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ETIOLOGY, EPIDEMIOLOGY AND TREATMENT OF ACNES

The main theory on the pathophysiology of ACNES has largely been shaped by one dedi-
cated US family doctor, William Applegate.®® He proposed an entrapment mechanism
posterior of the rectus abdominis muscle, based on detailed figures of the trajectory of
intercostal nerves in anatomy books.” it is rather unclear whether his pathophysiological
explanation is as sound as it may seem. Moreover, his mechanistic hypothesis does not
explain the entire symptom complex of all ACNES patients. Nevertheless, the impact of
his theory on developing successful therapeutic strategies has been huge. Fundamental
studies on the topography of intercostal nerves, however, are very scarce, and thus
the ‘real life} actual anatomy was just unveiled to surgeons performing an exploration
and a neurectomy. Chapter 2 provides a snapshot of the complex neuroanatomy of
the abdominal wall and illustrates some visual and histological evidence of the alleged
culprits of ACNES. Multiple unpredictable interconnections between intercostal nerves
were observed at various levels of their travels from posterior to anterior portions of
the abdominal wall. Performing a successful neurectomy might therefore be far more
difficult than previously assumed. Moreover, a highly unpredictable neuro-anatomy is
likely the main reason for failure after surgery.

The single center series of over 1100 ACNES patients described in Chapter 3 would
undoubtedly have been of much interest to dr. Applegate. Symptoms that were briefly
mentioned in earlier case studies throughout history (e.g. Carnett’s test), were indeed
found to be present in >80% of patients who were suspected of having ACNES.*® Aimost
half reported complete but temporary pain relief following an abdominal wall infiltra-
tion using lidocaine at their painful point, and one third reported >50% pain relief after
several injections. Interestingly, the area that is mostly affected in ACNES patients is at
McBurney’s point. A typical ACNES patient is a young or middle-aged female with severe
continuous right-sided lower abdominal pain that developed spontaneously without
any evident cause strongly mimicking appendicitis. A subgroup (approximately 10%)
presents with bilateral symptoms — practically always at a symmetrical level - or with
several tender points along the trajectory of the intercostal nerve, which is suggestive
for central sensitization with mirroring of pain perception of an initial localized neuro-
pathic pain entity.

Chapter 4 and 5 show that corticosteroids have no added effect in peripheral nerve
blocks in ACNES. 136 patients were randomized in two equal arms receiving three injec-
tions with either lidocaine plus corticosteroids, or lidocaine alone. No group differences
in pain reduction were found. The number of successful responders, defined as >50%
pain reduction on a Numeric Pain Rating Scale two weeks after the end of treatment,
was not different between groups. Long term pain reduction after 6 weeks decreased
equally in both groups to an approximately 20% success rate. Chapter 6 shows a 38%
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long term and therefore higher success rate (median follow-up 17 months) of injection
therapy in children.

Chapter 7 identifies patient characteristics that predict a negative outcome after an
anterior neurectomy in ACNES. Previous abdominal surgery, preoperative medication
use, absent pain relief following a first diagnostic block and trigger points beyond the
abdominal wall in the trajectory of the intercostal nerves (such as paravertebral or
flank) were associated with a failure. However, a prognostic model that was created
with these four factors had rather suboptimal discriminative value (AUC of 0.67). This
finding suggests that other, unstudied factors are possibly of greater importance in
determining therapy outcome. Nonetheless, this model can be used to counsel patients
prior to invasive treatment. If even a second neurectomy fails to substantially reduce
pain levels, chapter 8 shows dorsal root ganglion (DRG) stimulation is a viable option in
ACNES patients. In a small case series, 3 of 5 patients experienced >50% long term pain
reduction. Chapter 9 incorporates these treatment considerations in the new Dutch
Pain Guidelines, established by the Nederlandse Vereniging voor Anesthesiologie, sectie
Pijngeneeskunde (NVAsP).

DRG SPINAL CORD STIMULATION IN CHRONIC POST-SURGICAL INGUINAL
PAIN (CPIP)

This part describes the study protocol (chapter 10) and preliminary results (chapter 11)
of a multicenter randomized controlled study comparing DRG spinal cord stimulation
(SCS) to conventional medical management (CMM). Patients with CPIP (>6 months) after
either a laparoscopic or open hernia repair or Pfannenstiel incision with no or only a
partial response to a neurectomy were randomized to either DRG SCS or CMM. The CMM
group had the option to cross-over after 6 months. The study was powered to a total of
78 patients.

Fourteen patients reached the primary endpoint of 6 months follow-up in 2017 and
their data were used for a per protocol analysis. Six of nine patients randomized to the
DRG SCS group received a permanent Implantable Neurostimulation System. Three
patients experienced a negative trial period indicating that the system did not result in
pain relief and continued with prior pain medication regimens or other pain treatments.
Six of nine patients in the CMM group eventually chose to cross-over after 6 months
of follow-up and received a permanent INS. Reasons for not switching to the DRG SCS
group were fear of complications or significant comorbidity. In the pooled group of 8
implanted patients, a 49% pain reduction (NRS 6.60+1.24 to 3.28+2.30) at 6 months of
follow-up was detected, In contrast, a slight 13% increase in pain in n the CMM group
was observed over this time period. A repeated measures ANOVA revealed a significant
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group difference at 1, 3 and 6 months follow-up (p=0.001). Adverse events such as lead
dislocation and lead breakage occurred in 9 patients with a total of 19 incidents. Sec-
ondary outcome measures such as quality of life and functionality also improved in the
DRG SCS group compared to CMM, acknowledging the potential of this novel therapy
for CPIP patients.

CONCLUSIONS OF THIS THESIS

1. The anatomy of intercostal nerves at the abdominal wall level is more complex than
previously hypothesized.

2. The typical ACNES patient is a young or middle-aged female with severe continu-
ous right-sided lower abdominal pain that developed spontaneously without any
evident cause.

3. Corticosteroids have no added effect in peripheral nerve blocks/ injection therapy in
ACNES.

4. The long term success rate of injection therapy in children is 38%.

5. Previous abdominal surgery, preoperative medication use, absent pain relief after
first diagnostic block and trigger points beyond the abdominal wall in the trajectory
of the intercostal nerves are associated with a failure after a neurectomy.

6. Dorsal root ganglion stimulation is a viable option for treating therapy resistant
ACNES and CPIP patients.

7. Device-related adverse events in DRG therapy for CPIP are, unfortunately, common.

Erasmus University Rotterdam Zo\/uap

5



6 Erasmus Medical Center Rotterdam

REFERENCES:

10.

11.

12.
13.

14.

15.

16.

17.

CarnettJ. Intercostal neuralgia as a cause of abdominal pain and tenderness. Surg Gynacol Obstet
1926:625-32

Boelens OB, Scheltinga MR, Houterman S, Roumen RM. Management of anterior cutaneous nerve
entrapment syndrome in a cohort of 139 patients. Annals of Surgery 2011;254:1054-8

Van Assen T, de Jager-Kievit JW, Scheltinga MR, Roumen RM. Chronic abdominal wall pain misdi-
agnosed as functional abdominal pain. J Am Board Fam Med 2015 Nov-Dec; 26(6):738-44.
Boelens OB, van Assen T, Houterman S, Scheltinga MR, Roumen RM. A double-blind, randomized,
controlled trial on surgery for chronic abdominal pain due to anterior cutaneous nerve entrap-
ment syndrome. Ann of Surg 2013;257:845-9.

Roumen RMH, Vening W, Wouda R, Scheltinga MR. Acute appendicitis, somatosensory dis-
turbances (“Head Zones”) and the differential diagnosis of ACNES. J Gastrointest Surg. 2017
Jun;21(6):1055-1061

Mol FMU, Maatman R, De Joode LEGH, Van Eerten P, Scheltinga MR, Roumen RM. Characteristics
of one thousand patients with anterior cutaneous nerve entrapment syndrome (ACNES). Submit-
ted.

Mol FMU, Heukelsfeldt Jansen C, Van Dijk W, Van Eerten P, Scheltinga MR, Roumen RM. Factors
predicting outcome after anterior neurectomy in patients with chronic abdominal pain due to
anterior cutaneous nerve entrapment syndrome (ACNES). Submitted.

Zamborsky R, Kokavec M, Simko L, Bohac M. Carpal tunnel syndrome: symptoms, causes and
treatment options. Literature Review. Ortop Traumatol Rehabil 2017 Jan 26;19(1):1-8.

Ferrante MA, Ferrante ND. The thoracic outlet syndromes: Part 1. Overview of the thoracic
outlet syndromes and review of true neurogenic thoracic outlet syndrome. Muscle Nerve. 2017
Jun;55(6):782-793.

Onat SS, Ata AM, Ozcakor L. Ultrasound-guided diagnosis and treatment of meralgia paresthetica.
Pain Physician 2016 May;19(4):E667-9.

Hanna AS, Kopell BH. Nerve entrapment syndromes. https://emedicine.medscape.com /
article/249784-overview. Update Sep 21, 2017.

Mackinnon SE. Pathophysiology of nerve compression. Hand Clin. 2002 May;18(2):231-41.
Miranda J, Lamana SM, Dias EV, Ahtie M, Parada CA, Tambeli CH. Effects of pain chronification
and chronic pain on an endogenous pain modulation circuit in rats. Neuroscience 2015 Feb
12;268:37-44

Applegate WV, Buckwalter NR. Microanatomy of the structures contributing to abdominal cuta-
neous nerve entrapment syndrome. J Am Board Fam Pract 1997;10:329-32

Van Assen T, Boelens OB, Kamphuis JT, Scheltinga MR, Roumen RM. Construction and validation
of a questionnaire distinguishing a chronic abdominal wall pain syndrome from irritable bowel
syndrome. Frontline Gastroenterol. 2012 Oct;3(4):288-294.

Bouhassira D, Attal N, Alchaar H, Boureau F, Brochet B, Bruxelle J, Cunin G, Fermanian J, Ginies
P, Grun-Overdyking A, Jafari-Schluep H, Lantéri-Minet M, Laurent B, Mick G, Serrie A, Valade D,
Vicaut E. Comparison of pain syndromes associated with nervous or somatic lesions and develop-
ment of a new neuropathic pain diagnostic questionnaire (DN4). Pain. 2005 Mar;114(1-2):29-36
Poong-Taek K, Hyon-Joo L, Tae-Gong K, In-Ho J. Current approaches for carpal tunnel syndrome.
Clin Orthop Surg. 2014 Sep; 6(3): 253-257.

Erasmus University Rotterdam Za.{uu.g



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Summary and conclusions

Payne R, Seaman S, Sieg E, Langen S, Harbaugh K, Rizk E. Evaluating the evidence: is neurolysis
or neurectomy a better treatment for meralgia paresthetica? Acta Neurochir (Wien). 2017 May;
159(5):931-936.

Mol FMU, Heukelsfeldt Jansen C, Boelens OB, Stronks DL, Van Eerten P, Huygen FJPM, Scheltinga
MR, Roumen RM. Adding steroids to lidocaine in a therapeutic injection regimen for patients
with abdominal pain due to Anterior Cutaneous Nerve Entrapment Syndrome (ACNES) : a single
blinded randomized clinical trial. Submitted

Stoll G, Jander S, Myers RR. Degeneration and regeneration of the peripheral nervous system:
from Augustus Waller’s observations to neuroinflammation. Journal of the Peripheral Nervous
System 2002;7:13-27.

Fishman SM, Ballantyne JC, Rathmell JP. Bonica’s management of pain, 4™ edition. Lippincott,
Williams and Wilkins, Philadelphia PA, USA 2010.

Jacob BP, Chen DC, Ramshaw B, Towfigh S. The SAGES Manual for Groin Pain. Springer Interna-
tional Publishing, Berlin, Germany, 2015.

Liem L, Mekhail N. Management of Postherniorrhaphy Chronic Neuropathic Groin Pain: A role for
Dorsal Root Ganglion Stimulation. Pain Pract. 2016 Sep;16(7):915-23.

Shu S, Gulve A, EIDabe S, Baranidharan G, Wolf K, Demmel W, Rasche D, Sharma M, Klase D, Jahn-
ichen G, Wahlstedt A, Nijhuis H, Liem L. Spinal cord stimulation of the dorsal root ganglion for
groin pain - a retrospective review. Pain Pract. 2015 Apr;15(4):293-9.

Jensen TS, Gottrup H, Kasch H, Nikolajsen L, Terkelsen AJ, Witting N. Has basic research contrib-
uted to chronic pain treatment? Acta Anaesth Scand 2008;45:1128-35.

Rolke R, Magerl W, Andrews Campbell K, Schalber C, Caspari S, Birklein F, Treede RD. Quantitative
sensory testing: a comprehensive protocol for clinical trials. Eur J Pain 2006;10:77.

Van Rijckevoorsel DC, Boelens OB, Roumen RM, Wilder-Smith OH, Van Goor H. Treatment response
and central pain processing in anterior cutaneous nerve entrapment syndrome: an explorative
study. Scand J Pain. 2017 Jan;14:53-59.

Van Assen T, Boelens OB, van Eerten PV, Perquin C, Scheltinga MR, Roumen RM. Long-term success
rates after an anterior neurectomy in patients with an abdominal cutaneous nerve entrapment
syndrome. Surgery 2015 Jan;157(1):137-43.

Stubhaug A. Why are some patients with chronic pain from anterior abdominal nerve entrap-
ment syndrome (ACNES) refractory to peripheral treatment with neurectomy? Scand J Pain. 2017
Jan;14:80-81.

Deer TR et al. Dorsal root ganglion stimulation yielded higher treatment success rate for complex
regional pain syndrome and causalgia at 3 and 12 months: a randomized comparative trial. Pain
2017 Apr;158(4):669-681.

WolterT. Spinal cord stimulation for neuropathic pain: current perspectives. J Pain Res 2014;7:651-
663.

Chakravarthy K, Richter H, Christo PJ, Williams K, Guan Y. Spinal cord stimulation for treating
chronic pain: reviewing preclinical and clinical data on paresthesia-free high frequency therapy.
Neuromodulation. 2017 Nov 3. Epub ahead of print.

Lindquist J, Bachyrd E. Pulsed radio frequency in clinical practice - a retrospective analysis of 238
patients with chronic non cancer pain treated at an academic tertiary pain center. Scand J Pain.
2016 Jul;12:68-73.

Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of chronic pain in Europe: preva-
lence, impact on daily life, and treatment. Eur J Pain 2006;10(4):287-333

Erasmus University Rotterdam 24\/»9\9

7



8 Erasmus Medical Center Rotterdam

35.

36.

37.

38.
39.

40.

Torrance N, Lawson K, Afolabi E, Bennett MI, Serpell MG, Dunn KM, Smith BH. Estimating the
burden of disease in chronic pain with and without neuropathic characteristics: Does the choice
between the EQ-5D and SF-6D matter?. Pain 2014 Oct;155(10):1996-2004

Van Hecke O, Austin S, Smith BH, Khan R, Torrance N. Neuropathic pain in the general population:
a systematic review of epidemiological studies. Pain 2014;155:654-62

Woolf CJ, Decosterd I. Implications of recent advances in the understanding of pain pathophysiol-
ogy for the assessment of pain in patients. Pain. 1999;Suppl 6:5141-7

Applegate WV. Abdominal cutaneous nerve entrapment syndrome. Surgery 1972;71:118-24.
Applegate W. Abdominal Cutaneous Nerve Entrapment syndrome (ACNES): A Commonly Over-
looked Cause Of Abdominal Pain. The Permanent Journal 2002;6:20-7.

Janowski W. Les nevralgies des parois abdominales au point de vue pratique. Rev Med 1922;39:
269-88.

Erasmus University Rotterdam Za.{uu.g



