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Treatment of Peripheral Neuropathy in Leprosy:
The Case for Nerve Decompression

Eric L. Wan, BS*

Andres F. Rivadeneira, MD¥}
Renato Martinez Jouvin, MD{
A. Lee Dellon, MD, PhD*

Summary: Plastic surgery has a tradition of caring for patients with facial
deformity and hand deformity related to leprosy. The approach, however,
to the progressive deformity and disability related to chronic nerve com-
pression is underappreciated in the world today. A cohort of patients with
leprous neuropathy from an indigenous area of leprosy in Ecuador was
evaluated for the presence of chronic peripheral nerve compression, and
12 patients were chosen for simultaneous upper and lower extremity, uni-
lateral, nerve decompression at multiple levels along the course of each
nerve. The results at 1 year of follow-up show that 6 patients improved
into the excellent category and 4 patients improved into the good cate-
gory for improved function. Based on the early results in this small co-
hort of patients with leprous neuropathy, an approach to peripheral nerve
decompression, encompassing the concept of multiple crush at multiple
levels of each nerve, seems to offer optimism to improve upper and lower
extremity limb function. Long-term studies with quality-of-life outcomes
would be welcome. (Plast Reconstr Surg Glob Open 2016,4:¢637,; doi: 10.1097/
GOX.0000000000000641; Published online 17 March 2016.)

that continues to impose a significant societal

burden and is still relevant to peripheral nerve
and plastic surgery."* At least 213,899 new cases glob-
ally were last reported,” and currently, more than
4 million people worldwide experience disabilities
due to Hansen’s disease.* In the United States, lepro-
sy continues to exist, with 175 new cases in 2014 and
a prevalence of 293 as of today.” Physical disabilities
resulting from Hansen’s disease include paresthe-
sias, muscle paralysis (eg, lagophthalmos, foot drop,
and claw hands), ulcers, and amputations.

I eprosy (Hansen’s disease) is an ancient disease
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Before the late 1940s, the cause of paralysis
among patients with Hansen’s disease was unclear.
A major advancement occurred when the late lep-
rologist and hand surgeon Paul Brand (1914-2003)
observed that the Hansen’s bacilli, Mycobacterium
leprae, preferentially targeted peripheral nerves; he
saw that abnormal “nerve swellings” occurred at
specific locations “where the nerve lay close to the
skin surface:” “[the tibial nerve] behind the ankle,
[the peroneal nerve] just above the knee, [...the
median and ulnar nerves] at the wrist, [...the facial
nerve] at the chin and cheekbone, and [...the ulnar
nerve] just above the elbow.” Brand witnessed the
cause of leprous neuropathy.

Since Brand’s observations in the late 1940s and
the introduction of multidrug therapy in 1981, more
attention has gradually been placed on understand-
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ing, preventing, and treating nerve damage as the
source of the disabilities and deformities, and there-
fore as the root of the stigma associated with Han-
sen’s disease.*” In 1975, Antia et al.® demonstrated
that even clinically uninvolved nerves, such as the
superficial branch of the radial nerve, could present
with definite nerve damage.

At the turn of the century, Ng et al.” demon-
strated that phenolic glycolipid-1 of M. leprae binds
specifically to laminin-2 (see Supplementary Digital
Content 1, which displays structure of the C-terminal
laminin G-like domains 4 and 5 of the laminin
alpha-2 chain; http://links.lww.com/PRSGO/A179)
within the basal lamina of Schwann cell-axon units,
promoting bacterial invasion and, even after bacte-
rial cell death, damage to Schwann cells and nerves.
Around the same time, Scollard et al.'® observed
that M. leprae extensively colonized epi- and endo-
neural blood and lymphatic vasculature as well. In
2010, Teles et al."' found that M. leprae can also bind
mannose receptors on Schwann cells via lipoarabi-
nomannan, which, as Bahia El Idrissi et al.'* recently
demonstrated, can also activate complement and
promote inflammation. Molecular studies in 2007
revealed that M. leprae has a defective heat stress re-
sponse that restricts the bacterium to superficial and
cooler regions of the body, such as the peripheral
nerves."” Taken together, the evidence seems to sup-
port that after bacterial colonization of superficial
peripheral nerves via phenolic glycolipid-1 and/or
lipoarabinomannan, and/or after immunologic re-
actions, the nerve is more likely to suffer ischemia
from “inflammation, trauma, or mechanical stress
[such nerve compression at tunnels and near the
joints],”'” contributing to the development of neu-
ropathy.'*1

Despite arising from different mechanisms,
nerve compression among diabetics may help us
understand the treatment of leprous neuropathy.
In diabetics, nerve compression results from narrow
anatomic sites, such as tunnels, placing increased
external pressure on peripheral nerves predisposed
by the diabetes to increased water retention and
therefore swelling.'™"® The resulting compression
causes ischemia of the nerve and paresthesias, 2 as-
pects that diabetic and leprous neuropathies have in
common. Surgical decompression has been shown
to be effective in treating diabetic neuropathy, when
chronic nerve compression is present and using
techniques designed to decompress each peripheral
nerve at multiple sites along its pathway at known lo-
cations for anatomic narrowing.'* Here, we present
evidence to support the use of similar nerve decom-
pressions in the upper and lower extremities in the
treatment of leprous neuropathy.
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PATIENTS AND SURGICAL TECHNIQUE

This is a level IV, retrospective therapeutic study. All
patients gave verbal informed consent to having be-
fore and after surgery photography and receiving sur-
gical decompression as part of a medical mission trip
to Guayaquil, Ecuador. Patients were selected if they
satisfied all the following criteria: being more than
6 months without multidrug therapy for Hansen’s
disease; not having an ongoing type II reaction; hav-
ing either upper or lower extremity pain, numbness,
weakness and/or deformity; and presence of positive
Tinel’s signs at known sites of entrapment; or tender,
thickened peripheral nerves. In total, 51 patients and
120 nerves were measured and analyzed for periph-
eral nerve dysfunction using the Pressure-Specified
Sensory Device (Sensory Management Services, LLD,
Baltimore, Md.) (Table 1). The degree of periph-
eral nerve dysfunction as measured by the Pressure-
Specified Sensory Device was not a factor as to wheth-
er a patient was included or excluded from surgery.

Twelve patients were selected for the surgery. In
each patient, surgical decompression of the 3 nerves
in an arm and 3 in a leg was done simultaneously
using a 2-team approach and under general anesthe-
sia. Pneumatic tourniquets, bipolar coagulators, and
3.5x loupe magnification were utilized.

M. leprae localizes to superficial nerves, and the
host response makes these nerves vulnerable to com-
pression at known sites of nerve compression. Our
approach thus emphasized decompression of each
nerve at each site in which it could be decompressed
in that extremity. The ulnar nerve was decompressed
at the elbow and at the wrist. Submuscular transpo-
sition by musculofascial lengthening decompressed
the ulnar nerve at the elbow; decompression at the
wrist included the sensory and motor branches of the
ulnar nerve. The median nerve was decompressed
at the wrist and forearm. If pronator syndrome was
absent, submuscular transposition by musculofascial
lengthening also decompressed the median nerve.
The superficial sensory branch of the radial nerve
was also decompressed in the forearm. The tibial
nerve was decompressed at each of its branches in
the medial, lateral, plantar, and calcaneal tunnels.
The peroneal nerve was decompressed at both the

Table 1. Staging of Peripheral Nerve Dysfunction
with the PSSD

Peripheral % Mild- % Severe % Anesthetic
Nerve (n=117) Moderate (n) (n) (n)
Median (n = 29) 41 (12) 24 (7) 35 (10)
Ulnar (n = 40) 35 (14) 37 (15) 28 (11)
Peroneal (n = 30) 10 (3) 13 (4) 77 (23)
Tibial (n = 18) 11 (2) 16 (3) 73 (13)

PSSD, Pressure-Specified Sensory Device.
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Fig. 1.View of patient 1 year after nerve decompression in the
left upper extremity. This patient had bilaterally symmetrical
degree of nerve compression before surgery. The improve-
ment in the left side is obvious. For the ulnar nerve, not only
was a submuscular transposition with musculofascial length-
ening done, plus internal neurolysis, but also, at the wrist level,
a neurolysis was done on the motor branch in Guyon’s canal.

fibular neck and over the dorsum of the foot. Inter-
nal neurolysis was performed as indicated by intra-
operative findings of firmness, intraneural fibrosis,
and/or loss of perineurial markings.

RESULTS

During the period of this study, all patients
healed primarily from surgery, and there were no
postoperative complications. With regard to motor
function, patients who had paralysis but who did not
have fixed joint contractures were observed to recov-
er movement and over the year of follow-up to have
improvement in strength and mobility.

L

Fig. 2. A, Immediately preoperative view of patient who had inability to extend big toe and dorsiflex ankle. B, Immediately

Seven patients reported better sensation in the
hand and foot that were operated on after than be-
fore surgery; they also had better feeling in operated
extremities compared with nonoperated extremities.
Two patients reported no sensory improvement. One
patient had a brain metastasis, and the surgically treat-
ed lower extremity became worse. Overall, postopera-
tively, 6 patients were in the excellent category, 4 in
the good category, and 2 did not improve. Figures 1
and 2 illustrate improvement in selected patients.

DISCUSSION

We presented a preliminary report of some of
over 100 cases of leprous neuropathy treated with
surgical decompression over the past decade. The
vast majority of patients have excellent or good im-
provement in motor and sensory function.

Data on the effects of neurolysis on patients with
leprous neuropathy are limited. Neurolysis has been
reported to restore sensation in 50% of cases of lep-
rous neuropathy.?"* Furthermore, in 2001 and 2003,
it was found that neurolysis improved musculature
and muscular function.*** Motor recovery rates as
high as 89% have been reported.” The effects of
nerve decompression for leprous neuropathy also in-
clude ulcer healing and pain relief.?! Most recently,
nerve decompression was used in the United States
to treat ulnar neuropathy in a case of Hansen’s dis-
ease.” The authors report that after surgery, sensa-
tion and strength returned in the ulnar distribution.

Studies on the effectiveness of nerve decompres-
sion, especially those with high levels of evidence, are
lacking. A literature review concluded that the only
2 existing randomized control trials (RCTs), pub-
lished in 1984 and 1996, were of such low quality that

postoperative view of patient after neurolysis of common peroneal nerve at the knee, who had regained ability to extend

big toe and dorsiflex the ankle.



robust conclusions could not be made about the effi-
cacy of nerve decompression on leprous neuropathy.?
The authors and others have called for a high-quality
RCT studying surgical decompression in leprous
neuropathy.”” From our experience, nerve decom-
pression brings relief to and rehabilitates patients with
Hansen’s disease; an RCT would likely be successful
in showing the benefits of nerve decompression.

The limitations of this study are that it is a single-
center study with a small number of patients. A fur-
ther limitation of this study is that the follow-up of
the small cohort was limited to 1 year. Finally, it was
not within the purpose or scope of this study to eval-
uate the effect of steroids on leprous neuropathy.

CONCLUSIONS
Nerve damage caused by leprosy remains a signifi-
cant cause of disabilities due to leprosy. It is possible,
through nerve decompression, to reverse the nerve
damage and improve patient sensation and strength.
There is a great potential for a successful RCT in
nerve decompression for leprous neuropathy.

A. Lee Dellon, MD, PhD
1122 Kenilworth Drive
Suite 18, Towson, MD 21204
E-mail: aldellon@dellon.com

REFERENCES

1. Elsayed G, Elsayed M, Clincea R, et al. The curse of the
nine-banded armadillo: case report and review. Mil Med.
2015;180:e861-e866.

2. Menger DJ, Fokkens W], Lohuis PJ, et al. Reconstructive
surgery of the leprosy nose: a new approach. | Plast
Reconstr Aesthet Surg. 2007;60:152-162.

3. WHO. Global leprosy update, 2014: need for early case
detection. Wkly Epidemiol Rec. 2015;90:461-476.

4. Remme JHF, Feenstra P, Lever PR, et al. Tropical diseases
targeted for elimination: chagas disease, lymphatic filaria-
sis, onchocerciasis, and leprosy. In: Jamison DT, Breman
JG, Measham AR, Alleyne G, Claeson M, Evans DB, Jha
P, Mills A and Musgrove P, eds. Disease Control Priorities
in Developing Countries. Washington, DC: World Bank;
2006:433-449.

5. Brand PW, Yancey P. Chapter 7: Chingleput Detour. In: The
Gift of Pain. Grand Rapids, MI: Zondervan; 1997:87-102.

6. Lockwood DN]J. Leprosy elimination—a virtual phenom-
enon or a reality? BMJ. 2002;324:1516-1518.

7. van Brakel WH, Nicholls PG, Wilder-Smith EP, et al;
INFIR Study Group. Early diagnosis of neuropathy in
leprosy—comparing diagnostic tests in a large prospec-
tive study (the INFIR cohort study). PLoS Negl Trop Dis.
2008;2:€212.

8. Antia NH, Mehta L, Shetty V, et al. Clinical, electrophysi-
ological, quantitative, histologic and ultrastructural stud-
ies of the index branch of the radial cutaneous nerve in
leprosy. I. Preliminary report. Int | Lepr Other Mycobact Dis.
1975;43:106-113.

9. NgV, Zanazzi G, Timpl R, et al. Role of the cell wall phe-
nolic glycolipid-1 in the peripheral nerve predilection of
Mycobacterium leprae. Cell. 2000;103:511-524.

PRS Global Open ¢ 2016

10. Scollard DM, McCormick G, Allen JL. Localization of
Mycobacterium leprae to endothelial cells of epineurial and
perineurial blood vessels and lymphatics. Am | Pathol.
1999;154:1611-1620.

11. Teles RM, Krutzik SR, Ochoa MT, et al. Interleukin-4 reg-
ulates the expression of CD209 and subsequent uptake of
Mycobacterium leprae by Schwann cells in human leprosy.
Infect Immun. 2010;78:4634—4643.

12. Bahia El Idrissi N, Das PK, Fluiter K, et al. M. leprae com-
ponents induce nerve damage by complement activation:
identification of lipoarabinomannan as the dominant
complement activator. Acta Newropathol. 2015;129:653-67.

13. Williams DL, Pittman TL, Deshotel M, et al. Molecular
basis of the defective heat stress response in Mycobacterium
leprae. | Bacteriol. 2007;189:8818-8827.

14. Sunderland S. The internal anatomy of nerve trunks in
relation to the neural lesions of leprosy. Observations
on pathology, symptomatology and treatment. Brain.
1973;96:865-888.

15. Carayon A. Investigations on the physiopathology of the
nerve in leprosy. Int | Lepr Other Mycobact Dis. 1971;39:278-294.

16. Jakobsen J. Peripheral nerves in early experimental dia-
betes: expansion of the endoneurial space as a cause of
increased water content. Diabetologia. 1978;14:113-119.

17. Jakobsen J, Sidenius P. Decreased axonal transport of
structural proteins in streptozotocin diabetic rats. J Clin
Invest. 1980;66:292-297.

18. Lundborg G, Rydevik B. Effects of stretching the tibial
nerve of the rabbit. A preliminary study of the intraneural
circulation and the barrier function of the perineurium.
] Bone Joint Surg Br. 1973;55:390-401.

19. Dellon AL. Treatment of symptomatic diabetic neuropathy
by surgical decompression of multiple peripheral nerves.
Plast Reconstr Surg. 1992;89:689-697; discussion 698.

20. Dellon AL. Diabetic neuropathy: review of a surgical ap-
proach to restore sensation, relieve pain, and prevent ul-
ceration and amputation. Foot Ankle Int. 2004;25:749-755.

21. Husain S, Mishra B. Decompression of peripheral nerve
trunks in leprosy to prevent the development and pro-
gression of deformities. Indian | Orthop. 2008;42:78-82.

22. Husain S, Mishra B, Prakash V, et al. Results of surgical
decompression of ulnar nerve in leprosy. Acta Leprol.
1998;11:17-20.

23. Richard B, Khatri B, Knolle E, et al. Leprosy affects the
tibial nerves diffusely from the middle of the thigh to the
sole of the foot, including skip lesions. Plast Reconstr Surg.
2001;107:1717-1724.

24. Turkof E, Richard B, Assadian O, et al. Leprosy affects fa-
cial nerves in a scattered distribution from the main trunk
to all peripheral branches and neurolysis improves muscle
function of the face. Am | Trop Med Hyg. 2003;68:81-88.

25. Payne R, Baccon J, Dossett |, et al. Pure neuritic leprosy
presenting as ulnar nerve neuropathy: a case report of
electrodiagnostic, radiographic, and histopathological
findings. J Neurosurg. 2015;123:1238-1243.

26. Van Veen NH]J, Schreuders TAR, Theuvenet W], et al.
Decompressive surgery for treating nerve damage in lep-
rosy. Cochrane Database Syst Rev. 2012;12:CD006983.

27. Nickerson DS, Nickerson DE. A review of therapeu-
tic nerve decompression for neuropathy in Hansen’s
disease with research suggestions. | Reconstr Microsurg.
2010;26:277-284.

28. Tisi D, Talts JF, Timpl R, et al. Structure of the C-terminal
laminin G-like domain pair of the laminin alpha2 chain
harbouring binding sites for alpha-dystroglycan and hep-
arin. EMBO J. 2000;19:1432-1440.



TT Presidencia : : Plan NaCiOﬂal o

de Ia Republica I* e e Tesnglone :—> SENESCYT

del Ecuador a ) Secretaria Nacional de Educacién Superior,
N

Ciencia, Tecnologia e Innovacién

DECLARACION Y AUTORIZACION

Yo, Rivadeneira Maldonado Andrés Fernando , con C.C: # 171216295-5
autor/a del trabajo de titulacion: “Treatment of Peripheral Neuropathy in

Leprosy: The Case for Nerve Decompression” previo a la obtencion del
titulo de Cirujano Plastico, Estético y reconstructivo en la Universidad

Catolica de Santiago de Guayaquil.

1.- Declaro tener pleno conocimiento de la obligacibn que tienen las
instituciones de educacion superior, de conformidad con el Articulo 144 de la
Ley Organica de Educacion Superior, de entregar a la SENESCYT en
formato digital una copia del referido trabajo de titulaciébn para que sea
integrado al Sistema Nacional de Informacion de la Educacion Superior del

Ecuador para su difusion publica respetando los derechos de autor.

2.- Autorizo a la SENESCYT a tener una copia del referido trabajo de
titulacion, con el propésito de generar un repositorio que democratice la

informacion, respetando las politicas de propiedad intelectual vigentes.

Guayaquil, 16 de Enero del 2018

Nombre: Rivadeneira Maldonado Andrés Fernando

C.C: 171216295-5



o T-" ‘
il de 1a Republica > .f::,g:fgg,'gngﬁgggggg .b SENESCYT
del Ecuador ) Secretaria Nacion. aide Ed cacé Superior,
~ Ciencia, Tecnologia acion

REPOSITORIO NACIONAL EN CIENCIA Y TECNOLOGIA

FICHA DE REGISTRO DE TESIS/TRABAJO DE TITULACION

“Treatment of Peripheral Neuropathy in Leprosy: The Case for

TEMA'Y SUBTEMA: I
Nerve Decompression

AUTOR(ES) Dr. Andrés Fernando Rivadeneira Maldonado
REVISOR(ES)/TUTOR(ES) | Dr. Jorge Palacios Martinez
INSTITUCION: Universidad Catolica de Santiago de Guayaquil
FACULTAD: Facultad de Medicina
CARRERA: Postgrado de Cirugia Plastica, Estética y Recartstau
TITULO OBTENIDO: Cirujano Plastico, Estético y reconstructivo
FECHA DE No. DE
PUBLICACION: 17 deMarzo de2016 PAGINAS: 4
Cirugia Plastica — Cirugia Nervio Periférico — Neuropatia

AREAS TEMATICAS:
Lepromatosa

PALABRAS CLAVES/ | Cirugia, Plastica, Neuropatia, Lepromatosa, Neuroli sis,
KEYWORDS: Descompresion, Nervio, Periférico

RESUMEN/ABSTRACT (150-250 palabras):

La cirugia plastica tradicionalmente ha tratado awigntes con deformidades faciales y de m
relacionadas a la Lepra. Este abordaje, sin emhbaagpasado desapercibido hasta el dia de hoy
mundo, debido a la progresion de la discapacidkd yleformidades que genera en estos paciente
estudio de corte de pacientes con Neuropatia Legioza de un area endémica en el Ecuadot
evaluado por la presencia de una compresion nervpesiférica crénica, y 12 pacientes fue
seleccionadas para la realizacion en simultanemdedescompresion nerviosa multiple en extremid
superiores e inferiores siguiendo el trayecto déaazervio. El resultado a un afio del seguimient®
muestra que 6 pacientes mejoraron hacia la categeriexcelente, y 4 pacientes hacia la categor
bueno en relacion a la funcionabilidad de sus mittades.

ar
en
S.
f
ror
ad
N
a

Basados en estos resultados en este pequefio grypaxigntes con neuropatia lepromatosa, el abard

para descompresion nerviosa periférica compaginaetaoncepto de lesiones mdultiples en cada ne
ofreciendo con optimismo la mejoria en la funci@ ektremidades, tanto de extremidades super
como de inferiores.

rvi
or

ADJUNTO PDF; X si ] NO

CONTACTO CON | Teléfono: +593- E-mail: andyrivm@gmail.com
AUTORI/ES: 0997044350 ' '
CONTACTO CON LA | Nombre: Landivar Varas Xavier

INSTITUCION Teléfono: +593-43804600

(COORDINADOR DEL | - hosarad dici 4

PROCESO UTE):: . posgrado.medicina@cu.ucsg.edu.ec

SECCION PARA USO DE BIBLIOTECA

N°. DE REGISTRO (en base a datos):

N°. DE CLASIFICACION:

DIRECCION URL (tesis en la web):




