data were collected by chart review, including sex, age, ASA class, body mass index, hernia laterality, and hernia classification (direct, indirect, or pantaloon).  Subjective description of pain intensity, pain duration, and hernia duration were also collected in the patient’s own words without utilization of a pain scale.  Labor and Industry cases were flagged.  Operative reports were examined to distinguish which nerves were identified, which nerves were resected, and for what reason. Nerve resection was discussed with patients pre-operatively, and was included in the operative consent form, and because all patients were consented in one practice this study was excluded from the Institution Review Board.

Operative technique included open anterior Lichtenstein repair, which is well described elsewhere. However, due to prospective randomized studies the surgeon frequently modified the traditional Lichtenstein repair to include the removal of the ilioinguinal nerve. This surgeon utilizes medium weight mesh and polypropeline suture. Rather than identification of the ilioinguinal nerve and avoidance of dissection as had been taught, the ilioinguinal nerve was fully dissected throughout the inguinal floor, paying particular attention to where the nerve pierces the external oblique fascia. Resection of the ilioinguinal nerve at the internal oblique muscle was liberally preformed. If the iliohypogastric or genitofemoral nerve appeared damaged they were removed. In some, dissection of the ilioinguinal nerve beyond the piercing site of the external oblique fascia to its trifurcation site in the high scrotum was done as well. The term “neuroperforatum” indicates the site of nerve penetration of the external oblique fascia. Frequently this is at the external inguinal ring, but may be medial to the external inguinal ring as well (See fig I).
A neuroma was identified grossly as a nerve with a diameter twice the normal nerve size or greater, and with whitish discoloration (See fig II). In severe cases the neuroma felt more like a vas deferens.  If a nerve was felt to contain a neuroma the nerve was divided distally near the scrotum and then dissected proximally to its penetration site through the internal oblique muscle.  At that site Depo-Medrol was injected (40 mg) in the muscle beside the nerve, and the nerve was sharply divided under tension to allow retraction of the nerve into muscle. The ilioinguinal nerve was sought and dissected in most repairs, and was liberally resected as well. Only the nerves suspected of containing a neuroma were sent to the pathologist. Both the iliohypogastric and the genitofemoral nerve were identified and resected in some repairs, but were not actively sought in all repairs. Normal appearing nerves were selectively removed, and none were sectioned. All nerves appearing damaged were sent to a board certified pathologist for histological examination.  

An independent biostatistician performed a statistical review by utilizing Chi-Squared, Fisher’s exact test, Linear Regression, and calculating confidence intervals for nerve involvement and neuroma presence to make a predictive model for neuroma. Calculations were made based on the presence or the absence of a neuroma with respect to each documented variable (Age, Sex, Hernia Type, etc.). Multiple nerves may have been taken out during one repair, but each nerve was accounted for separately because the pathology reports were done on each individual nerve. Therefore, even though the genitofemoral and ilioinguinal nerve may have been taken out of one patient at the same time, neuroma presence was determined for each nerve separately. However, because the number of nerves taken out was not consistent for every repair, the independence assumed with each variable in the calculations used for p-values is violated. Nevertheless, calculations for p-values were still done to describe the significance and trends in our data.
RESULTS: 
There were 100 hernia repairs in 90 patients, and during the repairs 35 neuromas were suspected and resected. The patient demographic consisted mainly of white males, with a BMI range of 25-35, and in the outpatient setting (See Tables I & II). 
A total of 84 nerves (73 ilioinguinal, 9 genitofemoral, 2 iliohypogastric), from 300 total nerves, were removed and documented during the primary repairs for various reasons, with 34 confirmed neuromas. In other words, 11% of the total nerves possible were affected, and 34% of all repairs had confirmed neuromas. The most affected nerve was the ilioinguinal nerve, and it accounted for 30 out of 34 neruomas (88%) (See Table III). The neuroma locations were, the external oblique neuroperforatum (83%), at the distal nerve bifurcation site (11%), trifurcation site (3%), and in the Hesselbach’s Triangle (3%) (See Table IV). One suspected neuroma was identified as “normal” by the pathologist, so the surgeon was able to accurately predict a neuroma in 34 out of 35 suspected neuromas. There was a 47% incidence rate of neruoma in repairs with a pantaloon hernia, which was higher than the 32% and 30% incidence rates for indirect and direct hernias, respectively (See Table II). Neuromas were twice as common on the left side of the body than the right (46% vs. 23% respectively, p-value = 0.04). From our data we can say with 90% confidence that the probability of a patient with an inguinal hernia also having nerve damage is between 30-46%. We can also say with 99% confidence, that the ilioinguinal nerve will be involved if a hernia patient has a neuroma.
DISCUSSION:
Inguinal hernia appears to be associated with nerve damage, and in this study neuroma was confirmed in 34% of primary inguinal hernia repairs. This has not previously been described and may represent a paradigm shift in the understanding of preoperative and postoperative pain in inguinal hernia repair, and leaves many questions unanswered and much research to be done.

The best-described comparable model to begin with is localized interdigital neuritis or Morton’s Neuroma [11, 12].  The third common digital branch of the medial plantar nerve is damaged between the second and third metatarsal. Stretch and compression injury are frequently associated with the bifurcation site of the medial plantar nerve.  This painful condition can be treated with orthotics, steroid injections, or resection.  Resection is successful in 72%-93% of patients and is a recognized standard form of therapy pursued by podiatrists and is not a condition that most general surgeons have encountered. Pathologically, the basic neural architectural features are preserved with epi- and perineurial fibrosis, vascular hyalinization, mucinous degeneration, and edema.  Elastofibrosis and collagen nodules are a late feature. By light microscopy, Morton's-type neuromas show fibrotic, proliferative, and inflammatory changes, with edema. 
Anatomical distortion in inguinal hernia causes stretch of the ilioinguinal nerve and compression occurs at the external oblique neuroperforatum. In our data this is the most frequent site of neuroma occurrence, but it may also occur at the nerve trifurcation or bifurcation sites, as seen in Morton’s Neuroma. By light microscopy, inguinal neuroma shows fibrosis (See Fig III), and edema (See Fig IV) as described with Morton’s neuroma, and shows fragmentation (see Fig V) as well. Baseline data needs to be collected in correlation between pain and histological finding, which was beyond the scope of this pilot study. As with Morton’s neuroma, neuritis may be a more accurate term histologically. 
Lichtenstein repair is associated with a 12% incidence of chronic post herniorrhaphy pain [1], and is suspected of being related to greater nerve dissection, and exposure of the three nerves (iliohypogastric, ilioinguinal, and the genital branch of the genitofemoral nerve) to mesh. The thickness of mesh has been implicated by some, as well as direct nerve damage and suture injury to the nerve [1, 5]. These are all postulated as technical causes of chronic postoperative pain. Inflammatory pain can result from chronic inflammation [4].  Neuropathic pain can result from direct nerve injury, suture compression, or mesh erosion.  Recent reviews have pointed to all repair techniques as being the cause of chronic post herniorrhaphy pain, opening the door to litigation.

Attempts to decrease chronic post herniorrhaphy pain in the Lichtenstein repair have led three authors to recommend routine ilioinguinal nerve lysis. Two authors led prospective randomized studies, one decreased pain from 28% to 8%, and the other decreased pain from 21% to 6% [7,8]. The third author led a retrospective study, which decreased pain from 26% to 3% [6]. However, another series shows no pain improvement, but no worsening of pain either, which suggests that no harm is being done by ilioinguinal nerve removal [13]. Alferi Et al in a prospective multi-centric Italian study showed a 40% incidence rate of pain if all three nerves were removed, indicating that more may not be better [14]. In light of our new findings regarding the baseline presence of traumatic neuroma in the ilioinguinal nerve, selective ilioinguinal nerve lysis has a rational pathological basis. 

Inguinal three-nerve lysis is also pursued to cure chronic post herniorrhaphy inguinal pain with a high degree of success between 88–100% [9, 10].  The study done by J.A. Madura et al. reported the occurrence of neuroma at 6% [9], but their dissection was limited to the lateral segments of these nerves, avoiding the hernia repair itself. The external inguinal ring and external oblique neuroperforatum, where the de novo neuroma was most likely to occur in our data, was not dissected in the cited studies.
The finding of a neuroma indicates pre-existing damage, which cannot be expected to spontaneously heal upon hernia repair. The five previously mentioned studies indicate several reasons that justify the practice of routine removal of nerves demonstrating a neuroma [6, 7, 8, 9, 10]. There is a relatively high rate of chronic postoperative pain with retaining an intact nerve. However, the removal of the ilioinguinal nerve did not increase pain, and routine removal of the ilioinguinal nerve alone decreased pain in most studies. 

Identification of a neuroma requires more operative time to dissect the ilioinguinal nerve throughout its course, identify its branch points, and specifically identify where it pierces the external oblique fascia and the distal branch point beyond the external inguinal ring. This is in direct contradiction to instructions for surgeons to minimally dissect the nerve to prevent postoperative pain [5]. Fusiform thickening of the nerve with white fibrosis identifies the neuroma.  Resection of a nerve two times the normal diameter will routinely result in pathologic findings confirming a neuroma.  In severe forms, a short segment of the nerve may feel more like a vas deferens.  
Neuroma resection is a billable CPT code (64774).  This billing is warranted by the additional dissection and operative time, as well as with the demonstration of additional pathology. Two prospective randomized studies [7,8] imply the nerve resection to be therapeutic because it has shown to decrease pain. The neuroma should also be sent for histological confirmation, although neuroma is likely to be benign.  

Proper management of nerve lysis has various options [15, 16, 17].  In hopes of minimizing amputation neuromas, most agree that resection far from a site of repeated trauma is imperative and removal of enough nerve to prevent re-growth is advised.  Allowing the nerve to retract into the muscle, or burying the nerve in muscle is also advised.  Neurosurgeons operating to alleviate postoperative herniorrhaphy pain may ligate the nerve or cut it sharply [9, 10].  Cautery is discouraged and any bleeding at the site of nerve transection is managed with pressure [9]. This surgeon also chose to inject Depo-Medrol in the tissue surrounding the nerve. 

The recognition of traumatic neuroma presence in primary inguinal hernia repair may represent a paradigm shift in the understanding of inguinal pain both preoperatively and postoperatively.  For the surgeon who performs Lichtenstein repairs and routinely resects ilioinguinal nerves, the basic science, worth encouraging, is to perform the histological examination of all the nerves routinely resected to define the baseline incidence of neuritis and neuroma. My pathologist described fibrosis along the entire nerve length if a localized neuroma was present (See Fig III). This is also an excellent setting to prospectively evaluate modes of nerve lysis.
This approach is limited to open herniorraphy and attempts to deal with this by laparoscopy may be impeded by anatomical barriers. In laparoscopic repairs, chronic neuropathic pain resulting from injury in the triangle of pain [5] would be expected to be in the distribution of the lateral femoral cutaneous nerve and the femoral branch of the genitofemoral nerve. However, if the neuropathic pain seems to favor the distribution of the ilioinguinal nerve, in light of our data, indigenous traumatic neuroma may be expected as the underlying cause and open anterior search of the affected nerve and its resection may prove to be useful in alleviating that pain. 

This study is obviously limited by a single observer series and small sample size.  The purpose of the study is to raise awareness of neuroma presence in inguinal hernias, and perhaps provide some new perspective in the search for cause and management of post herniorrhaphy inguinal pain. Unfortunately, the use of standardized pain measurement methodology was not part of our intake data or follow up data, and we are not able to correlate pain with the presence of neuroma in any meaningful way. Repeating this study with multiple surgeons, multiple sites, with an effective pain scale preoperatively and with a one-year follow-up would need to be done to evaluate the effectiveness of selective nerve management when neuroma is encountered.
As a result of these findings not being previously described, objective methods for obtaining relevant data and trends also proved to be difficult. Not all repairs had the same nerves taken out, and the number of resected nerves differed with individual repairs as well. Therefore, the independence in variables that is demanded by the methods of statistical analysis used in this study is violated, so the data analysis obtained may be descriptive at best. Nonetheless, patient and hernia information, and pathological reports were obtained in a uniform fashion. This study does show at least 34 histologically confirmed neuromas, and the incidence rate may have been higher had more nerves been examined. However, the current confirmed number does suggest that surgeons should be looking for neuromas during open inguinal hernia repair.
For years surgeons have berated each other for doing poor repairs resulting in recurrent hernias just to find that the real problem has been that hernia patients tend to have poor collagen. Hence, hernias tended to have a much lower recurrence rate when mesh was applied. Now mesh has become the standard for hernia repairs.

Likewise, surgeons are currently berating themselves for “causing” post herniorrhaphy pain in a significant portion of their patients, regardless if the repair is laparoscopic or open. The data seems to be consistent with some residual pain, but the explanations are mostly blaming operative trauma. This results in unnecessary liability for the surgeon since our data suggests the hernia itself is frequently causing nerve damage.
CONCLUSION:

This pilot study presents 34 pathologically confirmed neuromas in 100 primary inguinal hernia repairs, which suggest that surgeons doing open hernia repair should be looking with particular interest at the ilioinguinal nerve where 88% of the neuromas in this study were found. The findings of this study also provide firm pathological support that neuromas may be present preoperatively as a result of the hernia itself.
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