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Introduccié

INTRODUCCIO

LA LESIO MEDUL-LAR

La medul-la espinal constitueix la via principal a través de la qual el
cervell rep i envia informacio a la resta de I'organisme. La seva lesio, que pot
ser d’origen traumatic o medic, provoca una paralisi muscular i absencia de
sensibilitat superficial i profunda per sota del nivell de la lesio, falta de control
voluntari dels esfinters vesical i rectal, alteracions de la sexualitat i fertilitat i
alteracions del sistema nervios autonom. Degut a les sequeles severes que pot
comportar, la lesi6 medul-lar (LM) és un problema médic, social i economic de
primera magnitud, que afecta a un segment jove de la poblacio, doncs la

principal causa de la seva lesié son els accidents de transit.

EPIDEMIOLOGIA

Als Estats Units la incidéncia anual estimada de LM traumatica és,
aproximadament, de 40 casos/1.000.000 habitants (12.000 casos nous/any). La
prevalenca estimada I'any 2007 era entre 227.000-300.000 persones vives amb
LM. L'edat mitjana de les persones afectades és de 39,5 anys i el 77,8% so6n
homes. Els accidents de transit sén la causa més frequient de LM traumatica
(42%), seqguits de caigudes (27,1%), actes de violencia, sobretot ferides per
arma de foc, (15,3%) i accidents esportius (7,4%) (1). Pel que fa a la LM no
traumatica, representa el 39% dels ingressos per tractament rehabilitador d'una

LM, sent les causes més freqlents les estenosi de canal vertebral (54%) i els



Introduccié

tumors (26%), les d’etiologia vascular representen el 8%, les infeccions un 7% i

les de causa inflamatoria un 5% (2).

L'epidemiologia de la LM a Catalunya i Espanya no ha estat ben estudiada.
Garcia Reneses, en un estudi referent als anys 1984-85, va trobar una
incidencia a Espanya de LM de 1,31/100.000 habitants i any, sent 0,8/100.00
habitants i any per les traumatiques i de 0,5/100.00 habitants i any per les no
traumatiques. Les lesions traumatiques van representar el 61% dels nous
casos i les no traumatiques el 39%. Els accidents de transit eren la causa meés
frequent de LM traumatica (52%), seguida de les caigudes (27%), els accidents
esportius i els actes violents representaven el 6% dels casos. Les lesions no
traumatiques eren causades majoritariament per tumors (44%), seguides per
les infeccions (18%) i les d’etiologia vascular (16%) (3). Des de 1985 al 1994 es
va experimentar un augment progressiu i al 1990 i 1991 es van registrar meés
de 1.000 casos nous per any a tot I'estat (4). L’edat mitjana era de 41,8 anys
amb un pic d'incidéncia entre els 20 i 30 anys, en relacié als accidents de

transit, i els afectats amb més frequiéncia eren homes (72%) (3).

A l'Institut Guttmann cada any s'atenen al voltant de 250 nous pacients amb LM
I els ingressos per tractament rehabilitador durant la fase aguda o per

complicacions en la fase cronica oscil-len entorn dels 400 casos per any (5).
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CLASSIFICACIO

La simptomatologia d’una LM sera més o menys greu segons el nivell
neurologic de la lesio i la seva gravetat. El nivell neurologic i la gravetat de la
lesi6 s’avaluen segons els International Standards for Neurological
Classification of Spinal Cord Injury, elaborats per la American Spinal Injury

Association i la International Spinal Cord Society (6).

El nivell neurologic és el segment més distal de la medul-la espinal amb
funcié normal, motora i sensitiva, en ambdds costats del cos. Les lesions de
nivell cervical (tetraplegia) afectaran extremitats superiors, tronc, extremitats
inferiors i esfinters. A les lesions de nivell dorsal, lumbar i sacre (paraplegia) les
extremitats superiors estaran preservades i segons el nivell neurologic

s’afectara el tronc, extremitats inferiors i esfinters.

La gravetat de la lesid (si és completa o incompleta i en quin grau) es valora
segons la American Spinal Injury Association Impairment Scale (ASIA) (6).
Una lesi6 és incompleta si es troba preservacié parcial de la funcié sensitiva i/o
motora per sota del nivell neurologic, sempre que inclogui el segment sacre
més baix S4-S5 (sensaci6 a la uni6 mucocutania anal i sensacié anal profunda
i/o presencia de contraccio voluntaria de I'esfinter anal extern [EAE] a I'examen
digital), si no se’n troba, la lesio és completa.

L’ASIA té cinc graus: A, B, C,Di E.

1. ASIA A: és la lesio completa, no hi ha funci6 motora ni sensitiva preservada

als segments sacres S4-Sb.
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2. ASIA B: hi ha preservacié de la funcié sensitiva, pero no motora per sota
del nivell neurologic i s’estén fins als segments sacres S4-S5.

3. ASIA C: hi ha funcié motora preservada per sota del nivell neurologic i més
de la meitat dels musculs clau per sota del nivell neurologic, presenten un
balan¢ muscular menor de 3 (no funcional).

4. ASIA D: hi ha funci6 motora preservada per sota del nivell neurologic i
almenys la meitat dels musculs clau, per sota del nivell neurologic,
presenten un balan¢ muscular de 3 6 més (funcional).

Perqué una LM es pugui considerar ASIA C 6 D, ha de presentar funcio

sensitiva 0 motora als segments S4-S5 i a més ha d’existir contraccié voluntaria

de 'EAE o funcié motora més enlla de tres nivells per sota del nivell neurologic
de la lesié.

5. ASIA E: son aquelles lesions que han evolucionat favorablement i la funcio

sensitiva i motora és normal.

En resum, les lesions de nivell cervical afectaran a les quatre extremitats i tronc
a més dels esfinters, les de nivell dorsal el tronc, les extremitats inferiors i
esfinters, les de nivell lumbar les extremitats inferiors i els esfinters i les de
nivell sacre nomeés els esfinters. L’afectacié sera més o menys severa en funcio

de la gravetat de la lesid, mesurada amb I'ASIA.

TRACTAMENT

Actualment, quan es produeix una lesié a la medul-la, no existeix un

tractament quirargic o medic que sigui totalment efectiu i en la majoria dels
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casos es produiran sequeles irreversibles, variables en funci6 de les
caracteristiques de la lesié. L'objectiu del tractament és prevenir, diagnosticar
precocment i tractar les complicacions derivades de la lesid, tant en la fase
aguda com en la cronica i potenciar I'autonomia del pacient perqué assoleixi la
maxima capacitat funcional i reintegracio social, familiar i laboral. El tractament
d’aquests pacients es du a terme en unitats mediques especialitzades (Unitats
de Lesionats Medul-lars) i, degut a les diferents arees que es veuen afectades,
per part d’'un equip multidisciplinari on el responsable del pacient i coordinador
de l'equip és el metge especialista en rehabilitacidé i medicina fisica i hi
participen altres especialitats meédiques (urologia, traumatologia i cirurgia
ortopédica, medicina interna), infermeria, fisioterapia, terapia ocupacional,

tecnic ortopédic, psicologia i treball social.

Les bases del tractament i rehabilitacié d’aquesta patologia van ser instaurades
per L. Guttmann durant la segona guerra mundial (7). Des de la instauracié del
tractament rehabilitador dels pacients amb LM, la seva supervivéncia ha
augmentat de forma espectacular i molts d’ells porten una vida activa fins a
edats avancades. Aquest fet ha condicionat la major importancia de problemes
derivats de la LM, que es manifesten o adquireixen més rellevancia un cop
superada la fase aguda i subaguda de la lesio, quan el pacient ja s’ha reinserit
al seu domicili. La pérdua de mobilitat, I'alteracié de la sexualitat i la disfuncié
dels esfinters sbn els aspectes que preocupen més a les persones afectades

d’'una LM (8, 9).
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DISFUNCIO INTESTINAL SECUNDARIA A LESIO MEDUL-LAR

Un dels problemes que preocupa més als pacients amb LM és el control
dels esfinters i la seva alteracié provoca un impacte molt important en la
qualitat de vida de l'afectat (10-12). La disfuncié urinaria ha estat molt
estudiada, ja que havia estat la primera causa de mortalitat d'aquests pacients,
degut a la insuficiencia renal que comportava, i actualment és la primera causa
de morbiditat, per l'alta incidencia de complicacions (infeccions d’orina, litiasi
renal) (13). L'avaluacié de la funcié urologica, clinicament i mitjancant
exploracions complementaries (ecografia, urodinamica, cistografia), forma part
del maneig sistematic de la LM. En canvi la funci6 intestinal, que s'afecta tant
com la urologica, és poc coneguda i el seu maneig ha canviat poc des de L.
Guttmann i, malgrat que durant els Ultims anys s’ha descrit metodologia per
estudiar la funci6 anorectal (manometria anorectal, proctografia,
electromiografia, temps de transit colonic [TTC]), és poc utilitzada en els

pacients afectats de LM.

Diferents autors han evidenciat que la perdua del control intestinal és un dels
aspectes que preocupa més a les persones afectades d’'una LM i la viuen com
un problema major que el maneig urinari o altres complicacions derivades de la
lesié (8, 9). També afecta de manera molt important a la seva qualitat de vida
(12), degut a la simptomatologia que poden presentar (incontinéncia fecal,
restrenyiment) (10, 12), al temps que han de dedicar a I'evacuacié intestinal (8),
a la repercussio en les activitats habituals del pacient (8, 11, 12, 14, 15) i

perque pot ser font d’alteracions emocionals (8, 10, 12).
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EPIDEMIOLOGIA

La prevalenca d'alteracions relacionades amb I'evacuacié se sap que €s
elevada, pero els articles publicats no es posen d’acord en la seva magnitud ni
en les caracteristiques de la lesié neurologica que influeixen en els simptomes
colorectals. Aix0 és degut a que les mostres de pacients estudiades son
heterogénies, pel que fa a les seves caracteristiques neurologiques i al temps
d’evolucié de la lesio (lesions medul-lars en fase aguda o cronica), a la
classificacio neurologica dels pacients sense seguir els International Standards
of Neurological Classification of Spinal Cord Injury i a que quasi mai tenen en
comte la preséncia o no dels reflexes espinals sacres. També hi influeix els
diferents criteris utilitzats per definir els simptomes colorectals, sobretot el
restrenyiment, i la manera d’avaluar-los (entrevista personal o qlestionari per
correu). Segons les series, entre un 27% i 62% de les persones afectades
d’'una LM refereixen haver patit alguna simptomatologia significativa referent a
I'aparell gastrointestinal (8, 10, 13, 14, 16, 17), la prevalenca de restrenyiment
varia entre el 5% i el 60% (8, 10, 13, 14, 16-19), episodis d’incontinéncia fecal
s’han descrit entre el 40% i el 75% dels pacients, produint-se de manera
regular entre I'1% i el 14% (8, 10, 12, 14, 16-19) i hemorroides en presenten

entre un 23% i 74% dels pacients (8, 12-14, 17-19).

Alguns autors troben que el restrenyiment és més prevalent en les lesions de
nivell cervical (tetraplegies) (10, 16, 18), i altres en les paraplegies i refereixen
que les tetraplegies presenten més incontinéncia fecal (19). Algunes series

descriuen un empitjorament dels simptomes colorectals a mida que augmenta
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el temps d’evolucio de la lesio (20). L'edat avancada del pacient o la presa de
determinades medicacions (anticolinergics, benzodiazepines), també s’han
descrit com a factors que contribueixen a una major prevalenca de simptomes

colorectals (12,15,16).

BASES ANATOMIQUES | FISIOLOGIQUES

La fisiologia de la continencia fecal i 'evacuacidé €s un procés complex
en el que intervenen funcions autonomes i voluntaries. Perqué sigui correcte,
cal una capacitat de reservori i complianca rectal (relacié volum/pressio)
adequades, una innervacié motora i sensitiva de I'anorecte correctes, un aparell
esfinteria integre i un bon control voluntari. Amb aquests elements es produiran
i modularan una série de reflexes i maniobres imprescindibles per a la
continencia i la defecaci6. També hi intervenen la consistencia de la femta i la

seva velocitat de transit a través del colon.

El colon aproximadament mesura 1,5m de longitud i es divideix en cec,
colon dret o ascendent, colon transvers, colon esquerre o descendent i colon
sigmoide. Esta format per diferents capes que d’'interna a externa sén: mucosa,
submucosa, muscular interna circular, muscular externa longitudinal i serosa.
La capa muscular longitudinal és continuacié de la capa longitudinal del budell
prim, pero a nivell del colon es divideix en tres fascicles que formen les ténies,

que a nivell del rectosigma es tornen a fondre per formar la capa muscular

10
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longitudinal del recte. La capa muscular circular forma petites bandes
circumferencials que divideixen el colon en les haustres, donant-li I'aspecte
sacular caracteristic. Les funcions principals del colon sén, absorbir aigua i
electrolits, emmagatzemar temporalment la matéria fecal i propulsar el seu
contingut. La complexa motilitat del colon, amb les contraccions haustrals i les
contraccions massives, té com a objectiu dur a terme aquestes funcions. El
colon posseeix la innervacio intrinseca (plexe mientéric), que rep la influencia

del sistema nervios autonom (21, 22).

Anorecte

L’anorecte és la porcio terminal de I'aparell gastrointestinal, €s una unitat
funcional que manté la continéncia fecal i permet I'expulsié controlada de les

femtes.

El recte és I'Gltima porcid de lintesti gros, comenca a la unié rectosigmoidea i
acaba al canal anal. La capa muscular esta formada per la interna circular,
continuacido de la capa circular del colon sigmoide, i I'externa longitudinal

formada per la dispersi6 de les ténies coloniques.

El canal anal té uns 2-4 cm de llargada des de la uni6é anorectal al marge anal.
Esta format per l'esfinter anal intern (EAI) i I'esfinter anal extern (EAE), la
contraccié tonica dels quals col-lapsa completament el canal. L'EAI és un
muscul llis format per I'engruiximent distal de la capa muscular circular del

recte, té una innervacio intrinseca (plexe mienteric) modulada pel sistema

11
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nerviés autonom i presenta una contraccidé tonica continua responsable del
80% de la pressio basal del canal anal (23). L'EAE és un muscul estriat que
recobreix externament a I'EAI i classicament es divideix en tres porcions, que
de més externa a meés interna son: subcutania, superficial i profunda. La
subcutania rodeja l'orifici anal, per sobre del marge anal, i algunes fibres
musculars s’insereixen a la pell. La superficial, situada més profundament,
rodeja la porcid subcutania i té extensions al coccix, que juntament amb teixit
connectiu formen el lligament anococcigi. La profunda esta intimament
relacionada amb el muscul puborectal. En ser musculatura estriada, la seva

innervacié és somatica a través del nervi pudend (23).

El muscul puborectal, juntament amb l'isquiococcigi, iliococcigi i pubococcigi,
formen el muscul elevador de I'anus, que constitueix la part més important del
terra de la pelvis. EI mascul puborectal s’insereix al pubis i forma una U al
voltant de la uni6é anorectal, en condicions normals manté un to basal originant
un angle entre anus i recte d'uns 100°, si es contrau, s'aguditza contribuint a la
continencia fecal i si es relaxa, tal com passa durant la defecacio, es torna més
obtus afavorint el pas de la femta. La seva innervacio, igual que 'EAE, és

somatica (23, 24).

Fisiologia de la continéncia i la defecacio

Els reflexes i mecanismes implicats en la continéncia i la defecacio, que

es produeixen amb aquest sistema son el reflex rectoanal inhibitori, el reflex

12
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rectoanal excitatiu, el reflex de mostreig, la maniobra defecatoria i el reflex de

Valsalva o de la tos.

El reflex rectoanal inhibitori consisteix en una relaxacio transitoria de I'EAI
com a resposta a la distensio del recte. Es un reflex mientéric, modulat pel
sistema nerviés autonom (24), la seva magnitud i durada depen del volum de
distensio rectal, a major volum es produeix una relaxacio de 'EAlI més intensa i

duradora (25).

El reflex rectoanal excitatiu provoca una contraccio de I'EAE en resposta a la
distensio rectal. Es un reflex espinal i pot ser incrementat voluntariament (26-
28). Contribueix a mantenir, de forma inconscient, la continéncia quan es
produeixen distensions rectals poc intenses, que no suposen una sobrecarrega

del sistema esfinteria (24).

Aquests dos reflexes que hem descrit, formen part d'un reflex més complex
anomenat de mostreig. Quan arriba femta al recte aquest es disté i es
produeix el reflex rectoanal inhibitori, la relaxacié de I'EAI s'inicia en la seva
porcié cranial de manera que el contingut rectal pot arribar a la zona sensible
del canal anal, que posseeix receptors de tacte, dolor i temperatura. El contacte
amb aquesta zona permet reconeixer i discriminar les caracteristiques del seu
contingut. El reflex rectoanal excitatiu manté la continéncia mentre es fa
conscient la informacié del contingut rectal i aixi es pot decidir la conducta més
apropiada. Si es decideix impedir el pas de la femta, es produeix una contraccié

voluntaria de I'EAE i aquesta torna a l'ampolla rectal i si no, s’efectua una

13
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maniobra defecatoria (24, 29). El reflex de mostreig es produeix diversos cops

al dia de manera subconscient i reflexa (24).

La maniobra defecatoria s'inicia a partir del reflex de mostreig, es decideix
evacuar si €s el moment socialment oportu i llavors es realitza una maniobra de
Valsalva voluntaria i es relaxa I'EAE i la musculatura estriada perineal, originant
la relaxacio del canal anal, la rectificacio de I'angle anorectal i el descens del
periné. Aquests fets s’associen a un augment de l'activitat motora del colon i del

recte (24, 29).

El reflex de Valsalva o de la tos garanteix la continéncia en determinades
activitats en les quals es produeix un augment de la pressié intrabdominal
(esforcos, tos). Consisteix en una contraccio de I'EAE i de la musculatura del
terra de la pelvis, en resposta a un augment de la pressio intrabdominal que
estimula els tensoreceptors que es troben en aquests musculs. Es tracta d'un
reflex espinal i permet que el terra pelvic estigui continuament en accio i

aquesta es modifiqui en funcié de la pressié intrabdominal (28, 30).

Control neural de la continéncia i la defecaci6

El control neural d’aquestes funcions es realitza de forma integrada en tres
nivells:
1. Sistema nervigs enteric.
2. Sistema nervios autonom (simpatic i parasimpatic).

3. Sistema nerviés central.

14
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El sistema nervidés enteric constitueix la innervacid intrinseca i el sistema

nervidos autonom i central la innervacio extrinseca.

Es sistema nervidés entéric posseeix circuits en el plexe mientéric, capacos
de controlar la motilitat colonica i la funcié de 'EAI de forma independent de les

connexions amb la innervaci6 extrinseca.

El sistema nerviéos autonom parasimpatic s’origina al tronc cerebral (nucli del
X parell cranial o nervi vagus) i als segments S2-S4 de la medul-la sacre
(parasimpatic sacre). A grans trets el nervi vagus innerva I'aparell
gastrointestinal des de la part superior de I'esofag fins a I'angle esplenic. La
innervacié del colon descendent i del rectosigma prové del parasimpatic sacre.
En I'home, el punt precis on canvia la innervacié parasimpatica provinent del
nervi vagus o de la medul-la sacre é€s controvertit i alguns autors han descrit
innervacié vagal fins al recte i altres innervacié sacre a tot el colon (31-33). La
innervacié del sistema nerviés autonom simpatic prové de la medul-la

dorsolumbar (D5-L3) (23, 31, 32).

La innervaci6 de la musculatura estriada de 'EAE i de la musculatura del terra
de la pelvis es produeix a través del sistema somatic, les motoneurones
inferiors d’on prové aquesta innervacio es troben a I'asta anterior de la medul-la

sacre, als segments S2-S4 (23, 24, 29).

Quan es produeix una lesi6 a la medul-la la innervacié extrinseca es veura

afectada i el sistema nervidés enteric es mantindra intacte. La innervaci6

15
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provinent del nervi vagus estara integra i la provinent del sistema nerviés
autonom parasimpatic sacre es veura afectada practicament en totes les
lesions medul-lars. Pel que fa a la provinent del sistema nerviés autonom
simpatic, depenent del nivell de la lesio, es mantindra integra (lesions lumbars
baixes i sacres) o estara totalment afectada (lesions cervicals i dorsals altes). El
control voluntari de la musculatura estriada del periné s’afectara practicament
en totes les lesions medul-lars. L'alteracié sera de més o menys magnitud en

funci6 de la severitat de la lesio.

Degut a I'afectacié del control neural de la continéncia i la defecacid, quan es
produeix una LM, depenent de les caracteristiques de la lesio (nivell neurologic,
gravetat, preservacio o no dels reflexes espinals implicats en la defecacio), es
pot produir una alteracié del funcionament del colon, recte i esfinters anals i
una perdua del control voluntari, en major o menor grau, de la defecacio,
provocant incontinéncia fecal i restrenyiment i complicacions com impactacions

fecals o patologia anorectal.

FUNCIO COLONICA | ANORECTAL DESPRES D’UNA LESIO MEDUL-LAR

La fisiopatologia de la disfunci6 intestinal després d’'una LM ha estat poc
estudiada. La majoria d’estudis aporten informacié parcial, centrant-se només
en la determinacio del TTC o en l'avaluacio de la disfuncié anorectal enlloc de
realitzar una avaluacié global, relacionant les caracteristiques de la lesio

neurologica, les manifestacions cliniques i la fisiopatologia.
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Alguns estudis han descrit un allargament del TTC en els pacients amb LM com
a grup (17, 34-38) i altres estudis més detallats mostren només un allargament
del TTC a la meitat dels pacients (38-40). De totes maneres no s’ha pogut
demostrar la relacio entre el TTC i els simptomes colorectals després d’una LM
(39). Només un estudi avalua el TTC en pacients amb LM incompleta (36),

concloent que és més rapid que en les lesions medul-lars completes.

Altres estudis han avaluat la funcié anorectal en pacients amb LM. S’ha descrit,
en pacients amb LM completa, pressions basals del canal anal disminuides,
sensibilitat rectal disminuida o abolida i reflexes rectoanals, després de la
distensio rectal, normals o exaltats (41). En canvi altres autors descriuen la
pressio basal del canal anal normal o augmentada (34, 40, 42-44) i el reflex
rectoanal inhibitori absent (40, 42). Pel que fa a la LM incompleta, alguns autors
han trobat la pressié basal del canal anal normal, pero la contraccié voluntaria
de 'EAE disminuida o absent en alguns pacients (41), mentre que altres autors
la troben present en tots els pacients (43, 45); I'evacuaci6 reflexa s’ha observat
en alguns casos (45) i altres autors no I'han descrit en cap pacient (41). La
majoria d’estudis, tant en la LM completa com incompleta, no han avaluat la

maniobra defecatoria.

Aquestes discrepancies son degudes a limitacions que tenen els estudis
realitzats: 1. series curtes; 2. definici6 inapropiada i no homogénia
d’incontinéncia fecal i restrenyiment; 3. inclusié en el mateix grup de pacients
amb lesions completes i incompletes; 4. classificaci6 inapropiada de la LM i

sense seguir els International Standards for Neurological Classification of
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Spinal Cord Injury; 5. centrar-se en nomeés una tecnica (TTC i manometria

anorectal), avaluant només un aspecte de la dinamica defecatoria.

Tenint en comte aquestes limitacions i que no s’han establert associacions
entre les caracteristiques de la LM, els mecanismes fisiopatologics de la
disfuncio intestinal i els simptomes colorectals, a la literatura trobem descrites
alteracions que poden estar implicades en la fisiopatologia del restrenyiment i la
incontinencia fecal en els pacients afectats d'una LM. Pel que fa a la
incontinencia fecal son: alteracié del control voluntari de 'EAE (28, 43, 46-48);
alteracié de la sensibilitat rectoanal (28, 40, 41, 43, 44, 46-48); augment de les
contraccions rectals durant la distensié rectal que provoquen evacuacions
reflexes (28, 41, 47); reflexes de continéncia abolits, com el reflex de la tos o el
rectoanal excitatiu (48). | pel que fa al restrenyiment: sensibilitat rectoanal
disminuida o abolida (28, 40, 41, 43, 44, 46-48); maniobra defecatoria
obstructiva amb contracci6 de I'EAE durant laugment de la pressi

intrabdominal (28, 47) i; TTC allargat (34-39, 46).

AVALUACIO DE LA FUNCIO INTESTINAL EN LA LESIO MEDUL-LAR

L’'avaluaci6 de la funcié intestinal secundaria a LM actualment es
fonamenta en la clinica. EI Consortium for Spinal Cord Medicine, en la seva
guia de practica clinica sobre budell neurogen (49), recomana realitzar una
avaluacio sistematica que inclogui: 1. caracteristiques de la funcié intestinal
actual; 2. capacitat funcional del pacient en relacié a la funcio intestinal i; 3.

exploracio fisica. Les seves recomanacions inclouen una anamnesi on s’avalui
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la funcio intestinal previa a la LM i antecedents patologics relatius a I'aparell
gastrointestinal; medicacio actual, inclosos els laxants i altres medicacions que
puguin influir en la funcié intestinal; les caracteristiques del programa
d’evacuacio actual: ingesta de fluids, dieta, nivell d’activitat fisica, horari, ajuda
d’'una altra persona, posicio, frequencia, temps dedicat, consistencia de la
femta, metode d’evacuacio empleat (estimulacié rectal mecanica o quimica,
evacuacio manual, maniobra defecatoria) i simptomes colorectals: distensio
abdominal, incontinéncia fecal, restrenyiment, patologia anorectal. La valoracio
funcional cal que tingui en comte la capacitat d’aprenentatge i de dirigir ordres
del pacient, la capacitat de sedestacid, la capacitat funcional de les extremitats
superiors (balan¢g muscular, sensibilitat superficial i profunda), I'espasticitat, la
independéncia en realitzar les transferéncies i les ajudes tecniques disponibles
i/o necessaries. L'exploracio fisica ha de consistir en una exploracié abdominal
(distensié, timpanisme), un examen rectal per avaluar la sensibilitat, la

presencia de patologia anorectal i la determinacié dels reflexes espinals sacres.

Les recomanacions del Consortium for Spinal Cord Medicine no inclouen
I'aplicacié d’escales per avaluar la incontinéncia fecal o el restrenyiment, ni

tampoc la realitzacio d’exploracions complementaries.

Molt recentment s’han publicat els International Spinal Cord Injury Data Set
referents a la funcio intestinal, el Bowel Function Basic Data Set (50) i el Bowel
Function Extended Data Set (51), amb l'objectiu d’estandaritzar I'avaluacioé de
la funcio intestinal en els pacients afectats d’'una LM en la practica clinica i

també fer possible I'avaluacio i comparacio de resultats entre diferents estudis.
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A grans trets inclou les recomanacions del Consortium for Spinal Cord
Medicine, pero per tal que la informacio es reculli de manera uniforme, cada
variable i les seves respostes, han estat definides i categoritzades. També
introdueixen la necessitat d’aplicar escales per avaluar la incontinencia fecal i el
restrenyiment, tenint en comte que, tot i que n’existeixen moltes, cap ha estat
acceptada per a aplicar-la en pacients afectats d’'una LM. També inclouen el
Neurogenic Bowel Score, aquesta escala es va publicar I'any 2006 i és I'inica
que ha estat elaborada especificament per a pacients afectats d’'una LM, té
com a objectiu mesurar la severitat del budell neurogen (52). El Bowel Function
Extended Data Set inclou la realitzacié d’'un examen rectal i la determinacio del
TTC total i segmentari amb marcadors radioopacs, tot i que consideren que el
valor d’aquestes exploracions en els pacients amb LM encara s’ha de
determinar. Altres exploracions complementaries, com la manometria anorectal,
les consideren d'utilitat en determinats estudis sobre el budell neurogen, pero
no les inclouen en els Bowel Function Data Set. Aquest fet contrasta amb la
funcio urinaria, on I'aplicacié d’exploracions complementaries com I'ecografia

abdominal o I'estudi urodinamic esta sistematitzat.

A falta de questionaris i escales especifiques per a pacients afectats de LM,
per a la realitzacié dels treballs que componen aquesta tesi doctoral es va
elaborar una entrevista estructurada i es va aplicar I'escala de Wexner (53) per
avaluar la incontinencia fecal i els criteris Roma Il (54) per avaluar el

restrenyiment.
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De les diferents exploracions complementaries que existeixen per avaluar la
funcidé colonica i anorectal, en aguesta tesi ens hem basat en la determinacio

del TTC i la manometria anorectal.

Escala de Wexner

Amb l'escala de Wexner s’obté una puntuacio per a la incontinencia fecal de
0 a 20 (el 20 és el grau més sever). S’avaluen els segients parametres:

1. Incontinencia a femtes solides.

2. Incontinéncia a femtes liquides.

3. Incontinencia a gasos.

4. Us de protectors.

5. Modificacié de I'estil de vida.
La puntuacié total s'obté de sumar la frequencia de cada parametre, sent: mai
= 0; rarament (menys d’'un cop al mes) = 1; algunes vegades (més d'un cop al
mes, perd menys d’'un cop a la setmana) = 2; freqiientment (un o més cops a la

setmana, perdo menys d’'un cop al dia)= 3 i; sempre (un 0 més cops al dia) = 4.

Criteris Roma Il

Segons els criteris Roma Il, un pacient es considera que presenta
restrenyiment si durant més del 25% del temps durant el darrer any, de forma
continuada o intermitent, o bé en un periode de temps que sumat representi
tres mesos, presenta dos o més dels segients simptomes:

1. Esforg defecatori.
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2. Femtes dures.

3. Sensacio d’evacuacié incompleta.

4. Sensacio d'obstruccié o bloqueig anal.

5. Desimpactacio manual per a facilitar la defecacio.

6. Menys de tres deposicions a la setmana.

Temps de transit colonic

Existeixen diferents métodes per determinar el TTC, actualment el més
acceptat a la practica clinica és el que es realitza mitjancant la técnica descrita
per Chaussade et al (55) y Metcalf et al (56). S’administren 60 marcadors
radioopacs, introduits en capsules de gelatina (10 marcadors/capsula), repartits
en tres dies consecutius (20 marcadors/dia), que es prenen a la mateixa hora, i
es realitzen dos radiografies simples d’abdomen el dia 4 i el dia 7 de 'estudi,
ambdues radiografies es realitzen a la mateixa hora que es van ingerir els
marcadors. El TTC es calcula per la totalitat del colon i pel colon dret, el colon
esquerre y el rectosigma. Per calcular el TTC total es realitza el recompte del
nombre total de marcadors en les dues radiografies i es multiplica per 1,2
(coeficient obtingut de la divisié entre d’interval en hores entre radiografies [72
hores] i el nombre total de marcadors administrats [60 marcadors]). Per calcular
el TTC segmentari es realitza la divisié de les radiografies tracant, des del
centre de la cinquena vertebra lumbar, tres linees, una que uneix les apofisi
espinoses vertebrals, una altra fins a I'espina iliaca anterosuperior esquerre i la
tercera fins la sortida pelvica dreta. Es multiplica per la constant 1,2 el nhombre

total de marcadors en les dues radiografies en cada segment.
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El Grupo Espaiiol para el Estudio de la Motilidad Digestiva va obtenir intervals
de referéncia del TTC total i segmentari amb aquest métode en la poblacié
espanyola sana, sent els valors superiors globals pel temps de transit total de
71,2 hores, del colon dret 22 hores, del colon esquerre 37,2 hores i del

rectosigma 37,2 hores (57).

Manometria anorectal

La manometria anorectal permet avaluar els mecanismes fisiopatologics
de la incontinéncia fecal i el restrenyiment avaluant: 1. pressio del canal anal en
repos i durant la contraccio voluntaria; 2. reflexes intrinsecs: reflex rectoanal
inhibitori; 3. reflexes extrinsecs: reflex de la tos o de Valsalva i reflex rectoanal

excitatiu; 4. maniobra defecatoria; 5. complianca rectal; 6. sensibilitat rectal.

La American Gastroenterology Association i també el Grupo Espafiol para el
Estudio de la Motilidad Digestiva han elaborat documents de consens sobre la
metodologia en la realitzaci6 d'aquesta prova (58, 59), recollint-se

posteriorment I'experiéncia col-lectiva en la seva realitzacio (30, 60).

La mesura de les pressions es pot realitzar de diferents maneres (catéters de
perfusio, microtransductors, microbalons plens d’aigua de diferents mides) (58).
En els treballs que componen aquesta tesi s’ha utilitzat un sistema de perfusio
continua amb bomba hidropneumocapil-lar amb tres tipus de sondes: 1. sonda

de polivinil de sis canals radials; 2. sonda de polivinil de 4 canals longitudinals
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amb un balé de latex a I'extrem i; 3. sonda de polivinii amb 4 canals

longitudinals amb una bossa de polietile a I'extrem.

Pressi6 basal del canal anal i de contraccié voluntaria

Pressié basal del canal anal: S'utilitza la sonda de sis canals radials.
S’introdueix a través del canal anal fins a 10 cm del marge anal i es va retirant
de forma estacionaria, centimetre a centimetre, registrant la pressio dels sis
canals a cada punt d’estacionament (30). La pressio basal del canal anal sera
la mitjana, de la mitjana, de les pressions de cada canal a cada centimetre (58).
La pressié basal del canal anal reflecteix I'activitat tonica de I'EAIl i de 'EAE, es
considera que entre el 75%-85% de la pressi6é del canal anal és deguda a I'EAI
i el 25-15% restants a 'EAE (58). La pressié basal varia en funcié del sexe i
I'edat, sent més elevada en els homes i els joves. El Grupo Espafiol para el
estudio de la Motilidad Digestiva va establir com a valors normals 71+/-21
mmHg per les dones i 80+/-24 mmHg per als homes (59), el seu valor clinic és
controvertit (30). Amb la retirada estacionaria en repos també es pot mesurar la
longitud del canal anal, es mesurara amb el nombre de centimetres on es
detecta un increment de la pressié. El seu valor pot variar entre 1,5-5 cm, sent

més llarg en els homes (58).

Pressié anal de contraccié voluntaria: Es realitza també amb la sonda de sis
canals radials i amb la retirada estacionaria, demanant al pacient, un cop els
canals estan dins del canal anal, que realitzi una contraccié voluntaria maxima

de 'EAE en cada punt de registre. La pressié de contraccio de 'EAE sera la
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mitjana de les pressions radials en el punt de maxima pressio (58). La magnitud
de la contraccié depéen de I'edat i el sexe, sent més important en els homes i en
els joves. El Grupo Espafiol para el Estudio de la Motilidad Digestiva estableix
el rang de normalitat per sobre de 80 mmHg (59). També es pot mesurar la

durada de la contraccio, pero la seva rellevancia clinica no esta establerta (30).

Reflexes intrinsecs: reflex rectoanal inhibitori

Aquest reflex s’explora amb la sonda de 4 canals longitudinals i el bal6é de latex
a I'extrem. Amb el bal6 col-locat al recte i almenys dos canals al canal anal, es
provoca la distensié del recte inflant el bal6 amb aire, de forma intermitent i
progressiva, de 10 ml en 10 ml i es registra la relaxacié del canal anal. La
desaparici6 d'aquest reflex pot indicar lesié del plexe mientéric, com en la
malaltia de Hirschprung, o lesi6 de I'EAI. En pacients amb denervacio
extrinseca, com seria el cas de la LM, aquest reflex es manté intacte (58). El
dintell de volum al que es desencadena, segons el Grupo Espafiol para el
Estudio de la Motilidad Digestiva és de 14+/-6 ml (59), la complianca del recte
influeix en aquest volum, si estd augmentada, es necessitaran volums de
distensi6 més elevats. El volum i la velocitat de distensio del recte també

influeixen en 'aparicio del reflex (58).

Reflexes extrinsecs

Reflex rectoanal excitatiu: S’explora amb la sonda de 4 canals longitudinals i

la bossa de latex a I'extrem. Mentre es realitzen les distensions intermitents i
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progressives per explorar el reflex rectoanal inhibitori s’avalua la presencia,
immediatament després de la distensio i just abans de la relaxacio de I'EAI,
d’'una contraccié de 'EAE. Com hem explicat anteriorment, €s un reflex espinal
(28) implicat en la continencia i en persones neurologicament sanes es

potencia de forma condicionadament apresa (26, 27) .

Reflex de Valsalva o de la tos: Aquest reflex s’explora també amb la sonda de
4 canals longitudinals i el balo de latex a I'extrem. Amb el bal6 col-locat dins el
recte i inflat 30 ml i almenys dos canals al canal anal, es demana al pacient
que realitzi un cop de tos o infli un globus. Es registra I'increment de la pressié
intrabdominal i del canal anal. L'avaluaci6 d’aquest reflex no és facil i és
recomanable el registre electromiografic de 'EAE. Les dades que indiquen un
reflex alterat s6n: magnitud de la contraccié anal menor que lI'augment de la
pressio intrabdominal; en cas d’EAE debil, contraccié anal menor que la
contraccio voluntaria maxima de I'EAE; i durada de l'increment de la pressio del
canal anal que no excedeix la durada de I'increment de la pressi6 intrabdominal

(30).

Avaluacid de la maniobra defecatoria

S’avalua amb la sonda de 4 canals longitudinals i el balé de latex a I'extrem.
Amb el bal6 de latex dins del recte, inflat 30 ml i almenys dos canals al canal
anal es demana al pacient que realitzi una maniobra defecatoria. Es
recomanable realitzar simultaniament el registre electromiografic de I'EAE. Es

registra la pressio intrabdominal realitzada i els canvis de la pressié del canal
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anal. En una maniobra defecatoria normal s’observara una compressio

abdominal associada a una relaxacio del canal anal (30).

Sensibilitat rectal

La sensibilitat rectal s’avalua mesurant la percepcié de la distensio rectal. Es
pot avaluar durant la distensi6 progressiva i intermitent del recte, que es realitza
per avaluar el reflex rectoanal inhibitori i I'excitatiu, o durant la distensio
progressiva i continua que es realitza per avaluar la complianca rectal. En les
dues técniques es registra el volum al que es produeix la primera sensacio, la
sensacié defecatoria i dolor (58). També es pot avaluar mitjancant I'is d'un
barostat, que és un sistema electronic que permet distendre el recte a

pressions i/o volums determinats (30).

Segons el Grupo Espafiol para el Estudio de la Motilidad Digestiva, el volum al
que apareix la primera sensacié és 23+/-9 ml (59). Aquests valors varien en
funcio de la teécnica emprada per la seva avaluacio, si la distensié és continua o
intermitent, de les caracteristiques del balé (mida, material) i de la complianca

rectal (58).

Complianca rectal (relacié pressio/volum)

S’avalua mitjancant la sonda de 4 canals longitudinals amb la bossa de
polietile a I'extrem, en ser d’aquest material la seva pressio practicament és

inexistent i no influeix en els resultats. La bossa es disté manualment amb aire
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de forma progressiva i continua de 10 ml en 10 ml i es mesura la pressio rectal
a cada volum, després d’'uns segons d’haver-lo introduit. També es pot avaluar
mitjancant I'Us d'un barostat. La complianca rectal depen de les
caracteristiques de la paret rectal. Els valors de la complianca és millor avaluar-
los en un grafic, doncs la seva progressio no és lineal i el valor d’un sol punt no

ens dona tota la informacio (30, 58).

TRACTAMENT DE LA DISFUNCIO INTESTINAL SECUNDARIA A LESIO

MEDUL-LAR

En contrast amb els avencos en el tractament de les sequeles
urologiques, el maneig de la defecacié en els pacients afectats d’'una LM ha
canviat molt poc des de L. Guttmann. El tractament es basa, fonamentalment,
en l'establiment d'un programa d'evacuacié (33, 49). El seu disseny i
modificacié es realitza de forma empirica, ja que no existeixen estudis que
demostrin una major o menor efectivitat entre diferents pautes (61). El
Consortium for Spinal Cord Medicine va elaborar una guia de practica clinica
per racionalitzar el tractament del budell neurogen (49). A part de I'establiment
del programa d’evacuacio, poques opcions més s’han mostrat efectives per a
tractar aquests pacients, destaca la publicacié de treballs que demostren
I'efectivitat de la irrigacid transanal i com a opcid, en pacients amb dificultats

greus per a I'evacuacio, la realitzacié d’una colostomia.
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Programa d’evacuacio

El programa d’evacuacidé és el pla de tractament dissenyat amb els
objectius de reduir o eliminar els episodis d’incontinencia fecal, realitzar
I'evacuacié intestinal de manera predictible i en un temps raonable i minimitzar
els simptomes gastrointestinals. Els seus components sén: horari, dieta i fluids,
activitat fisica, medicacio oral i métode d’evacuacié que inclou estimulacié
rectal mecanica, estimulacid rectal quimica, evacuacid manual i intent de

maniobra defecatoria (33, 49).

Horari, lloc, posicid, assisténcia d’'una altra persona i ajudes técniques

Les evacuacions han de ser regulars, en un horari i frequéncies establertes i
fixes per estimular una resposta habitual i predictible. Es recomana realitzar-la
cada 24 6 48 hores per evitar la distensié colorectal excessiva. El lloc
d’evacuacié dependra de la disponibilitat de bany adaptat i de les ajudes
tecniques necessaries, aixi com de les caracteristiques neurologiques de la
lesi6, que han de permetre una sedestacid6 comode i segura. EI més
recomanable és realitzar-la en sedestacio a I'inodor amb una alca de bany o
una cadira d’evacuacidé, si no és possible, es realitzara al llit. Les
caracteristiques de la lesio també determinaran la necessitat d’ajuda d’una altra

persona.
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Dieta, fluids i activitat fisica

Es recomana la ingesta abundant de fibora amb la premissa que la resposta
sera similar a les persones sense LM, produint-se un augment del TTC i del
pes i volum de la femta. La ingesta de liquids també ha de ser abundant per tal
d’evitar les femtes dures. Aquesta recomanacio té la limitacié de la necessitat
de la restriccio de liquids, si se segueix un programa de cateterismes
intermitents per tractament de la bufeta neurogena. Es recomana realitzar
activitat fisica de forma regular, apropiada segons I'afectacid neurologica del

pacient.

Metode d’evacuacio

Son totes aquelles maniobres utilitzades per provocar I'evacuacio de la femta.

1. Estimulacié rectal mecanica: consisteix en la introduccié d’'un dit amb
guant i lubricat al recte i realitzar moviments circulars que, en provocar
una distensio de la paret rectal, produeixen una relaxacio de I'EAI (reflex
rectoanal inhibitori) i també poden produir un augment de [lactivitat
motora del colon esquerre, afavorint I'evacuacio de la femta (62).

2. Estimulacié rectal quimica: és I's d’agents quimics via rectal en forma
de supositoris 0 enemes que provoquen un augment de l'activitat motora
distal del colon i anorecte ocasionant I'evacuacié intestinal.

3. Evacuacié manual: consisteix en I'extraccié de la femta que es troba en

el recte amb I'ajuda d’un o dos dits amb guant i lubricats.
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4. Intent de maniobra defecatoria: consisteix en la realitzacid de
compressions abdominals mitjancant maniobres de Valsalva o també

flexions anteriors del tronc.

En principi, els pacients amb preservacié de reflexes espinals sacres inicien el
programa d’evacuacio amb I's d’estimulacié rectal quimica i/o mecanica i els
pacients sense preservacié dels reflexes espinals sacres usen intents de

maniobra defecatoria i/0 estimulacio rectal mecanica (33, 49).

Medicacio

Si amb la dieta i els fluids no s’aconsegueix una consistencia de la femta
adequada es prescriuen laxants via oral. No existeixen estudis que comparin la
resposta entre diferents tipus de laxants, classicament s’han prescrit laxants
estimulants, sobretot els senosids (7), perd0 actualment es realitza una
prescripcié progressiva, comengant pels formadors de massa i seguint amb els
osmotics i finalment els estimulants. La mateixa progressio es realitza per a I'Gs

de supositoris i enemes.

Irrigacio transanal

Es un sistema format per un catéter rectal amb un bal6 inflable, una
bomba manual, una unitat de control i una bossa per emmagatzemar aigua. El
catéter s'introdueix al recte i amb la bomba manual s’infla el bal6 per fixar-lo i

segellar el recte, seguidament s’administra un enema d’aigua, la pressié que es
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genera a la bossa amb la bomba manual provoca I'entrada del fluid d’irrigacio al
recte. Posteriorment es desinfla el baldé i es retira el cateter i es produeix
I'evacuacié del contingut rectal. Amb la unitat de control es tria la funcio de la

bomba manual.

Al 2006 es va publicar un estudi randomitzat i controlat en pacients amb LM. Es
va comparar el tractament classic de la disfuncio intestinal (establiment d’'un
programa d’evacuacidé) amb [lirrigador transanal en pacients amb LM que
presentaven un o més dels seglents requisits: precisar trenta minuts o més per
a realitzar I'evacuaci6; incontinencia fecal un o més cops al mes; simptomes
de disrefléxia autonoma durant I'evacuacioé; malestar abdominal abans o durant
I'evacuacio. Els pacients que van rebre el tractament amb irrigacio transanal
presentaven menys restrenyiment, disminucié dels episodis d’incontinéncia
fecal, millor qualitat de vida i reducci6 del temps dedicat a I'evacuacio6 intestinal,
que els pacients que rebien el tractament classic de la disfuncié intestinal. El
sistema es va mostrar segur amb I'aparici6 d'efectes secundaris menors i

transitoris (63).

Colostomia

Tot i que és una opcié molt poc emprada en el nostre medi, hi ha estudis
que demostren que en pacients amb disfuncié intestinal severa, seleccionats
d'una manera acurada, la realitzaci6 d'una colostomia és beneficiosa,
presentant una millora de la qualitat de vida del pacient i una reducci6 del

temps dedicat a I'evacuacio (64).
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ESTIMULADOR D’ARRELS SACRES ANTERIORS

L'estimulador d’arrels sacres anteriors (SARS) és un tractament indicat
per a la bufeta neurogena secundaria a LM amb detrusor hiperactiu. Consisteix
en la implantacié d’'un receptor, normalment a la paret abdominal, connectat a
uns electrodes que s'implanten a les arrels sacres anteriors i d’un transmissor
extern, activat pel propi usuari, que envia estimuls eléctrics d’unes
caracteristiques predeterminades (amplitud, freqiéencia, durada, temps
d’activacio i temps de desactivacio), a les arrels sacres anteriors, provocant la
micci6. Per tal d’evitar la incontinéncia urinaria entre estimulacions, eliminar la
disinérgia vesicoesfinteriana, augmentar la capacitat vesical i evitar la
disreflexia autdonoma és necessari interrompre els arcs reflexes sacres

mitjancant la realitzaci6é d’una rizotomia de les arrels sacres posteriors.

L’electroestimulacié de les arrels sacres anteriors provoca la contraccio de la
musculatura llisa i estriada innervada per aquestes arrels, el principi pel qual es
produeix la micci6 és la resposta diferent a I'estimulacié eléctrica del muscul llis
(detrusor) i el muscul estriat (musculatura perineal i esfinter uretral extern).
Mentre que el mascul estriat es contrau rapidament quan s’inicia I'estimulacio i
es relaxa també rapidament quan cessa, el mascul llis es contrau i relaxa de
manera més lenta. Aquesta diferéncia provoca, al finalitzar I'estimul, un
gradient de pressio entre detrusor i esfinter uretral extern que permet la sortida
de l'orina. Si els estimuls electrics s’apliquen de manera intermitent, es pot

aconseguir una relaxacio periodica de I'esfinter uretral extern i musculatura del
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periné amb una contraccié mantinguda del detrusor, produint-se un gradient de

pressio que permet el pas de I'orina a I'exterior.

El primer SARS va ser implantat per Brindley et al al 1976 i els resultats inicials
es van publicar uns anys després (65, 66). Des de llavors s’han implantat més
de 2000 SARS a tot el mén (67). La majoria dels pacients aconsegueixen la
continencia urinaria i la miccio amb el SARS, reduint I'Us del cateterisme vesical
intermitent o la sonda vesical permanent i de medicacié anticolinérgica. La
incidéncia d’infeccions del tracte urinari disminueix i la disreflexia autonoma
desapareix en la majoria dels casos (68-70). La capacitat vesical augmenta, el
residu postmiccional sol ser inexistent o molt escas i la disinergia
vesicoesfinteriana desapareix (70, 71). El grau de satisfaccié del pacient és
elevat (69) i la seva qualitat de vida millora (71, 72). Les complicacions de la
tecnica sén la infeccio (2,6%) i, depenent de la técnica quirdrgica utilitzada, la
fistula de liquid cefaloraquidi (2-3%) i la lesié de les arrels sacres anteriors (O-
4%). La reintervencié quirdrgica és necessaria entre el 7-9% dels pacients,
habitualment per reparacié de I'implant o per completar la rizotomia posterior

(70, 73).

Tot i que aquest sistema es va dissenyar per a la miccié i només esta indicat
per al tractament de la bufeta neurdogena secundaria a LM amb detrusor
hiperactiu, el fet que la innervacié parasimpatica i somatica de la part distal del
colon i I'anorecte derivi de les mateixes arrels espinals sacres que pel sistema
urinari, el SARS pot actuar també sobre la funcié intestinal. Per aquesta

mateixa rad, en els pacients varons, també afecta a I'ereccio. El principi pel
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qual es produeix I'evacuacio és el mateix que per la miccio, el muscul llis (recte)
es relaxa més lentament que la musculatura estriada (EAE i musculs del
perin€), de manera que, quan cessa l'estimulacio, es produeix un gradient de

pressio entre recte i canal anal.

Pocs estudis hi ha publicats sobre els efectes clinics del SARS sobre
I'evacuacio intestinal. Tots coincideixen en que la majoria dels pacients utilitzen
el SARS per evacuar (68, 69, 74), pero aixi com alguns autors refereixen que
és I'inic metode usat per als pacients per a la defecacié (68, 74), altres
descriuen la necessitat d'aplicar també altres métodes d’evacuacié (maniobra
defecatoria, estimulaci6 mecanica, estimulacié quimica) (69). Alguns resultats
apunten que la majoria dels pacients milloren la seva funcid intestinal (68, 74) i

en altres estudis no s’aprecia aquesta millora (75).

Les publicacions sobre els efectes de I'estimulacié eléctrica sobre I'anorecte
també so6n molt escasses. Totes les arrels provoquen la contraccié del
rectosigma i de 'EAE (74-76). La contraccio meés intensa del recte i també del
sigmoide s’aconsegueix, en la majoria dels pacients, amb [l'estimulacid
simultania de les arrels S2, S3 i S4 bilateral (74), sent I'estimulacio de I'arrel S3
la que hi contribueix de manera més important (75, 76). L'arrel S4 és la que
intervé més en la contraccié de I'EAE (75). Alguns autors recomanen, per
optimitzar I'efecte del SARS sobre la funcié intestinal, realitzar una manometria
anorectal durant I'estimulacié per escollir millor els parametres i la combinacié

d'arrels a estimular (74, 75).
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Posteriorment a la implantacié del SARS, degut a la rizotomia de les arrels
sacres posteriors previa, s’han descrit canvis en els resultats de la manometria
anorectal d’aquests pacients. Es perd la resposta contractil del recte a la seva
distensio, pero persisteix el reflex rectoanal inhibitori, la complianca rectal
augmenta i desapareix la contraccio de 'EAE en resposta a la distensio rectal
(reflex rectoanal excitatiu) i a I'augment de la pressio intrabdominal (reflex de
Valsalva) (28). En algun estudi també s'ha apreciat un escurcament del temps

total de transit de la femta a través del colon (77).
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PRESENTACIO

L’escas coneixement actual de la disfunci6 intestinal secundaria a LM,

tant pel que fa a la clinica, la fisiopatologia i al seu tractament, va motivar a

realitzar els treballs que constitueixen aquesta tesi doctoral que ha quedat

constituida per quatre articles:

El primer treball realitzat va ser “Alteracion de la funcion intestinal en
pacientes con lesibn medular: relacion con las caracteristicas
neurologicas de la lesion” on es descriuen les caracteristiques cliniques
de la disfuncié intestinal secundaria a LM i es relacionen amb les
caracteristiques neurologiques de la lesié.

Els dos treballs segients, “Bowel dysfunction in patients with motor
complete spinal cord injury: clinical, neurological, and pathophysiological
associations” i “Bowel dysfunction pathophysiology in patients with motor
incomplete spinal cord injury. Comparison with motor complete spinal
cord injury patients”, aprofundeixen en el coneixement de Ila
fisiopatologia de la disfunci6 intestinal secundaria a LM.

Finalment el treball “Effect of sacral anterior root stimulator on bowel
dysfunction in patients with spinal cord injury”, avalua els efectes clinics

sobre la funci6 intestinal del SARS.
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Determinar la prevalenca de simptomes colorectals en pacients amb

lesiéd medul-lar cronica.

. Relacionar les caracteristiques cliniques de la disfuncié intestinal i la

seva fisiopatologia, en la lesi6 medul-lar cronica, amb les

caracteristiques neurologiques de la lesio.

. Descriure la fisiopatologia de la disfunci6 intestinal en pacients afectats

de lesi6 medul-lar motora completa (ASIA A i B) i relacionar-la amb la
clinica de la disfuncié6 intestinal i les caracteristiques neurologiques de la

lesio.

Descriure la fisiopatologia del restrenyiment en els pacients afectats de

lesié medul-lar motora completa (ASIA Ai B).

. Descriure la fisiopatologia de la incontinéncia fecal en els pacients

afectats de lesié6 medul-lar motora completa (ASIA A'i B).

. Descriure la fisiopatologia de la incontinéncia fecal i el restrenyiment en

els pacients afectats de lesi6 medul-lar motora incompleta (ASIA C i D) i
comparar-la amb la fisiopatologia dels pacients amb lesi6 medul-lar

motora completa (ASIA A'i B).



Obijectius

Avaluar el resultat clinic sobre la disfuncié intestinal de I'estimulador

d’arrels sacres anteriors.

Avaluar factors fisiologics que puguin determinar I'eficacia sobre la

disfuncio intestinal de I'estimulador d’arrels sacres anteriors.
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ORIGINAL BREVE

Alteraciones de la funcion intestinal en pacientes
con lesion medular: relacion con las caracteristicas
neurologicas de la lesion

Margarita Vallés, Rosa Terré, Domingo Guevara, Enric Portell, Joan Vidal y Fermin Mearin
Instittd Guttmann. Universidad Auldnoma de Barcelona. Badalona, Barcelona, Espana,

Fuscawesto v oaEmwe: Evaluar chinkcaments la
funcign intestinal en pacientes con lesion medulas
¥ relacionarla con sus caracheristicas neunlbgicas.

Pazewtis v wetonc: Se evaled a 109 pacientes, de

segim la American Spinal Cord Injury Assotiation
MEM]' Impairment Scale, ol B5% se clasificd
coma A [completal, ol 12% come B (incompleta
nmﬂ:h\li. el 11% como C (imcompleta motora

B3% tenia reflejos espinsles sacros (RES). 5S¢ rea-
lizth uma entrevista y una anomectal,

Rizuctancs: El 77% de los pacienies necesitaba la-
uanbes ¥ el 68%, tacio rectal; un 10% evacuaba
menos de 3 veces por sermans ¥ un 18% precissha
mis de 1 h para la defecacion; el 27% presentaba
Mh.ﬂzlkw nam

Palabras clave: Lesidn medular, Inlesting
reurdgens. Extrefiimienin. Incordinencia fecal

Bowel dysfunction in patients with spinal cond
injuery: refation with neurclogical patierns
Bacemacomn ano cesectve: Thie study comsisted of

imjury (SC1).

Panints Ao witwos- 109 patients; 30% tetraple-
Eles and ?-D'ﬁ-puﬂqhi ASIA Impalrment Sca-
lez 65% A (complete), 12% B {sensitive incom-
plete), 11% C {moled incomplele with muscle
grade <3}, 13% D (molor incomplete with muscle
grade = 3). 3% had spinal sacral reflexes (SSR)
An interview and anc-rectal examination were per-

Ao e 77% patients required Lanakives and GE%

miuksticn and presenbed colo-rectal symploms.

Conciuwone: The prevalence of colo-rectal symp-
toms i3 high in S5CI patients and neuragenic bo-
wel characleristics are related to neuralogical pat-

:

My worss: Spinal cord inuiry, Neurogenic bowel,
Corstinabon. Fecal inconfinance

La lesion medular (LM) s un problema
medico, social y economico de primera
magnitud. Actualmente muchos de los
pacienies gue la presentan llevan una
vida activa hasla edades avanzadas, de
mada que los problemas derivados de la
LM adquieren mayor importancia cuando
s han reinsertado ya a su entorno socio-
familiar. El control de los esfinleres es
uno de ellos!. Mientras que la disfuncian
urinaria estd bien esiudiada, e estudio
de la disfuncidn intestinal esta mucho
menos desarmollado. Las caracteristicas
de la LM —localizacion, gravedad y pre-
servacion de bos reflejos espinales sacros
(RES}- influyen en el control neural de la
defecacin y, en consecuencia. en las
caracteristicas del intesting neur

objetivo de este trabajo es describir las
caracteristicas de la funcidn intestinal en
un grupo de pacientes con LM crdnica y
su relacion con las caracteristicas neuro-
Kgicas de la LM,

Pacientes y método

Facienfes

56 ha evaluxdo prospectivamente 3 109 pacemes
fun 77% varones y un 23% mujeres; edad media: 45
anos) con LM (raumabca an un 72% de los casos y
medica en en 28%) en lase cromca (mds de un aho
de evoluciin; bempo medio: 12,5 ahes), todos ellcs
tratados mediante un progama clisios de manejo in-
teslingd, que 5 incluyeron en el estudio de Torma
conseculivg Cuando acudieron & realzarse 1a revision
mésfica anuad, Segin ks Inlemational Standards. for
Maurological Classification of Spinal Cord |njury de la
funerican Spinal Cord Injury Association (ASIAY & lo-
caliracsdn de 3 lessdn era ceracal en &l 30% de los
pacinbes, dorsal ¢n 6l 57% y lumbosacra en el 13%,
For ko gque se refiere & L pravedad de 1s lesion (ASIA
Impairment Scake), en el b5% de ks casos se clasifi-
caba coma A {oomplela: sin funcitn molora m Sendg-
tva en ks segmenios sscrod 54850, en o 12%
coma B (incompleta: hay presenvacion de la funcidn
sensiliva, pero nd de la malora, por debapn del nivel
neurciigicn y 5o extience hasty s sepmanios Sacros
54-85), en un 11% como C (incomgdeda: funcitn mo-
tora presemada por debaje ded nivel peuroldgico ¥
rrds de la mitad de los misculos elave por debajo del
nivel neurclégico estan con un balance muscular
= 3} ¥ e un 13% como [ {incompleta: Tuncidn mao-
tord preservads por Oebegs o8l mevel neunslogco y 8l
mengs 13 mitad de los misculss clave por debajo del
nived neuroligsco estdn con un balance muscular de
grado = 3). Los RES (anal superfical y bulbocaverno-

=0) esiaban presentes en el 83% de los casos y au-
sanlis on @l 17%. En Lk takis ] 56 refumen LS ch-
racierishcas npurologecas de o5 pacinbes,

Mefodks

Lo realizd una evaluaciin clinica mediant? una enbie-
wista esiruciurada y personal, asi como una explora-
cign fsaca de la regon angrrectal para disgnosticar
enfermedad anorectal ¥ comproba 13 exisiencis de
los RES. En la enbrevista s recogian antecedenbes
gasirinbestinales previos 3 [ IRsion ¥ CLeSones -
fativas 8l programa de evacuaciin: dieta, |sxantes,
mdedo de evacuaciin (Iaclo rectal, mangbva dale-
caloria, eshmulacidn quimeca medianle supcsiorial,
catartertsticas del habbo deposkcional (lugar, depen-
dencia de fercera persana, frecuences, lismpd em-
peada ~desde ln aplicacion ded méiodo de evacia-
citn hasta el final de ka defecacion=-) v los problemas
relacionados con b3 evacuacking tales como incondi-
fencia 1echl (Presencia de inconbmencia @ heces y
Irecuencid —ars, semansl menseal o menss de
uma vez al mes-), estrefimieno (si e necesilaba
mas da 1 h para realizar la evacuation via la realiza-
ba oon una frecuencia inferior a cada 72 h), enfer-
medad anorrecial y disnefexia auldnoma (presencia
i pileraccain, sudacsdn, rubor o cefalea duranie B
SCLACION intestinal)

Andites gsiadisin

Lo realizaron un estudio estadistico desoplive y un
Bdigis Divaniable pars elermingr L Caacterisicas
de by luncidn inbestinal y las diferencias en relaciin
con @ bpo de LM, Se agrupd a los pacientes en
4 grupos: &) lesidn cervical (fetrapdsjial, con ASIA A,
B oGy RES presentes: B lessdn doral o lumbosacn
{paraplegial, ASIA A, B o C y RES presentes; ¢l para-
phajia y ASIA A o B, sin RES, y o) tetraplejia o pasa-
phejia, ASIA Dy RES. En ka labla 1 se recogen |25 ca-
racieristicas neurckdgicas y el nimesa de pacientes
i cada grupa

S udilizarcn o test de independancia de la ° para
las vanables catepdricas y o best oe la § de Sludent
para ks variabdes confinuas, eslableciendo la signi
caciin para valores de p menones de 0,05,

Resultados

En la tabla 2 se reflejan de forma detalla-
da los resultados.

El 77% de los pacientes requena laxan-
tes {un B5% por via oral y un 60% por
wia rectal). EI 30% evacuaba en la cama
y el 36% eran dependientas para llevar a
cabo la evacuacion. El 68% precisaba
tacto rectal, Un 10% evacuaba menos da
3 veces por semana y un 18% necesita-
ba mas de 1 h para la defecacian. Tras la
LM el 61% presentaba algon sintoma co-

Insiut Gaftrmann. Cami de Can Rudl, s'n. 08916 Badalona. Barcelona, Espafia,

Lot alecironco: maliesSgutlmann.com
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TABLA 1
Caracteristicas neurolégicas de |a lesion medular en los distintos grupes de pacientes
Alecdacin neurckigica Gravedsd" Refleion eapirubes tacos
pn Cervical Dorssl Lumbosacra A B c o Presentes Ausenies
1 (=27} 27 . - 15 ¥ 51 27
2({n=51) - 45 5 in 5 7 - 51 -
3in=18) - 11 i 17 1 - - - 18
4 {n =13} B 5 2 - - - 13 13 -
Tot (n = 1059) 33 &2 14 7l 13 12 13 91 18
Porceniage o 57 13 65 12 11 13 B3 17
*Amurican Spiral Cord Injury Associalion [ASIA) mpakrment Scals.
TABLA 2
Funcion intestinal en relacion con las caracteristicas neurologicas de la lesién medular
Tetraplejla Paraplejls t
ASIAA B, C ASIA A B, C paraplejia ASIA D Todos ke pacientes (%)
RES preseries (%) RES presentes (%) RES ausserfes. (%) RES presentes {%)
Toma de lasantes ab B2 6l b 7
Via oral &7 54 3 38 55
Via recial ay 70 xr 15 &0
Evacuaciin en la cama it 22 21 0 30
Dependencia de ung IEYCera persoaa B 24 24 B 36
Método de evacuaciin
Tacto rectal &7 B0 61 38 68
Supositorio a3 Fiil 2 15 50
Maniobra debecalons i 63 B3 BS 44
Frecuencia de mvacuaciin
Cada 24 h o mas 1] B 5% ) 17
Cada 48 h B B a0 23 Bl
Cada 72 h o menos I8 25 5 16 22
Tiempo emipleado (min)
< 30 1" 3G JE e a1
060 bh 44 17 23 41
= 0 33 16 [ B 18
Sintomas colorrectales il L] 56 38 Bl
Estrofiimignty 4l 24 11 15 27
Incontinencia fecal 19 41 1 15 A
Inconfinencia facal = | por semana 8 10 12 0 8
Enfermedad anormectal 30 33 4 3l 3l
Dhsreflasia Bubdrnoma IR 18 o o 18

o« 005 pn pacienios oon iefrapief y ASIA A, B o C respecta al reslo de gnupos, 'p < 0.05 on pacenies con pasapleia y 9n RES respecto a los pacienies ASIA A, B o C con RES {iriraphijicos y
[eain]e e ] ‘pa{}tﬁm:ﬂ'u‘n‘dﬁrﬂ'ﬂ ASLA D rosesacio @ packenios con ASIAA. Bo G :.-rmFlEs presaries, parapidirs o o pligos
ASIA; Amercan Spiral Cond Injury Association [impaiment Scalok RES; nefings espinales sac

lorrectal (en un 27% de los casos previo
a la LM): estrefimiento el 27%, inconti-
nencia fecal el 31%, enfermedad ano-
rrectal el 31% y sintomas de disreflexia
autonoma el 18%, Los pacientes con fe-
traplejia de gravedad ASIA A, B o C eran
mids dependientes, evacuaban mas en la
cama, utilizaban mas supositorios, preci-
saban mas tempo para la defecacion y
presentaban mas estrefiimiento que o
resto de grupos (p < 0,05). Los pacientes
con parapkejia de gravedad ASIAA Bo C
can RES utilizaban mas supositorios, eva-
cuaban con menos frecuencia ¥ necesi-
taban mas bempo para la evacuacion
que los pacientes parapléjicos sin RES (p
< (3,05), Sdlo los pacientes con localiza-
cién alta de la lesidn (superior al dorsal
B), gravedad ASIA A, B o C v RES presen-
taban disreflexia autdnoma (p < 0,05).
Los pacientes con gravedad ASIA D tam-
bién precisaban laxantes v tacto rectal
para evacuar, aungue con menos fre-
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cuencia {p < 0,05), y manifestaban sinto-
mas colorrectales,

Discusidn

Muestro estudio demuestra que los pa-
cientes con LM, pese a la reeducacion
intestinal, precisan una especial dedica-
cian y tiempo al cuidado de su intestino
naurdgeno, a pesar de lo cual la preva-
lencia de sintomas colorrectales es eleva-
da. Ademds, estas alteraciones repercu-
ten de forma nepativa en su calidad de
mald.ﬁl

Las caracteristicas neurologicas de la le-
sifin (localizacion, gravedad y presencia o
ausencia de RES) condicionan, por una
parte, las caracteristicas del confrol neu-
ral del calon, recto y esfinter anal, y, por
otra, la capacidad funcional del paciente
para el manejo del intestino neurdgeno
(capacidad de trasladarse al inodom y
mantenar la sedestacion, capacidad de

realizarse la estimulacion mecanica o in-
serfarse un supositono, capacidad para
efectuar prensa abdominal). Por estos
mativos se observan diferencias entra los
distintos grupos de pacientes estudiados,
Los pacientes con lesiones mds graves
(tetrapbejia v ASIA A, B o C) presentan un
mayor grado de dependencia y evacua-
cibn en cama por [as limitaciones funcio-
nales derivadas de fa pardlisis, que afecta
a las 4 extremidades. El uso de laxantes
por via rectal s mas habitual en las le-
siones con RES y ASIA A, B o C, ya que
asi sa estimulan reflejos espinales que fa-
woreceran la evacuacidn de las hecesh,
Las pacientes con capacidad de prensa
abdominal (paraplajia wo ASIA D), I6gica-
mente, usan mas la maniobra defecato-
rig, aunque en los pacientes parapléjicos
con RES se han descrito mankbras defe-
catorias obstructivas™, por lo que tam-
bién recurren & L estimulacion quimica
can supositono y tacto rectal.



Los pacientes con paraplejia sin RES y
aquellos con gravedad ASIA D realizan la
defecacion mas frecuentemente y en me-
nos tiempo, Los primenns no deben espe-
rar el iempo necesantd para que el Supo-
sitorio o la estimulacion digital proveguen
los reflejos espinales v, al tener también
afectados 105 reflejos espinales que parti-
cipan en la continencia fecal (reflejo in-
flatorio, reflejo de Valsalva)®®, deben va-
ciar frecuentemente el contenido rectal
para evitar su salida involuntaria, En los
pacientes de gravedad ASIA D la disfun-
Cion intestinal es menos grave, y precisan
MEnas empo para su manejo.

Un aspecto destacable de nuestro estu-
dio es que todos los grupos, Incluso los
pacientes con ASIA D, cuya lesidn neuro-
[Ggica es menos grave, pueden presentar
sintomas derivados del intesting neurdge-
no, Hemos demostrado que el estrefi-
miento 25 mas prevalente en las lesiones
cervicales y con gravedad ASIA A, B o C;
en estos pacientes la afectacidn del con-
trol neural de la evacuacion intestinal es
mias grave, Como consecuencia de la alta
prevalencia de estrefiimiento, la enferme-
dad anorrectal tambign es muy frecuen-

WALLES M ET AL, ALTERACIOMNES DE LA FURCION INTESTINAL EN PACIENTES COMN LESION MEDULAR:
RELACION COM LAS CARACTERISTICAS NELIRDLOGICAS DE LA LESION

te. La incontinencia fecal as el sintoma
del intestino neurdgeno que mas molesta
a los pacientes con LM, y un tercio de
nuestra serie presenta episodios de in-
confineéncia; aunque es mas prevalente
en pacientes parapléjicos, no hemos en-
contrado  diferencias  significativas  con
atros grupos. Solo los pacientes con LM y
riesgn de disreflexia autdnoma {localiza-
cidn alta de la lesion, ASIA AB o C, RES
presentes) presentan estos episadios du-
rante la defecacion”.

En definitiva, los sintomas colorrectales
tienen una prevalencia elevada en los pa-
cientes con LM. Las caracteristicas new-
raldgicas de la lesion condicionan las ca-
racteristicas del tratamiento del intesting
neurdgenc v sus sintomas.
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BACKGROUND: Abnormal bowel function is a key problem in patients with spinal cord injury (SCI). Previous works
provided only partial information on colonic transit time (CTT) or anal dysfunction but did not

identified a comprehensive neurogenic bowel pattern.

AlIM: To evaluate clinical, neurological, and pathophysiological counterparts of neurogenic bowel in
patients with motor complete SCI.

METHODS: Fifty-four patients (56% men, mean age 35 yr) with chronic motor complete SCI (mean evolution
time 6 yr) were evaluated: 41% with injuries above T7 (>T7) and 59% with injuries below T7 (<T7);
patients were also classified according to the presence or not of sacral spinal reflexes. Clinical
assessment, total and segmental CTT quantification, anorectal function evaluation by manometry,

intrarectal balloon distension, and surface electromyography were performed.

RESULTS: Three different neuropathophysiological patterns were observed: Pattern A, present in >T7 injuries,
characterized by very frequent constipation (86%) with significant defecatory difficulty and not very
severe incontinence (Mean Wexner score 4.5); it was related to moderate delay in CTT (mainly in
the left colon and recto-sigma), incapacity to increase the intra-abdominal pressure, and the
absence of anal relaxation during the defecatory maneuvre; Pattern B, present in <T7 injuries with
preserved sacral reflexes, characterized by not so frequent constipation (50%) but very significant
defecatory difficulty and not very severe incontinence (Wexner 4.8); the pathophysiological
counterpart was a moderate delay in CTT, capacity to increase intra-abdominal pressure, increased
anal resistance during the defecatory maneuver, and presence of external anal sphincter (EAS)
contraction when intra-abdominal pressure increased and during rectal distension; Pattern C,
present in <T7 injuries without sacral reflexes, characterized by not very frequent constipation
(56%) with less defecatory difficulty and greater severity of incontinence (Wexner 7.2); this was
associated with severe delay in CTT (mainly in the left colon), capacity to increase intra-abdominal
pressure, absence of anal resistance during the defecatory maneuver, and absence of EAS
contraction when intra-abdominal pressure increased and during rectal distension.

CONCLUSION: In patients with motor complete SCI, we were able to define three different neuropathophysiological
patterns that are associated with bowel function abnormalities and clinical complaints; this might

be of help when designing therapeutic strategies.

(Am J Gastroenterol 2006;101:2290-2299)

INTRODUCTION

Spinal cord injury (SCI) is a first-magnitude medical, so-
cial, and economic problem. The number of persons with
SCl in the United States has been estimated at approximately
200,000 (1). Many patients with SCI are young and have to
live with this condition for many years. In fact, since Ludwig
Guttmann began rehabilitating treatment for patients with
SCI in 1944, their life expectancy has strikingly increased

Q).

Abnormal bowel function is, together with loss of mobility
and urinary and sexual dysfunction, one of the most bother-
some problems in patients with SCI (3-5). Thus, symptoms
related to neurogenic bowel have important repercussions on
emotional and social life (6). Nevertheless, the study of the
pathophysiological background of colonic and anorectal dys-
function in SCI has received scant attention. Moreover, most
studies have provided only partial information on bowel dys-
motility, focusing on colonic transit time (CTT) or anal dys-
function, rather than identifying a comprehensive neurogenic

2290



bowel pattern according to different neurological abnormal-
ities and clinical manifestations. Constipation, obstructive
defecation, and fecal incontinence are known to be frequent
complications of SCI; however, their presence and severity
are not homogeneous in all patients and depend on the inte-
gration of mechanisms such as abdominal compression, col-
orectal motor activity, and anal sphincter function. Several
studies have found CTT to be increased in patients with SCI
as a group (7-12). However, more detailed analysis shows
increased CTT in only around half the patients (11, 13, 14).
Furthermore, there is little relationship between CTT and in-
testinal symptoms after SCI (13).

Other investigators evaluated anorectal function in patients
with SCI. Greving et al. (15) found patients with complete
lesions to have lower resting pressures of the internal anal
sphincter (IAS), diminished or absent anal and rectal sensa-
tions, and normal or exaggerated rectoanal reflexes following
rectal distension. Other authors found IAS basal pressure to
be decreased, normal, or even increased (7, 14, 16—18) and
the rectoanal inhibitory reflex (RAIR) to be present (18-22)
or absent (14, 16). It should be mentioned that defecatory
maneuver was not evaluated in most studies.

These discrepancies in reported bowel function and
anorectal motility in SCI could be because of several pit-
falls of previous investigations: (1) small sample size; (2) in-
appropriate definition of constipation and incontinence; (3)
inclusion of patients with complete and incomplete SCI; (4)
inappropriate classification of the SCI according to the Inter-
national Standards of Neurological Classification of SCI and
presence or absence of spinal reflexes; and (5) focus on a sin-
gle technique (CTT measurement or anorectal manometry) to
evaluate only one aspect of defecatory dynamics. Therefore,
we aimed to evaluate clinical, neurological, and pathophys-
iological counterparts of neurogenic bowel including only
patients with complete motor SCI (ASIA impairment scale
A or B). We hypothesized that neurological characteristics
might have significant pathophysiological and clinical im-
plications that could help to better characterize neurogenic
bowel.

PATIENTS AND METHODS

Patient Characteristics

Fifty-four patients (56% men, 44% women; mean age 35
yr) with complete motor SCI in chronic phase (mean evo-
lution time 6 yr, range 1-30 yr) were included in the study.
SCI etiology was traumatic in 81% of cases and medical in
19%. SCI was classified using the International Standards for
Neurological and Functional classification of SCI according
to neurological level (the most caudal segment of the spinal
cord with normal sensory and motor function on both body
sides) and the ASIA Impairment Scale (23). According to
neurological level, 17% patients had cervical, 59% dorsal,
and 24% lumbosacral lesions. For study purposes, patients
were divided into two groups according to neurological level
depending on the presence or absence of voluntary control
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Table 1. Spinal Cord Injury (SCI) Level and Presence/Absence of
Sacral Spinal Reflexes (SSR)

SCI Level SSR Present SSR Absent Total
C2-C8 9 0 9
T1-T6 12 0 12
T7-T12 10 9 19
Below T12 4 9 13
Total 36 18 54

of abdominal muscles: (1) patients with neurological level
above T7 (>T7 SCI), when voluntary control of abdominal
muscles was absent; and (2) patients with neurological level
T7 or below (<T7 SCI), when voluntary control of part or all
of the abdominal muscles was maintained; only two patients
had T6 neurological level injuries and both were unable to
increase intra-abdominal pressure by coughing or defecatory
maneuver attempt. According to the ASIA impairment scale
74% of patients were classified as grade A (no sensory or mo-
tor function preserved in S4-S5 sacral segments) and 26%
as grade B (sensory but not motor function preserved below
the neurological level, including S4—S5 sacral segments). Pa-
tients were also classified depending on the presence or not
of clinically evaluated sacral spinal, anal superficial, and bul-
bocavernosus reflexes: present in 67% of cases and absent
in 33%. Table 1 shows patient distribution according to the
presence or absence of sacral spinal reflexes in relation to the
SCI level.

Clinical Evaluation

All patients underwent a personal structured interview, gen-
eral physical examination, and specific anorectal region ex-
amination to detect any possible pathology (hemorrhoids, fis-
sure, prolapse). The interview covered background prior to
the injury, previous gastrointestinal complaints, questions re-
garding their current bowel program (dietary changes, use
of laxatives, defecatory method—mechanical stimulation,
chemical stimulation, abdominal massage, defecatory ma-
neuvers), bowel movement characteristics (frequency, time
required, place, dependence on a third person), and finally,
problems related to evacuation (fecal incontinence, constipa-
tion, autonomic dysreflexia, and anorectal pathology). The
severity of fecal incontinence was assessed by the Wexner
scale (24) and presence of constipation was evaluated us-
ing similar criteria to those used for functional constipation
(Rome Il criteria) (25). According to the Wexner scale a score
from 0 to 20 is obtained for incontinence (0 being perfect
and 20 complete incontinence). The following five param-
eters are evaluated: (1) incontinence for solids; (2) incon-
tinence for liquids; (3) incontinence for gases; (4) wearing
pad; and (5) lifestyle alteration. The total score is obtained
as the sum of each parameter frequency being: never = 0;
rarely (<1/month) = 1; sometimes (<1/wk, >1/month) =
2; usually (< 1/day, >1/wk) = 3; and always (>1/day) = 4.
Rome II criteria for constipation are as follows: (1) strain-
ing in more than one fourth of defecations; (2) lumpy or hard
stools in more than one fourth of defecations; (3) sensation of
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incomplete evacuation in more than one fourth of defecations;
(4) sensation of anorectal obstruction/blockade in more than
one fourth of defecations; (5) manual maneuvers to facilitate
defecation in more than one fourth of defecations; (6) less
than three defecations per week. A patient was considered to
have constipation when at least two of these features were
present.

Colon and Anorectal Functional Studies
In all patients, the propulsive function of the colon was eval-
uated by determining total and segmental CTT using ra-
diopaque markers, and rectum and anal sphincter function
was evaluated by anorectal manometry, intrarectal balloon
distension, and surface electromyography.

Quantification of Total and Segmental CTTs

Total and segmental CTTs were quantified using the ra-
diopaque marker technique described by Chaussade et al.
(26) and Metcalf et al. (27). Reference intervals used for to-
tal and segmental CTT interpretation were those obtained in
healthy volunteers by the Spanish Group for the Study of
Digestive Motility (28).

Anorectal Manometry/Surface Electromyography

Studies were performed following the protocols of the Amer-
ican Gastroenterology Association (29) and the Spanish
Group for the Study of Digestive Motility (30). Patients were
evaluated after having evacuated using their normal method
on the night or morning prior to the examination; absence
of feces inside the rectum was verified by digital exami-
nation. Measurements were performed using three different
catheters: (1) a catheter with six radial channels located 1
cm from the end of the catheter; it was used to determine the
pressure profile of the anal channel (basal and maximum pres-
sure during an attempt at voluntary contraction); (2) another
catheter with a latex balloon of 200 mL capacity at the end
and four longitudinal channels located 1 cm apart from the
balloon and separated from each other by 1 cm; it was used to
examine intrinsic recto-sphincteric reflexes (RAIR), extrin-
sic recto-sphincteric reflexes (cough reflex, inflatory reflex),
the attempts to expel the balloon (defecatory maneuver), and
rectal perception by progressive intermittent rectal distension
using 10 mL steps until 100 mL. Perception of rectal disten-
sion was evaluated in the standard way as first sensation,
tenesmus, and maximum tolerated volume; however, in most
cases, perceptive response to rectal distension was vague and
nonspecific and only a minority of patients had well-defined
sensations; and (3) a third catheter with a polyethylene bag
of 500 mL capacity at the end and four longitudinal chan-
nels in the same positions as the previous catheter; it was
used to assess rectal compliance (pressure/volume ratio) by
progressively and manually distending the rectum at 10 mL
steps every 10 min up to 200 mL and recording the pres-
ence of rectal contractions (defined as an increase in rectal
pressure more than 4 mmHg maintained for at least 3 s) and

the presence of spontaneous electromyographic external anal
sphincter (EAS) activity.

A high-compliance hydropneumocapillar perfusion sys-
tem connected to an eight-channel digital polygraph was used
for pressure recording. Pressures were measured using ex-
ternal transducers placed on each infusion line and on the
balloon line. All manometric measurements were conducted
during simultaneous recording of surface electromyographic
activity of the EAS by using two self-adhesive electrodes
placed in opposite quadrants and as close as possible to the
anus; a reference cuff electrode was placed around the pa-
tient’s thigh.

Data Analysis

Patients were divided into three groups: (A) >T7 SCI (neu-
rological level above T7, all with spinal sacral reflexes; (B)
patients with <T7 SCI (neurological level at or below T7)
with spinal sacral reflexes; and (C) patients with <T7 SCI
(neurological level at or below T7) without spinal sacral re-
flexes. An assessment was also made according to the ASTA
Impairment Scale classification and level of injury. A descrip-
tive statistical analysis with bivariate analysis was carried out
to determine differences in bowel habits, complications de-
rived from the neurogenic bowel, and results of anorectal
manometry and CTT evaluation, according to the neurolog-
ical characteristics of the injury. The x? independence test
for categorical variables and Student’s #-test for continuous
variables were used to determine statistical significance. Vol-
ume/pressure ratio analysis was made using multivariate anal-
ysis of variance (MANOVA). The level of significance was
p < 0.05.

RESULTS

The main results among different groups of patients are
shown in Table 2.

Patients with Injuries Above T7
CLINICAL DATA. Sixty-one percent of patients had
changed their diet after the SCI to increase the amount of
fiber and 82% were taking laxatives (18% rectal laxatives,
9% oral laxatives, and 55% both). Fifty-five percent achieved
bowel movements on the toilet and 45% in bed; 45% required
the aid of a third person. Most patients (91%) induced evac-
uation by mechanical stimulation (digital rectal stimulation
and/or manual evacuation), which may have been associated
with chemical stimulation (the use of suppositories) in 73%
and/or a defecatory maneuver used by 50% of patients. Half
the patients had bowel movements approximately every 2
days, 23% every day, and 27% every 3 days. Time devoted
to defecation was less than half an hour in 37% of patients,
from halfan hour to 1 hin 9%, and more than 1 h in 54%. Au-
tonomic dysreflexia during evacuation was present in 18%,
though not severe in any case.

Mild constipation prior to occurrence of the SCI was re-
ported by 32% of patients. After the SCI, 100% presented
constipation and/or incontinence: 86% constipation and 82%
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Table 2. Summary of Clinical and Physiological Characteristics of Neurogenic Bowel in the Different Groups of Patients with SCI
SCI Below T7
SCI Above T7
SSR Present SSR Present SSR Absent
Bowel movements
Frequency
At least every 24 h 23% 14% 67%*
At least every 48 h 50% 71% 28%*
At least every 72 h 27% 15% 5%*
Time dedicate
Less than 30 min 37% 28% 77%*
30-60 min 9% 43% 23%*
More than 60 min 54% 29% 0%*
Constipation 86%! 50% 56%
Fecal incontinence (Mean Wexner score) 4.5 4.8 7.2%
Anorectal manometry
Anal basal pressure 53 mmHg 35 mmHg 41 mmHg
EAS voluntary contraction Absent Absent Absent
RAIR 100% 100% 100%
IR 36% 50% 0%*
Cough reflex 50%?* 100% 0%*
Anal relaxation during attempted defecation 4% 0% 89%*
EAS contraction during attempted defecation 23% 86% 0%
Rectal contractions during rectal distension 50% 60% 0%*
EAS activity during rectal distension 53% 60% 0%*

*p < 0.05 for SCI below T7 with SSR vs SCI below T7 without SSR.
p < 0.05 for SCI above T7 vs below T7.

p < 0.05 for SCI below T7 without SSR vs SCI above T7 and SCI below T7 with SSR.

§p < 0.05 for SCI above T7 vs SCI below T7 with SSR.

SCI = spinal cord injury; SSR = spinal sacral reflexes; RAIR = rectoanal inhibitory reflex; IR = inflatory reflex; EAS = external anal sphincter.

anal incontinence. Regarding incontinence, it is noteworthy
that only 18% of patients achieved a score of zero on the
Wexner scale and 14% a score of 10; no patient in this
group exceeded this score. Sixty-four percent of patients had
anorectal complaints at the time of the study (hemorrhoids,
anal fissure, or rectal prolapse), with hemorrhoids being the
most frequent.

COLON AND ANORECTAL FUNCTION. Total CTT was
delayed in 31% of patients and was within normal limits in
69%. This delay was caused by slow transit in the left colon
and/or rectum-sigmoid segment in the majority of patients
(Fig. 1).

Mean anal basal pressure was 53 mmHg; no patient had
pressure under 30 mmHg. Voluntary EAS contraction was
not achieved by any patient.

RAIR was present in all cases, being first observed by the
distending volume between 10 and 20 mL, except in one case
in which it appeared at 50 mL distension. The inflatory reflex
was observed in 36% of patients (Fig. 2). A weak electromyo-
graphy (EMG) activity of the EAS during intra-abdominal
pressure increase caused by coughing or defecatory maneu-
vers was present in half the patients.

Some type of vague and nonspecific perception was present
in 32% of patients but only two reported well-defined defe-
catory and/or tenesmus sensations at 60 mL and 80 mL of
distension, respectively. All ASIA B patients reported some
rectal sensation versus only 25% of ASIA A patients (p <
0.05). It is noteworthy that the rectal sensation experienced by
some ASIA A patients was not anal canal sensation and, there-
fore, was not inconsistent with an ASIA A type impairment.

During attempts to make a defecatory maneuver, 73% of
patients showed no changes in anal canal pressure and in
EMG activity of EAS; an increase in anal canal pressure and
EMG activity of EAS was detected in 23% and a decrease
without EMG activity of EAS in only 4%.

Progressive distension of the rectum up to 200 mL was
tolerated by 50% of patients; the remainder could not toler-
ate it and had spontaneous expulsion of the balloon or au-
tonomic dysreflexia. Spontaneous expulsion of the balloon
was always accompanied by rectal contractions. Spontaneous
contractions of the EAS (EMG activity of EAS) occurred in
53% of patients during progressive rectal distension. During
progressive distension of the rectum, there was a progressive
increase in intrarectal pressure; thus rectal compliance tended
to be linear.

Patients with Injuries Below T7

CLINICAL DATA. As in patients with SCI >T7, 72% of
those with SCI <T7 had changed their diet to increase the
amount of fiber; however, laxative use was less frequent: 59%
(16% rectal laxatives, 19% oral laxatives, and 25% both).
Most patients (91%) were able to have bowel movements on
the toilet versus only 9% in bed (this proportion was lower
than that for the >T7 spinal lesion group, p < 0.05). Nev-
ertheless, 19% of patients required the aid of a third person
to evacuate (p < 0.05). Also, in contrast to SCI >T7 the
most common method of evacuation was physiological defe-
catory maneuver (84% of patients, p < 0.05), though associ-
ated with mechanical stimulation (digital rectal stimulation
and/or manual evacuation) in 72% of cases and/or chemical
stimulation with suppositories in 43%.
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Patients with
SCl above T7

15%

31%

Total CTT: 31%

Patients with SCI below T7
(SSR present)

45% 8%

9%

Total CTT: 36%

Patients with SCI below T7
(SSR absent)

31%

38%

Total CTT: 85%

Figure 1. Schematic representation of the percentage of patients with delayed total and segmental CTT (p < 0.05 for total and left CTT
when comparing SCI below T7 with absent SSR vs SCI above T7 and SCI below T7 with present SSR). CTT = colonic transit time; SCI =

spinal cord injury; SSR = spinal sacral reflexes.

A tendency to more frequent bowel movements was ob-
served in this group compared with SCI >T7: 47% of patients
had bowel movements approximately every 2 days, 44% ev-
ery day, and 9% every 3 days. Time devoted to defecation
was also shorter: 56% of patients required less than half an
hour and 44% more than half an hour. As expected based on
their neurological level of injury, no patient in this group had
autonomic dysreflexia.

Mild constipation prior to occurrence of the SCI was
reported by 28% of patients. After the SCI, 88% pre-
sented constipation and/or incontinence: 53% constipation
and 87% anal incontinence. Regarding incontinence, 27%
of patients achieved a score >10 on the Wexner scale and
60% had a score <10. Thus, compared with SCI >T7 pa-
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tients, SCI <T7 patients had constipation less frequently,
and SCI <T7 without SSR more severe anal incontinence
(p < 0.05).

Forty-four percent of patients had anorectal complaints at
the time of the study (hemorrhoids, anal fissure, or rectal
prolapse), with hemorrhoids being the most frequent.

COLON AND ANORECTAL FUNCTION. Total CTT was
delayed in 63% of patients. In the majority this was because of
slow transit in the left colon and/or rectum-sigmoid segment,
and also in the right colon in some cases.

Mean anal basal pressure was 38 mmHg, being under 30
mmHg in three cases. No patient was able to achieve a vol-
untary EAS contraction.
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Figure 2. Recordings of anal and rectal pressures during intermittent rectal distension. (4) Patient with SCI above T7 with sacral spinal
reflexes: the patient showed RAIR (a) and the IR was detected (b). (B) Patient with SCI below T7 with sacral spinal reflexes: the patient
showed RAIR (a) and the IR was detected (b). (C) Patient with SCI below T7 without spinal sacral reflexes: the patient showed RAIR (a)
and the IR was not detected. SCI = spinal cord injury; RAIR = rectoanal inhibitory reflex; IR = inflatory reflex.
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Figure 3. Recordings of anal and rectal pressures by manometry and EMG activity of EAS during attempts at defecatory maneuver. (4)
Patient with SCI above T7: no changes were observed in anal canal pressure and in EMG activity of EAS. (B) Patient with SCI below T7
with spinal sacral reflexes: an increase in anal canal pressure was shown accompanied by EMG activity of EAS. (C) Patient with SCI below
T7 without spinal sacral reflexes: a reduction in anal canal pressure was shown and no EMG activity of EAS was observed. SCI = spinal
cord injury; EMG = electromiography; EAS = external anal sphincter.

All patients showed RAIR at volumes between 10 and 20
mL, except three in whom the reflex occurred at 40-60 mL
of distension. The inflatory reflex was detected in 22% of
patients. EMG activity of the EAS was present in 44% of
patients during increased intra-abdominal pressure caused
by coughing or defecatory maneuvers.

Some type of vague and nonspecific perception during rec-
tal distension was reported by 31% of subjects with only four
describing it as a clear defecatory sensation and/or tenesmus.
All ASIA B patients reported some type of rectal perception
versus only 29% of ASIA A (p < 0.05). Again, the rectal per-
ception experienced by ASIA A patients was not anal canal
sensation and, therefore, was not inconsistent with an ASTA
A type impairment.

When the defecatory maneuver was attempted anal pres-
sure decreased in 50% of patients, increased in 47% accompa-
nied by EMG activity of EAS, and did not change in 3%. Thus,
in contrast to spinal lesions >T7, more patients had changes
in anal pressure, either relaxation or paradoxical contraction,
during the defecatory maneuver (p < 0.05).

Progressive distension of the rectum up to 200 mL was
tolerated by 64% of patients, but not by the remainder who
showed spontaneous expulsion of the balloon; in one case, in-
tolerable tenesmus at 170 mL necessitated suspension of the
test. Spontaneous expulsion of the balloon was always ac-
companied by rectal contractions, except in one case. Spon-
taneous EAS contractions (EMG activity of EAS) occurred
in 27% of patients during progressive rectal distension.

During progressive distension of the rectum, a progressive
increase occurred in intrarectal pressure, which did not differ
from that observed in patients with SCI >T7.

Comparison Between Patients with SCI Below T7 with
and without Spinal Sacral Reflexes

CLINICAL DATA. Patients without spinal reflexes had
bowel movements more often than patients with spinal re-

flexes (at least every 24 h, 67% vs 14%; p < 0.05) and dedi-
cated less time to evacuation (less than 30 min, 77% vs 28%;
p < 0.05) (Table 2). This happened despite the fact that pa-
tients with preserved sacral reflexes used suppositories for
evacuation more frequently than those with absent reflexes
(p < 0.05); no differences were observed regarding the use
of oral laxatives. However, when the Rome II definition for
constipation was applied, and not only bowel movement fre-
quency, the prevalence of constipation did not significantly
differ between groups. In contrast, the score on the Wexner
incontinence scale was higher in the group without spinal
sacral reflexes than in the group with spinal sacral reflexes.
Anorectal complaints (hemorrhoids, anal fissure, or rectal
prolapse) were similarly reported.

COLON AND ANORECTAL FUNCTION. Total and left
CTT were significantly slower in the SCI group without spinal
sacral reflexes (p < 0.05); no differences were observed for
the other colon segments (Fig. 1).

No differences were found regarding anal basal pressure
and presence of RAIR. However, the inflatory reflex was only
found to be present in patients whose spinal sacral reflexes
were preserved (Fig. 2). Moreover, anal response (increased
EMG activity of the EAS and an increase in pressure of the
anal canal) in response to increased intra-abdominal pressure
was only found in patients with spinal sacral reflexes, but was
absent in all those without spinal sacral reflexes (p < 0.05). In
addition, during attempts to make a defecatory maneuver, an
increase in anal canal pressure accompanied by EMG activity
of EAS was observed in the majority of patients with spinal
sacral reflexes. On the other hand, most of the patients without
spinal sacral reflexes showed a reduction in pressure in, and
rarely an increase in, anal pressure (p < 0.05). (Table 2 and
Fig. 3).

Rectal compliance was similar in both groups. All patients
with rectal contractions and EMG activity of EAS during



2296 Vallés et al.

progressive distension of the rectum belonged to the group
with preserved spinal sacral reflexes (Table 2).

DISCUSSION

Our study shows a very high prevalence of clinical complaints
from neurogenic bowel in patients with motor complete SCI.
Up to 67% of our patients presented constipation according to
Rome II criteria and 85% some degree of fecal incontinence.
We also found three different pathophysiological patterns that
are associated with clinical manifestations. In our opinion,
this is particularly important because it aids in better under-
standing of neurogenic bowel, individualization of clinical
problems, and the search for specific therapeutic approaches.
These three different patterns correspond to the following
neurological characteristics: (A) SCI >T7 (neurological level
above T7) without voluntary control of abdominal muscles
and preserved sacral reflexes; (B) SCI <T7 (neurological
level below T7) with voluntary control of abdominal mus-
cles and preserved sacral reflexes; and (C) SCI <T7 (neuro-
logical level below T7) with voluntary control of abdominal
muscles without sacral reflexes. Pattern A is characterized
by very frequent constipation (86%) with significant defe-
catory difficulty and infrequent incontinence. These appear
principally to result from the following pathogenic mecha-
nisms: moderate delay in CTT (mainly in the left colon and
rectosigma), incapacity to increase intra-abdominal pressure,
and absence of anal relaxation during the defecatory ma-
neuver. Pattern B is characterized by frequent constipation
(50%) associated with significant defecatory difficulty and
not very frequent incontinence. The pathophysiological ex-
planation seems to be a moderate delay in CTT, capacity to
increase intra-abdominal pressure, increased anal resistance
during the defecatory maneuver, and presence of EAS con-
traction when intra-abdominal pressure increases and during
rectal distension. Finally, pattern C is characterized by fre-
quent constipation (56%) with less defecatory difficulty and
a greater tendency to incontinence. These result from severe
delay in CTT (mainly in the left colon), capacity to increase
intra-abdominal pressure, absence of anal resistance during
the defecatory maneuver, and absence of EAS contraction
when intra-abdominal pressure increases and during rectal
distension.

Meticulous and thoughtful evaluation of anorectal physi-
ology is crucial to better understand neurogenic bowel. We
found resting anal pressure, which is mainly because of IAS
tone, to be similar among different subgroups of patients
and, in most cases, within the normal range. As expected,
the RAIR was present in all cases because this is an entero-
enteric reflex dependent on the myenteric nervous system.
Lower motor neurons innervating the EAS, puborectalis, and
striated muscles of the pelvic floor are located in the ventral
horn of the spinal cord at S2—S4 and receive direct volun-
tary control by upper motor neurons from the motor cortex
and afferent information from mechanoreceptors located on
pelvic floor structures to maintain tonic contraction of pelvic

floor muscles. Thus, anal response to an attempt to increase
intra-abdominal pressure differed greatly depending on SCI
subgroup: it was present in half the patients with lesions >T7,
in all those with lesions <T7 and sacral reflexes, and in none
with lesions <T7 and absent sacral reflexes; this is logical, be-
cause anal sphincter contraction during the Valsalva maneu-
ver is a spinal reflex that depends on the capacity to increase
intra-abdominal pressure to stimulate pelvic mechanorecep-
tors, which is variable in SCI >T7 because of inability to
voluntary contract the abdominal muscles. EAS activity in
response to rectal distension was absent in many cases, par-
ticularly (100%) in those with SCI <T7 and absent sacral re-
flexes; this rectal-EAS is also a spinal reflex, though heavily
modulated by cortical influences (31, 32). Rectal contractions
induced by balloon distension were present in some patients
with lesions >T7 or lesions <T7 with spinal reflexes, but
in none with absent sacral reflexes; these contractions are
involved in reflex defecation and supposedly predispose to
fecal incontinence. In fact, abolition of these contractions
by posterior rhizotomy eliminates incontinence (21). Never-
theless, according to our data, it should be emphasized that
incontinence is not so frequent in patients with SCI <T7
and rectal contractions because they are the ones with pre-
served defence mechanisms: good EAS contractile activity
when intra-abdominal pressure increases and during rectal
distension.

Rectal sensitivity was related to SCI severity. All patients
with level B according to the ASIA classification had some
degree of rectal perception to distension whereas few pa-
tients with ASIA level A had a degree of perception, which
was nonspecific and vague. Other authors also found rectal
sensitivity impairment to be related to lesion severity (14, 15,
17, 18, 22). In fact, several authors have previously described
that some of ASIA A patients (no sensory or motor function
preserved in S4-S5 sacral segments and no perceived sen-
sation at EAS examination by examiner’s finger) may have
some kind of sensation when distending the rectum and that
the origin of this sensation is unclear. It has been proposed
that this sensation must be transmitted along afferent nerves
that enter the spinal cord above the level of transection (be-
cause of the complexity and considerable overlap of visceral
innervation or the possible role of the vagus nerve whose
fibers can reach, according to some investigators, just to the
rectum) (15, 17-21, 33). Moreover, a very recent study us-
ing f-MRI has shown that there is brain activation following
balloon distension of the rectum and the anal canal (33). On
the other hand, we could not find any major difference in me-
chanical properties of the rectum among patients with SCI:
rectal compliance was similar in all subgroups, regardless of
the type and level of the lesion.

In our experience, study of sacral reflexes when evaluating
and classifying patients with SCI is crucial for better under-
standing neurogenic bowel. The parasympathetic and sympa-
thetic components of the autonomic nervous system exit the
central nervous system at widely different locations; thus,
considerable variability exists in the degree of autonomic



dysfunction encountered with spinal cord pathology at dif-
ferent levels. The parasympathetic supply to the right colon
is derived from the vagus nerve and its nucleus in the brain-
stem and is completely spared in SCI regardless of the level.
Parasympathetic innervation of the left colon and anorec-
tum is derived from the sacral parasympathetic centers in
the spinal cord and is denervated in SCI at virtually all lev-
els. Sympathetic supply to the GI tract arises from T5-L3
levels of the spinal cord and is therefore intact in lower lum-
bar cord lesions but disrupted in cervical and upper thoracic
lesions (34, 35). Nevertheless, in individual cases, no per-
fect correlation exists among the level of the injury, expected
pathophysiological abnormalities, and physiological findings
observed during intestinal motor evaluation. Thus, patients
with SCI below T7 may have present or absent sacral reflexes
and, therefore, the anorectal region behaves in a spastic or
flaccid manner (36). As we have shown, this point is of key
importance and will render the patient prone to mainly ob-
structive defecation or anal incontinence.

The level of SCI is also an important determinant of defe-
catory control and its consequences. It has been stated that
patients with lesions affecting the conus medullaris or the
cauda equina are left with flaccid EAS and puborectalis mus-
cles, together with reduced IAS tone leading to fecal inconti-
nence, mainly when intra-abdominal pressure rises (18). On
the other hand, in patients with higher SCI, the EAS and pub-
orectalis become disinhibited and spastic, as do other striated
muscles below the lesion level, and this results in increased
resistance to anal outflow and obstructive defecation (18).
However, in our experience, there is not such a good correla-
tion among lesion level, EAS behavior, and anal response to
straining. For this reason we recommend classifying SCI pa-
tients according to the presence or absence of sacral reflexes
and not based only on SCI level (36).

Itis notable that 72% of patients with SCI <T7 and present
sacral reflex spent more than 30 min on each defecatory act,
which was even longer than the time spent by patients with
lesions >T7 (in many cases defecating in bed). Bearing this
in mind, it is easy to understand why patients with SCI are
more concerned with control of their intestinal function than
with urinary control and self-esteem (3). Thus, decreasing
time devoted to bowel management should be one of the key
therapeutic goals, which would be easier to achieve if specific
pathophysiological abnormalities were known.

To be successful, defecation must be facilitated by inhi-
bition of the normal EAS during intra-abdominal pressure
increase. Patients with SCI ASIA A or B are not able to
induce normal EAS relaxation because they have no volun-
tary control of striated musculature. Moreover, most subjects
with SCI <T7 and sacral reflexes respond to straining with
an increase in EAS pressure; however, this is not the case in
subjects with SCI and absent sacral reflexes. In fact, there is
clinical-experimental evidence that EAS excitatory response
to straining is eliminated after section of the sacral poste-
rior nerve roots (21). As shown by Sun ef al. (21), rhizotomy
seems to be able to eliminate spinal reflexes that result in
an obstructive contraction of the EAS; after the procedure,
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SCI patients had an easier and more rapid defecation, bowel
movements were more predictable, and feces present in the
rectum could be evacuated manually.

Whether CTT is normal or delayed in patients with SCI
and, if delayed, involves the entire colon or only the left and
rectosigmoid segments remains controversial. Several inves-
tigators found impairment to be specially confined to the left
colon and rectosigmoid (7, 8, 12), whereas others argue that
it involves the entire colon (10). The reason for this discrep-
ancy has not been fully established and cannot be explained
only on the basis of SCI level and, therefore, diverse auto-
nomic supply. Krogh et al. (9) found patients with supraconal
lesions to have prolonged transit time of the transverse and de-
scending colon but not the rectosigmoid, whereas, in patients
with chronic conal or cauda equina lesions, transit times were
significantly prolonged in the transverse colon, descending
colon, and rectosigmoid but not the ascending colon. Beuret-
Blanquart et al. (7) classified SCI patients according to level
of the lesion and, therefore, to the supposed neural impair-
ment: (1) when sympathetic (T9-L2) and parasympathetic
(S2—S4) spinal control was functional; (2) when the sympa-
thetic spinal cord center was injured but the sacral parasym-
pathetic center was still functional; and (3) when only the
parasympathetic spinal cord center was injured. They found
that rectosigmoid and total CTT were increased in groups 2
and 3, whereas right and left colon TT were not different from
those of a bedridden control group. On the other hand, scinti-
graphic quantification of CTT in patients with SCI has found
that delayed transit is not limited to the rectosigmoid colon
but also includes the ascending and transverse colonic seg-
ments, with mean velocity of colon transit being 0.63 cm/h in
patients with SCI compared to 2.58 cm/h in healthy controls
(10). Moreover, sympathetic inflow appears to play little or
no role in colonic motor abnormalities because patients who
have undergone total bilateral sympathectomy do not have
any apparent alteration in bowel habits (37).

We found total CTT to be prolonged in approximately one
third of patients with SCI >T7 and also in patients with SCI
<T7 and sacral reflexes; by contrast, more than two-thirds of
patients with SCI <T7 and absent sacral reflexes had an ab-
normally increased CTT. Moreover, significantly longer CTT
of the left colon and rectosigmoid was observed in this latter
subgroup, which corresponds to pattern C of our neuropatho-
physiological classification. According to these patterns, and
our own clinical data, this is in accordance with previous data
showing longer CTT of the left colon to be associated with
the presence of fecal incontinence, whereas successful rectal
emptying was associated with significantly shorter total and
segmental CTT for the left colon and rectosigmoid (13).

In summary, we were able to define three different neu-
ropathophysiological patterns that are associated with bowel
function abnormalities and clinical complaints in patients
with motor complete SCI. Constipation in SCI is mainly as-
sociated with incapacity to increase intra-abdominal pressure
and absence of anal relaxation during the defecatory maneu-
ver in patients with lesions above T7, obstructive defecation
in patients with lesions below T7 and preserved SSR, and
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prolonged CTT in patients with lesions below T7 in those
with absent SSR. On the other hand, fecal incontinence is
related to loss of voluntary sphincteric control in all groups
but is more severe in patients without EAS responses (SCI
<T7 and SSR absent). This might be of great help when
designing therapeutic strategies for individual cases of such
a devastating problem. Thus, depending on the main patho-
physiological mechanism of constipation, therapy might be
directed to decrease anal resistance (i.e., botulin toxin injec-
tion) or to improve colonic motility (i.e., prokinetic drugs).
In the same way, special attention to incontinence prevention
and treatment should be given to patients with some clinical
characteristics.
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STUDY HIGHLIGHTS
What Is Current Knowledge

® Spinal cord injury (SCI) is a first-magnitude medical,
social and economic problem.

® Abnormal bowel function is, together with loss of mo-
bility and urinary and sexual dysfunction, one of the
most bothersome problems in patients with SCI.

® No clear correlation has been found among neurogenic
bowel clinical manifestations and pathophysiological
mechanisms.

What Is New Here

® (linical complains from neurogenic bowel in patients
with motor complete SCI are very frequent: up to 67%
presented constipation and 85% some degree of fecal
incontinence.

® Constipation in SCI is mainly associated with incapac-
ity to increase intraabdominal pressure and absence of
anal relaxation during the defecatory maneuver in pa-
tients with lesions above T7, obstructive defecation in
patients with lesions below T7 and preserved spinal
sacral reflexes, and to prolonged colonic transit time
in patients with lesions below T7 in those with absent
spinal sacral reflexes.

® Fecal incontinence is related to loss of voluntary
sphincteric control in all groups but is more severe
in patients without external anal sphincter responses
(SCI<T7 and spinal sacral reflexes absent).
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ABSTRACT

Purpose: Bowel dysfunction is a major problem in spinal cord injury patients.
Previous works provided partial information, particularly in motor incomplete
lesions. The aim was to evaluate pathophysiologic features of neurogenic bowel
in patients with motor incomplete spinal cord injury and compare them with
motor complete lesions. Methods: 54 patients (59 percent men; mean age: 43
years) with chronic spinal cord injury and fecal incontinence and/or constipation
were evaluated: 32 with motor incomplete and 22 with motor complete lesions.
Clinical assessment, colonic transit time, and anorectal manometry were
performed. Results: Colonic transit time was delayed similarly in motor
complete and incomplete lesions. Anal squeeze pressure was present in most
motor incomplete and absent in all motor complete lesions. Cough-anal reflex
was less frequent in motor complete lesions with neurologic level >T7 (p<0.05).
Rectal sensitivity was less severely impaired in motor incomplete lesions
(p<0.05). Most patients with motor complete or incomplete lesions did not show
anal relaxation during defecatory maneuver. Rectal contractions and anal
sphincter activity during distension of the rectum were more detected in motor
complete lesions (p<0.05). Conclusion: Many and severe pathophysiologic
mechanisms are involved in neurogenic bowel affecting patients with motor
incomplete spinal cord injury, similar to those of motor complete lesions with
spinal sacral reflexes. The pathophysiologic mechanisms of constipation are
obstructed defecation, weak abdominal muscles, impaired rectal sensation and

delayed colonic transit time and of fecal incontinence impaired external anal
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sphincter contraction, uninhibited rectal contractions and impaired rectal

sensation; however, specific evaluation is required in individual cases.

Key words: Anorectal manometry, Constipation, Fecal incontinence,

Neurogenic bowel, Spinal cord injury.

INTRODUCTION

Spinal cord injury (SCI) is a first-magnitude medical, social, and
economic problem. The number of persons with SCI in the United States has
been estimated to be approximately 253,000." Many patients with SCI are
young and have to live with this condition for many years. In fact, since
Guttmann began rehabilitation treatment for patients with SCI in 1944, their life
expectancy has strikingly increased.? Neurologic damage secondary to a SCI
differs among patients depending on the neurologic level and severity of the
lesion. Thus, the International Standards for Neurological and Functional
classification of SCI classifies it according to neurologic level (the most caudal
segment of the spinal cord with normal sensory and motor function on both
body sides) and severity of the damage with the American Spinal Injury
Association Impairment Scale (ASIA)® (Table 1).

Abnormal bowel function is one of the most bothersome problems in SCI
patients.*’ Thus, symptoms related to neurogenic bowel have significant
repercussions on emotional and social life.*”® Bowel dysfunction is more
frequent in patients with motor complete SCI (ASIA A and B) but is also present

in motor incomplete SCI (ASIA C and D).”*°* Fifteen percent of patients with
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ASIA D SCI complain of severe constipation, 15 percent of severe fecal
incontinence and 31 percent of some anorectal disorders (hemorrhoids and/or
anal fissure)."* The severity of bowel dysfunction in patients with motor

incomplete SCI may be very serious and affect lifestyle and quality of life.”**3

Little attention has been paid to the pathophysiology of bowel dysfunction
in patients with SCI. In a previous study evaluating patients with motor complete
SCI (ASIA. A and B), we were able to define three different
neuropathophysiologic patterns associated with bowel function abnormalities
and clinical complaints.** The pathophysiology of bowel dysfunction in motor
incomplete SCI patients has raised even less interest and published studies
provided only partial information. Only one study evaluated colonic transit time
(CTT) in a small group of patients, concluding that it was shorter than in motor
complete lesions.’ On the other hand, discrepant results have been reported
on anorectal function. Greving et al.'® found anal basal pressure to be normal
but squeeze external anal sphincter (EAS) pressure to be decreased or absent
in some patients whereas other authors found squeeze EAS to be present in all
patients'”'®; spontaneous defecation was seen in some patients*’ or in none.®
These discrepancies could be because of several pitfalls of previous
investigations: 1. Small sample size; 2. Inappropriate classification of the SCI
according to the International Standards of Neurological Classification of SCI
and presence or absence of sacral spinal reflexes; and 3. Focus on a single

technique (CTT measurement or anorectal manometry) to evaluate only one

aspect of defecatory dynamics and no evaluation of defecatory maneuver.
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The aim of this study was to evaluate the pathophysiology of bowel
dysfunction (constipation and fecal incontinence) by clinical, CTT and anorectal
function evaluation in a considerable number of patients with motor incomplete
SCI (ASIA C and D) and to compare it with patients with motor complete SCI

(ASIA A and B).

PATIENTS AND METHODS

Patient Characteristics

Fifty-four consecutive patients (59 percent men; mean age: 43 years;
range: 17-71 years) with incomplete or complete motor SCI in chronic phase
(mean evolution time: 5.2 years; range: 1-20 years) complaining of constipation
according to Rome Il criteria’® and/or fecal incontinence according to the
Wexner Scale?® were prospectively included in the study when they were
referred from the Spinal Cord Injury Unit to the Functional Rehabilitation Unit
for bowel dysfunction study. SCI etiology was traumatic in 59 percent of cases
and medical in 41 percent (7 idiophatic transverse myelitis, 5 vascular, 2
postspinal surgery, 2 spondylodiscitis, and 1 tumor). All patients with medical
etiologies had a single level of injury. SCI was classified using the International
Standards for Neurological and Functional classification of SCI according to
neurologic level (the most caudal segment of the spinal cord with normal
sensory and motor function on both body sides) and the ASIA.® According to
neurologic level, 18 patients had cervical, 28 dorsal, and 8 lumbosacral lesions.

According to ASIA, 13 patients were classified as grade A, 9 as grade B, 7 as
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grade C, and 25 as grade D. For study purposes, patients were divided into two
groups: those with motor incomplete lesions (ASIA C and D), who represented
59 percent of patients, and those with motor complete lesions (ASIA A and B)

who represented 41 percent.

As expected, owing to anatomic reasons and neurologic characteristics,
all patients with motor incomplete SCI had spinal sacral reflexes (SSR) present.
For this reason, and in an attempt to make groups more comparable, patients

with motor complete SCI without SSR were not included in this study.

Clinical Evaluation

All patients underwent a personal structured interview, general physical
examination, and specific anorectal region examination to detect any possible
pathology (hemorrhoids, fissure, prolapse). The interview covered background
prior to the injury, previous gastrointestinal complaints, questions regarding their
current bowel program (dietary changes, use of laxatives and defecatory
method: mechanical methods [digital stimulation and/or manual evacuation],
chemical stimulation [use of suppository] and defecatory maneuvers), bowel
movement characteristics (frequency, time required, place, dependence on
another person) and, finally, problems related to evacuation (fecal incontinence,
constipation, autonomic dysreflexia, and anorectal pathology). The severity of
fecal incontinence was assessed by the Wexner scale?® and presence of
constipation evaluated using similar criteria to those used for functional

constipation (Rome Il criteria).'® These scales were used, although neither the

Vi
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Wexner scale nor Rome Il criteria have been validated in SCI patients, because
of the absence of specific scales to evaluate fecal incontinence and constipation

in SCI patients.

Colon and Anorectal Functional Studies

In all patients, the propulsive function of the colon was evaluated by
determining total and segmental CTT, and rectum and anal sphincter function
by anorectal manometry, intrarectal balloon distension and surface

electromyography (EMG).

Quantification of total and segmental colonic transit times.
Total and segmental CTT were quantified using the radio-opaque marker

1.2 and Metcalf et al.??> Reference

technique described by Chaussade et a
intervals used for total and segmental CTT interpretation were those obtained in
healthy volunteers by the Spanish Group for the Study of Digestive Motility*.

The upper limits for normal total colonic transit time are 64.5 hours for men and

92.5 hours for women.

Anorectal manometry/surface electromyography.
Studies were performed following the protocols of the American

Gastroenterology Association®*%°

and the Spanish Group for the Study of
Digestive Motility.?® Patients were evaluated after having evacuated using their
normal method on the night or morning prior to the examination; absence of

feces within the rectum was verified by digital examination. Measurements were
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performed using three different catheters: 1. A catheter with six radial channels
located 1 cm from the end of the catheter: used to determine the pressure
profile of the anal channel (basal and maximum pressure during an attempt at
voluntary contraction). 2. Another catheter with a latex balloon of 200 ml
capacity at the end and four longitudinal channels located 1 cm apart from the
balloon and separated from each other by 1 cm: used to examine intrinsic recto-
sphincteric reflexes (rectoanal inhibitory reflex: RAIR), extrinsic rectosphincteric
reflexes (cough-anal reflex, inflatory reflex), attempts to expel the balloon
(defecatory maneuver), and rectal perception by progressive intermittent rectal
distension using 10ml steps up to 100ml.>* Perception of rectal distension was
evaluated in the standard way as first sensation, tenesmus, and maximum
tolerated volume. The cough-anal reflex was considered to be present if
pressure increment was higher than intra-abdominal pressure, the duration of
the reflex was longer than intra-abdominal pressure or EMG activity of EAS was
detected; and 3. A third catheter with a polyethylene bag of 500 ml capacity at
the end and four longitudinal channels in the same positions as the previous
catheter: used to assess rectal elastance (pressure/volume ratio) by
progressively and manually distending the rectum at 10ml steps every 10
minutes up to 200 ml and recording the presence of rectal contractions (defined
as an increase in rectal pressure more than 4 mmHg maintained for at least
three seconds) and the presence of spontaneous EMG EAS activity.

A high-compliance hydropneumocapillar perfusion system connected to
an eight-channel digital polygraph was used for pressure recording. Pressures
were measured using external transducers placed on each infusion line and on

the balloon line. All manometric measurements were taken during simultaneous
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recording of surface EMG activity of the EAS using two self-adhesive electrodes
placed on opposite quadrants and as close as possible to the anus; a reference
electrode cuff was placed around the patient’s thigh.

Normal values of anorectal manometry were those of the Spanish Group

for the Study of Digestive Motility.?®

Data Analysis

To compare both groups of patients (motor complete and motor
incomplete), each one was divided into two groups according to neurologic
level: 1. patients with neurologic level above T7, when voluntary control over
abdominal muscles was impaired; and 2. patients with neurologic level T7 or
below, when voluntary control of part or all of the abdominal muscles was
preserved. This stratification was based on neurologic level, not on abdominal
muscle control and no patient was excluded of the study or was changed of its
group because of the presence or absence of voluntary contraction of
abdominal musculature. However, none of the subjects with motor complete
SCI with neurologic level above T7 had volitional control of abdominal
musculature and all patients with motor complete and incomplete SCI with
neurologic level at or below T7 had partial or total volitional control of abdominal
musculature. An assessment was also made according to ASIA classification
and neurologic level. A statistical analysis was carried out to determine
differences in bowel habits, complications derived from the neurogenic bowel
and results of anorectal manometry and CTT evaluation, according to the

neurologic characteristics of the injury. Both chi-square independence test for
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categorical variables and Student's t-test for continuous variables were used to
determine statistical significance. Values were considered statistically significant
when p<0.05.

The study was approved by the Ethics Committee of the Institut Guttmann.

RESULTS

Clinical Data

Seventy-five percent of patients with motor incomplete SCI had changed
their diet after the SCI to increase the amount of fiber and 75 percent were also
taking laxatives (3 percent rectal laxatives, 28 percent oral laxatives, and 44
percent both). These proportions were similar to the motor complete SCI
patients: 70 percent had changed their diet to increase the amount of fiber and
73 percent were taking laxatives (14 percent rectal laxatives, 9 percent oral
laxatives, and 50 percent both).

Eighty-eight percent of patients with motor incomplete lesions achieved
bowel movements on the toilet and 12 percent in bed; 22 percent required the
aid of another person. Patients with neurologic level above T7, both motor
incomplete or motor complete, evacuated more in bed and required more the
aid of another person (p<0.05). (Table 2)

The majority of patients with motor incomplete SCI induced evacuation
by defecatory maneuver. Compared to motor complete SCI patients and
according to neurologic level, in lesions with neurologic level above T7 the most

common method of evacuation was mechanical (digital stimulation and/or
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manual evacuation) (92 percent) (p<0.05 vs. motor incomplete lesions) and in
patients with neurologic level below T7, bowel methods for defecation were
similar between motor incomplete and motor complete SCI. (Table 2)

Bowel movement frequency was similar between motor incomplete and
motor complete lesions. Forty-seven percent of patients with motor incomplete
SCI and 59 percent of patients with motor complete SCI had bowel movements
every 2 days. In contrast, time devoted to defecation was shorter in patients
with motor incomplete lesions (p<0.05). (Table 2).

Mild constipation prior to the SCI was reported by 25 percent of motor
incomplete SCI patients and 36 percent of motor complete SCI patients. The
prevalence of constipation and anorectal disorders and the Wexner score after
SCI were similar between motor incomplete and motor complete SCI groups,
without differences according to neurologic level, but none of the motor
incomplete lesions presented symptoms of autonomic dysreflexia during
defecation in contrast to 14 percent of motor complete lesions, all of which had

a neurologicl level above T7 (p<0.05). (Table 2).

Colon and Anorectal Function

Total and segmental colonic transit time

Median total CTT was 48.6 hours (range:1.9-132) and was delayed in 32
percent of motor incomplete lesions. This delay was the result of slow transit in
the left colon and/or rectosigmoid segment in the majority of patients. These

results were similar to those of motor complete lesions: median CTT was 63.8
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hours (range:1.2-128.4) and CTT was delayed in 36 percent of patients, and
was also due in the majority to slow transit in the left colon and/or rectosigmoid
(fig. 1). No statistically-related differences were found when CTT was compared
according to neurologic level. Moreover, when comparing patients with lesions
above T9 with those with lesions T9-L2, median CCT was longer in patients
with lesions T9-L2, but no statistically-related differences were found (86.3
hours vs. 55.5 hours).

Because of the small number of subjects with anal relaxation during
attempts to defecate, it was not possible to correlate it with CTT; however, of

the patients with anal relaxation, only one patient had a delayed CTT.

Ano-rectal manometry and surface electromyodgraphy

Anal basal pressure: In patients with motor incomplete SCI, mean anal
basal pressure was 48.9mmHg (range: 16.5-95.5); these values were similar to

those in complete motor lesions (48.4mmHg; range: 30.3-79.5).

Anal squeeze pressure: In patients with motor incomplete SCI,
voluntary EAS contraction was not achieved in 31 percent, low in 56 percent,
and normal in only 13 percent. None of the patients with motor complete SCI

achieved voluntary contractions of the EAS (p<0.05). (Table 3)

Intrinsic reflex: RAIR was present in all motor incomplete SCI patients,

being first observed by distending volumes between 10 and 30 ml, except in

three cases where it appeared at 50 ml distension. These results were very
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similar in motor complete SCI: all patients showed RAIR at volumes between 10

and 20 ml, except two in whom the reflex occurred at 40-50 ml distension.

Extrinsic reflexes: Inflatory reflex was observed in more patients with
motor incomplete SCI than in those with motor complete SCI (50 percent vs. 36
percent), but without statistical differences. Cough-anal reflex: EMG activity of
the EAS during intra-abdominal pressure increase caused by coughing or
defecatory maneuvers was present in all but one of the patients with motor
incomplete SCI. In motor complete SCI patients, this reflex was less frequently
observed in patients with neurologic level above T7 than below T7 (38 percent

vs. 89 percent; p<0.05). (Table 3)

Rectal sensitivity: Forty-one percent of patients with motor incomplete
SCI reported tenesmus during rectal distention, a further 41 percent some type
of vague and nonspecific perception and 18 percent had no kind of rectal
perception. In contrast, in patients with motor complete lesions, only some type
of vague and nonspecific perception during rectal distension was reported by 41
percent (78 percent ASIA B and 15 percent ASIA A) and none described it as a

clear defecatory sensation (p<0.05).

Defecatory maneuver: During attempts to make a defecatory maneuver,
16 percent of patients with motor incomplete lesions showed no changes in anal
canal pressure and in EMG activity of the EAS (all with weak or absent
abdominal muscle voluntary contraction); anal canal pressure increase (mean

increase 49mmHg; range: 15-100mmHg) and EMG activity of the EAS were
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detected in 75 percent (fig. 2) and a pressure decrease without EMG activity of
the EAS in only 9 percent. On the other hand, in patients with motor complete
lesions, when defecatory maneuver was attempted, anal pressure decreased in
9 percent, increased in 46 percent (mean increase 58mmHg; range: 16-
103mmHg) accompanied by EMG activity of the EAS, and did not change in 45
percent. We observed statistically-significant differences according to
neurologic level; in lesions with neurologic level above T7, more patients with
motor incomplete SCI had an EAS contraction than those with motor complete
SCI (65 percent vs. 15 percent; p<0.05) and more motor complete SCI had no
changes than motor incomplete SCI patients (70 percent vs. 20 percent;

p<0.05). (Table 3).

Rectal elastance: During progressive distension of the rectum, a
progressive increase was observed in intrarectal pressure; thus, rectal
elastance tended to be linear. Progressive distension of the rectum up to 200 ml
was tolerated by 80 percent of patients with motor incomplete SCI; the
remainder could not tolerate it and had spontaneous expulsion of the balloon or
tenesmus. Spontaneous expulsion of the balloon was always accompanied by
rectal contractions. Spontaneous contractions of the EAS (EMG activity of EAS)
occurred in 12 percent of patients during progressive rectal distension. Fewer
patients with motor complete lesions tolerated progressive distention of the
rectum (53 percent), spontaneous expulsion of the balloon was also always
accompanied by rectal contractions and spontaneous EAS contractions
occurred in more patients (42 percent); these differences were statistically

significant (p<0.05). No statistically-related differences were found when rectal
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elastance was compared between motor complete and incomplete SCI in

patients with lumbosacral lesions.

DISCUSSION

It is clear that patients with motor complete SCI very frequently have
bowel disorders related to several neurogenic pathophysiologic mechanisms.
However, neurogenic bowel and subsequent symptoms are believed to be
much less severe in patients with motor incomplete SCI. We previously found
that patients with motor incomplete lesions can complain of constipation and/or
fecal incontinence like motor complete SCI patients,'* and in the present study
we confirmed a high use of laxatives as well as the use of other bowel methods
such as chemical and digital stimulation. In addition, as occurs in motor
complete lesions, depending on the neurologic level (mainly in high-level
injuries), patients may even need to defecate in bed or with the aid of another

person.

In a previous paper, we described two different pathophysiologic patterns
that are associated with clinical manifestations in motor complete SCI with
preserved SSR. Pattern A corresponds to SCI with neurologic level above T7
(without voluntary control of abdominal muscles). It is characterized by very
frequent constipation and infrequent incontinence caused by the following
pathogenic mechanisms: moderate delay in CTT (mainly in the left colon and
rectosigmoid), incapacity to increase intra-abdominal pressure, and absence of

anal relaxation during the defecatory maneuver. Pattern B corresponds to
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patients with neurologic level below T7 (with voluntary control of abdominal
muscles) and is characterized by frequent constipation associated with
significant defecatory difficulty and not very frequent incontinence. The
pathophysiologic explanation seems to be a moderate delay in CTT, capacity to
increase intra-abdominal pressure, increased anal resistance during the
defecatory maneuver, and presence of EAS contraction when intra-abdominal
pressure increases, and during rectal distension.**

In the present work, we demonstrated that pathophysiologic mechanisms
of bowel dysfunction in motor incomplete SCI patients are quite similar to those
of patients with motor complete SCI. Thus, each patient might present a
particular number of altered factors that differ from those of other patients.
Therefore, a meticulous and thoughtful evaluation of anorectal physiology is
crucial to better understand neurogenic bowel in this group of patients.

We found resting anal pressure, which is mainly because of internal anal

sphincter tone, to be similar to patients with motor complete SCI and, in most

cases, within normal range. By contrast, anal squeeze pressure differed

between motor incomplete lesions and motor complete lesions. As expected,
none of the patients with motor complete SCI had voluntary contraction of the
EAS and most of those with motor incomplete SCI lesions did have, although
the majority with a low anal squeeze pressure. It is noteworthy that some motor
incomplete SCI patients did not achieve voluntary EAS contraction. Thus, in
clinical practice, we cannot presuppose that a patient with motor incomplete SCI
according to the ASIA Impairment Scale will have voluntary contraction of EAS.
RAIR was present in all cases since this is an entero-enteric reflex dependent

on the myenteric nervous system.
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Lower motor neurons innervating the EAS, puborectalis, and striated
muscles of the pelvic floor are located in the ventral horn of the spinal cord at
S2-S4 and receive direct voluntary control by upper motor neurons from the
motor cortex and afferent information from mechanoreceptors located on pelvic
floor structures to maintain tonic contraction of pelvic floor muscles. Thus, anal

response to an attempt to increase intra-abdominal pressure differed greatly

depending on the SCI subgroups: it was present in most patients with motor
incomplete lesions as well as in most patients with motor complete lesions and
neurologic level below T7; this seems logical since anal sphincter contraction
during the Valsalva maneuver (cough-anal reflex) is a spinal reflex that
depends on the capacity to contract the abdominal wall and increase intra-
abdominal pressure to stimulate pelvic mechanoreceptors. Therefore, this reflex
is variable in motor complete SCI with neurologic level above T7, present in
most motor incomplete SCI, and in all motor complete SCI with neurologic level

below T7. EAS activity in response to rectal distension (inflatory reflex) was

absent in many cases, without differences between subgroups; this rectal-EAS
reflex is also spinal, though heavily modulated by cortical influences.?*® Rectal

contractions induced by balloon distension were present in some patients of all

groups; these contractions are involved in reflex defecation and supposedly
predispose to fecal incontinence. In fact, abolition of these contractions by
posterior rhizotomy decreases incontinence.?® Nevertheless, according to our
data, it should be emphasized that incontinence is not so frequent in patients
with SSR and rectal contractions since this group of patients are the ones with
more preserved defense mechanisms: good EAS contractile activity when intra-

abdominal pressure increases and during rectal distension.**
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Rectal sensitivity was related to SCI severity. More motor incomplete SCI

patients than motor complete SCI patients had some degree of rectal
perception. However, it is noteworthy that some patients with motor incomplete
SCI had no kind of rectal perception, as has been previously described.*®*’ In
patients with motor complete SCI, most of those with grade B according to the
ASIA classification had some degree of rectal perception of distension whereas
very few patients with ASIA grade A had some type of perception, which was
nonspecific and vague in all cases. In fact, several authors have reported that
some ASIA A patients (with no sensory or motor function preserved in S4-S5
sacral segments and no perceived sensation at EAS examination by the
examiner’'s finger) may have some kind of sensation when distending the
rectum and that the origin is unclear.*®*82°32 Other authors also found rectal

sensitivity impairment to be related to lesion severity.***83%3! Rectal elastance

was similar in all subgroups regardless of the severity and neurologic level of
the lesion; thus, we could not find any major difference in mechanical properties
of the rectum among patients with SCI.

It is well known that to be successful, defecation must be facilitated by

relaxation of the EAS during an increase in intra-abdominal pressure together

with reflex relaxation of IAS. Patients with SCI ASIA grades A or B are not able
to induce normal EAS relaxation since they have no voluntary control of striated
musculature. Thus, most subjects with neurologic level below T7 and preserved
SSR respond to straining with an increase in EAS pressure and most patients
with neurologic level above T7 (since they lack abdominal musculature control)
cannot perform a defecatory maneuver. In this respect, we observed that most

patients with motor incomplete SCI had an obstructive defecatory maneuver
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related to weak or absent voluntary control of striated musculature that
provokes an incapacity to relax the EAS. Also, an increase in EAS activity in
response to an intra-abdominal pressure increase during the defecatory
maneuver impairs normal defecation. In addition, some other patients had weak
or absent voluntary control of abdominal musculature that impeded the
defecatory maneuver to be performed.

Colonic transit time is known to be an important pathophysiologic
mechanism of bowel dysfunction in SCI patients.** In a previous study, we
demonstrated that delayed CTT is a key constipation mechanism in patients
with motor complete SCI without SSR* and that delayed CTT is less frequent
when SSR are preserved. In the present study, we found that, as in motor
incomplete lesions, a delayed CTT is present in the same proportion as in
patients with motor complete lesions with SSR. In previous studies,>31333
CTT was delayed in a major proportion of patients (36.8 percent-100 percent);
this variability could be because of: 1. the different determination technique; 2.
comparison with a control group or with considered-normal values; 3.
inappropriate classification of patients according to ASIA standards or absence
or presence of SSR and; 4. mixed lesions according to neurologic

characteristics. In fact, we believe that obstructed defecation is the main

mechanism of constipation in these patients.

In summary, the pathophysiologic mechanisms of fecal incontinence and
constipation in patients with motor incomplete SCI are complex and quite
similar to those of patients with motor complete SCI and preserved SSR.

Therefore, pathophysiologic studies are very important in these patients to

XiX



Publicacié 3

establish accurate diagnosis and rational treatment. Nevertheless, and
generally speaking, the pathophysiologic mechanisms of constipation are
obstructed defecation, weak abdominal muscles, impaired rectal sensation, and
delayed CTT, and for fecal incontinence absent or weak EAS contraction,

uninhibited rectal contractions, and impaired rectal sensation.
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Table 1.American Spinal Cord Injury Association Impairment Scale

A No sensory or motor function preserved in sacral segments S4-S5.

B Sensory but no motor function preserved below the neurologic level, including S4-
S5 sacral segments.

C Motor function preserved below the neurologic level, and more than half of key
muscles below the neurologic level have a muscle grade less than 3 (useless).

D Motor function preserved below the neurologic level, and at least half of key
muscles below the neurologic level have a muscle grade of 3 or over (useful).

Table 2.Clinical characteristics of neurogenic bowel according to the severity and level of
spinal cord injury.

ASIA A and B ASIA C and D
(motor complete) (motor incomplete)
SCI above SCI at or below SCI above SCI at or below
T7 T7 T7 T7
Constipation 85% 78% 90% 82%
Fecal incontinence (mean Wexner score) 5.4 5.4 51 6.8
Anorectal disorders 69% 44% 45% 58%
Autonomic dysreflexia during defecation 23%"8 0% 0% 0%
Use of laxatives 85% 67% 80% 67%
Bowel method
Chemical stimulation 7% 56% 50% 42%
Digital stimulation and/or manual 92%" 44% 55% 58%
evacuaction
Physiologic defecatory maneuver 46%"S 89% 100% 92%
Bowel movements
In bed 549%° 0% 20%° 0%
Aid of another person 39%° 0% 30% 8%
Frequency
At least every 24h 23% 22% 15%" 58%
At least every 48h 62% 56% 65%" 17%
At least every 72h 15% 22% 20% 25%
Time dedicated to evacuation
Less than 30 min 39% 22%* 50% 75%
30-60 min 0% 33% 40% 17%
More than 60 min 61%' 44% 10% 8%

"p<0.05 between motor complete and motor incomplete SCI with neurologic level above T7
*p<0.05 between motor complete and motor incomplete SCI with neurologic level below T7
*p<0.05 between lesions with neurologic level above and below T7 and motor incomplete SCI
$ p<0.05 between lesions with neurologic level above and below T7 and motor complete SCI
ASIA: American Spinal Injury Association Impairment Scale; SCI: spinal cord injury
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Table 3.Physiological characteristics (colonic transit time and ano-rectal manometry) of
neurogenic bowel according to the severity and level of spinal cord injury.

ASIA A and B ASIACand D
(motor complete) (motor incomplete)
SCl above SCI at or below SCl above SCI at or below
T7 T7 T7 T7
Anorectal manometry
Anal basal pressure (mmHg) 48.4 48.4 52.2 43.3
EAS voluntary contraction (mmHg) o' 0* 23.8 51.8
Rectal sensitivity

Absent 62%" 55%* 15% 25%
Non-specific sensation 38% 45% 45% 32%
Defecatory sensation 0% 0%* 40% 43%
Presence of RAIR 100% 100% 100% 100%
Presence of IR 23% 55% 50% 50%
Presence of cough reflex 38%'S 89% 95% 100%

Anal relaxation during attempted defecation 15% 0% 15% 0%
EAS contraction during attempted defecation 15%"S 89% 65% 92%

No anal changes during attempted defecation 70%" 11% 20% 8%
Rectal contractions during rectal distension 36% 62% 17% 17%
EAS activity during rectal distension 36% 50% 11% 17%
Delayed CTT 31% 44% 35% 29%

"p<0.05 between motor complete and motor incomplete SCI with neurologic level above T7

*p<0.05 between motor complete and motor incomplete SCI with neurologic level below T7

8 p<0.05 between lesions with neurologic level above and below T7 and motor complete SCI

ASIA: American Spinal Injury Association Impairment Scale; SCI: spinal cord injury; EAS: external anal sphincter;
RAIR: rectoanal inhibitory reflex; IR: inflatory reflex; CTT: colonic transit time
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Patients ASIA A and B Patients ASIA C and D
(motor complete SCI) (motor incomplete SCI)
294
27%
22%
Total CTT: 36% Total CTT: 32%

Figure 1. Schematic representation of the percentage of patients with delayed total and segmental
colonic transit time in each group of patients (motor complete and motor incomplete SCI).
SCI: spinal cord injury; CTT: colonic transit time; ASIA: American Spinal Injury Association

Impairment Scale.

Intrarectal balloon

Anal canal

EAS EMG

e AN i

Figure 2. Recordings of anal and rectal pressures by manometry and EMG activity of the EAS
during attempt to defecate in two patients with motor incomplete SCI. (A):Patient with neurologic
level below T7 and voluntary contraction of abdominal muscles: an increase in anal canal
pressure was shown accompanied by EMG activity of the EAS. (B): Patient with neurologic level
above T7 and without voluntary contraction of abdominal muscles: no changes were observed in
anal canal pressure and in EMG activity of the EAS.

SCI: spinal cord injury; EMG: electromyography; EAS: external anal sphincter
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PURPOSE: Bowel dysfunction is a problem in patients
with spinal cord injury. The sacral anterior root
stimulator has been used for neurogenic bladder and has
been claimed to be useful for neurogenic bowel. The
purposes of this study were to analyze the clinical
response of bowel function to the sacral anterior root
stimulator and to evaluate physiologic factors that could
determine its efficacy.

METHODS: Eighteen consecutive patients with spinal cord
injury and an implanted sacral anterior root stimulator
were evaluated. Clinical assessment, colonic transit time,
and anorectal manometry were performed. Patients were
evaluated before implantation of the sacral anterior root
stimulator and clinically reevaluated after 12 months.

RESULTS: Fewer patients required laxatives after
implantation of the sacral anterior root stimulator. The
mean number of methods used to evacuate was reduced
from 2.1 to 1.5 (P < 0.05). Bowel movement frequency
was higher (P < 0.05). Time devoted to defecation was
reduced, although no statistical significance was achieved.
Fecal incontinence did not change, but constipation was
reduced (P < 0.05). Most patients reported being more
satisfied with bowel function after implantation of the
sacral anterior root stimulator. No correlation was found
between objective and subjective responses to the sacral
anterior root stimulator and manometric or colonic
transit times before implantation.
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Address of correspondence: Fermin Mearin, Ph.D., Unit of Functional
Digestive Rehabilitation, Institut Guttmann, Cami de Can Ruti s/n,
08916 Badalona, Barcelona, Spain. E-mail: fmearinm@meditex.es
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CONCLUSION: The sacral anterior root stimulator
improves bowel function, and patient satisfaction with
this treatment is high. Further studies are needed to
evaluate the characteristics of stimulation parameters
to achieve better results.

KEY WORDS: Spinal cord injury; Neurogenic bowel;
Bowel function; Constipation; Fecal incontinence;
Sacral anterior root stimulator.

social, and economic problem. In the United States,

the number of persons with SCI has been estimated
at approximately 200,000." Many patients with SCI are
young and have to live with this condition for many
years. Abnormal bowel function is, together with loss of
mobility and urinary and sexual dysfunction, one of the
most troublesome problems for patients with SCL>™*
Thus, symptoms related to neurogenic bowel have
significant repercussions on emotional and social life.”

Several treatments have been attempted to improve
bowel function in patients with SCI; however, results have
been disappointing in most cases. The sacral anterior root
stimulator (SARS) has been to manage neurogenic
bladder in patients with SCI. Although the stimulator
was initially developed to improve bladder emptying,®’
because the parasympathetic and somatic nerves that
supply the distal colon, rectum, and anal sphincter are
derived from the same sacral spinal roots, it was
speculated that the SARS could help to improve not only
urinary dysfunction but also defecatory impairment.

The first SARS device was implanted in a patient with
SCI by Brindley et al. in 1976, and initial results were
published some years later.*”° Since then, more than
2,000 devices have been successfully implanted in patients
around the world.'® However, the efficacy of SARS in
improving bowel dysfunction and putative predictive
factors of success have scarcely been evaluated. Our aim

S pinal cord injury (SCI) is a first-magnitude medical,
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was to analyze the clinical response of bowel function to
SARS and evaluate physiologic factors that might deter-
mine its efficacy.

PATIENTS AND METHODS

Patient Characteristics

Twenty-five SARS devices were implanted between
October 2003 and September 2005 in 25 consecutive pa-
tients; at one year postimplantation, 19 patients were using
the device and 6 were not: 2 because of autonomic dys-
reflexia during stimulation, 1 owing to a receptor infec-
tion, and 3 because of a sacral pressure ulcer. Of the 19
patients who used the SARS, 18 were included in the study
(1 patient failed to attend follow-up visits and therefore
could not be evaluated). All 18 patients used the SARS to
evacuate. There were nine males and nine females; mean
age at SARS implantation was 39 (range, 18—63) years. All
suffered from SCI in chronic phase (mean evolution time
at implantation: 8 years; range, 1-21 years). The etiology
of SCI was traumatic in 15 cases and medical in 3 (2 trans-
verse myelitis, 1 after scoliosis surgery), and, according to
the American Spinal Injury Association International
Standards for Neurological Classification of Spinal Cord
Injury,!' the neurologic level was cervical in 4 patients,
thoracic in 13, and lumbar in 1. The American Spinal
Injury Association Impairment Scale (AIS) rating was
Grade A in 14 patients (no sensory or motor function pre-
served in S4-S5 sacral segments), Grade B in 1 (sensory
but not motor function preserved below the neurologic
level, including S4-S5 sacral segments), and Grade C in
3 (motor function preserved below the neurologic level,
and more than half of key muscles below the neurologic
level with a muscle grade less than 3) (Table 1).

Clinical and Physiological Evaluation

Patients were evaluated before SARS implantation and at
least 12 months later (mean evolution time, 15 months;
range, 12-21). All patients underwent a personal struc-
tured interview, general physical examination, and spe-
cific anorectal region examination to detect any possible
disorder (e.g., hemorrhoids, fissure, or prolapse). The
interview covered background before the injury, previous
gastrointestinal complaints, the current bowel program
(dietary changes, use of laxatives, and defecatory method

TABLE 1. Neurologic characteristics of patients

AIS score
A B C Total
Neurologic level
Cervical 1 1 2 4
Thoracic 13 0 0 13
Lumbosacral 0 0 1 1
Total 14 1 3 18

AIS = American Spinal Cord Injury Association Impairment Scale.
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[mechanical methods, chemical stimulation, active defe-
catory maneuver]), bowel movement characteristics (fre-
quency, time required, place, and dependence on another
person), and problems related to evacuation (fecal in-
continence, constipation, and anorectal disorder). The
severity of fecal incontinence was assessed by the Wexner
scale,'* and the presence of constipation was evaluated
using a questionnaire similar to that of the Rome II
evaluation for functional constipation.'” After SARS
implantation, patients were asked whether their bowel
function was “better,” “the same,” or “worse” than be-
fore SARS implantation. Patients were then asked about
the reasons for their replies.

Colon and anorectal functional studies before SARS
implantation were performed in all patients. The propul-
sive function of the colon was evaluated by determining
total and segmental colonic transit time (CTT) using
radiopaque markers, and rectum and anal sphincter
function was assessed by anorectal manometry, intrarectal
balloon distension, and surface electromyography (EMG).
Total and segmental CTT were quantified using the
radiopaque marker technique described by Metcalf
et al'* Anorectal manometry and surface EMG were
performed following the protocols of the American Gas-
troenterology Association'” and the Spanish Group for
the Study of Digestive Motility.'® Patients were evaluated
after having evacuated using their normal method on the
night or morning before the examination; absence of
feces inside the rectum was verified by digital examina-
tion. Measurements were taken using three different
catheters: 1) A catheter with six radial channels located
1 cm from the end of the catheter was used to determine
the pressure profile of the anal canal (basal and max-
imum pressure during an attempt at voluntary contrac-
tion). 2) Another catheter with a 200-ml-capacity latex
balloon at the end and four longitudinal channels located
1 cm apart from the balloon, separated from each other
by 1 cm, was used to examine intrinsic rectosphincteric
reflexes (rectoanal inhibitory reflex), extrinsic recto-
sphincteric reflexes (cough reflex, inflatory reflex), at-
tempts to expel the balloon (defecatory maneuver), and
rectal perception by progressive intermittent rectal dis-
tension. 3) A third catheter with a 500-ml-capacity poly-
ethylene bag at the end and four longitudinal channels in
the same positions as the previous catheter was used to
assess rectal compliance (pressure/volume ratio) by pro-
gressively and manually distending the rectum (10-ml
steps) up to 200 ml and recording the presence of rectal
contractions (defined as an increase in rectal pressure of
>4 mmHg maintained for at least three seconds) and the
presence of spontaneous electromyographic external anal
sphincter (EAS) activity.

All manometric measurements were taken during
simultaneous recording of surface electromyographic
activity of the EAS using two self-adhesive electrodes
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placed in opposite quadrants and as close as possible to
the anus; a reference cuff electrode was placed around the
patient’s thigh.

SARS Implantation

All patients had had a SARS device implanted (Finetech-
Brindley Bladder System or Vocare, Finetech Medical
Ltd., Welwyth Garden City, UK). The SARS consists of
surgically implanted components activated by an external
transmitter, which is operated by the user. The electrodes
are implanted bilaterally on the S2-S4 anterior nerve
roots and are connected by lead wires to a receiver/
stimulator implanted in the anterior abdominal wall. The
implant is powered and controlled by an external control
unit with a transmission antenna. To ensure urinary
continence between stimulations, increase bladder capac-
ity, decrease detrusor and sphincter dyssynergia, and
lower the risk of autonomic dysreflexia, it is necessary to
interrupt the reflex arc by performing S2-S5 posterior
rhizotomy. The technique used in all patients was
extradural posterior rhizotomy and extradural electrode
implantation by S1-S3 laminectomy, as previously de-
scribed!” (Fig. 1).

The optimal stimulus parameters were determined
according to the standard protocol, and in each patient
parameters were specifically varied according to the most
effective individual responses.'” Each patient used the
SARS to evacuate by turning on the device for three
minutes, using specific parameters for bowel emptying
that had been programmed previously. This stimulation is
repeated once or twice more.

Data Analyses
Statistical analyses included a descriptive analysis and a
bivariate analysis to determine differences in bowel func-
tion before and after SARS implantation. Both the non-
parametric McNemar test and Wilcoxon’s test were used to
compare variables before and after SARS implantation.
Furthermore, post-SARS implantation variables were com-
pared among satisfaction groups (better, same, worse)
using nonparametric tests (Kruskal-Wallis and Mann-
Whitney U tests). All statistical tests were performed with
SPSS software, version 14.0 (SPSS Inc., Chicago, IL). A
P value of <0.05 was considered significant.

This study was approved by the Ethics Committee of
Institut Guttmann (Barcelona, Spain).

RESULTS

Clinical and Physiological Data Before SARS Implantation
Clinical data. Before SARS implantation, 14 of the 18
patients were taking laxatives (4 rectal laxatives, 5 oral
laxatives, and 5 both). Fifteen patients achieved bowel
movements on the toilet and three in bed; only two
patients required the aid of another person. Most patients

VALLES ET AL: SACRAL STIMULATOR IN NEUROGENIC BOWEL

FIGURE 1. Schematic representation of sacral anterior root stimulation
technique. 1. Electrodes implanted on the anterior sacral roots.

2. Cables tunneled through to the receiver site (usually in the
abdominal wall). 3. Receiver/stimulator device. 4. External control unit.

(15) induced evacuation by mechanical methods (digital
rectal stimulation and/or manual evacuation) combined
with chemical stimulation (use of suppositories) in 9
and/or an active defecatory maneuver in 11. The majority
of patients used more than one method to facilitate evac-
uation; the mean number of methods used to evacuate
was 2.1. Ten patients had bowel movements every two
days, six every day, and two every three days. Time
devoted to defecation was less than half an hour in only
nine patients, from half an hour to one hour in four, and
more than one hour in five.

Some type of minor colorectal function disorder or
lesion (constipation, hemorrhoids) before SCI was present
in five patients. After SCI, all had one or both colorectal
symptoms (11 constipation and 16 anal incontinence). It
is noteworthy that only two patients achieved a score of 0
on the Wexner incontinence scale; the maximum score of
11 was achieved by two patients (mean Wexner score, 5.2)
(Table 2).
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TABLE 2. Patient’s symptoms before implantation of sacral

anterior root stimulator, stratified by the American Spinal
Cord Injury Association Impairment Scale score

AlS A AlS B AlS C
(n=14) (n=1) (n=3)
Aid of another person 2 0 0
Evacuation on the toilet 11 1 3
Use of laxatives
Oral 8 1 1
Rectal 9 0 0
Bowel method
Chemical stimulation 9 0 0
Mechanical methods 12 1 2
Normal defecatory maneuver 8 0 3
Bowel movements
Frequency
Every 24 h 4 1 1
Every 48 h 8 0 2
Every 72 h 2 0 0
Time dedicated
<30 min 6 1 2
30-60 min 3 0 1
>60 min 5 0 0
Constipation 9 1 1
Fecal incontinence 13 1 2
Mean Wexner score 54 7 4

AIS = American Spinal Cord Injury Association Impairment Scale.

Colonic transit time. Total CTT was delayed in 6
patients and was within normal limits in 12.

Anorectal manometry. Mean anal basal pressure was
43 mmHg; only two patients had pressure below 30
mmHg. Two of three patients with incomplete motor
lesions (AIS type C) had low voluntary EAS contraction
(23 and 57 mmHg). The rectoanal inhibitory reflex was
present in all cases, being first observed by distending
volumes between 10 to 40 ml. The inflatory reflex was
observed in six patients. The EMG activity of EAS during
intra-abdominal pressure increase caused by coughing or
defecatory maneuvers was present in 13 cases.

Some type of perception in response to rectal
distension was present in seven patients; two reported
defecatory sensation at 30 and 40 ml of distension (both
had AIS type C). During attempts to make a defecatory
maneuver, ten patients showed no changes in anal canal
pressure, and no EMG activity of the EAS was observed;
most had a neurologic level above T-7. An increase in
anal canal pressure and EMG activity was observed in
eight, most of whom had a neurologic level below T-7.

Progressive distension of the rectum up to 200 ml
was tolerated by ten of the patients; the remainder could
not tolerate it and had spontaneous expulsion of the
balloon or autonomic dysreflexia. Spontaneous expulsion
of the balloon was always preceded by rectal contractions.
Spontaneous contractions of the EAS (presence of EMG
activity of the EAS) occurred in eight patients during pro-
gressive rectal distension. During progressive distension of
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the rectum, a progressive increase was observed in intra-
rectal pressure; thus, rectal compliance tended to be linear.

Clinical Response to SARS

The main clinical data related to bowel function before
and after SARS implantation are shown in Table 3. After
SARS implantation, fewer patients (10) had to take
laxatives (1 rectal laxative, 5 oral laxatives, and 4 both),
and all were able to have bowel movements on the toilet,
although two still required the aid of another person.
Bowel methods used for evacuation were similar to before
SARS implantation: most patients (12) induced evacua-
tion by mechanical methods (digital rectal stimulation
and/or manual evacuation); mechanical methods were
combined with chemical stimulation (suppositories) in 5
and/or an active defecatory maneuver in 9. However, the
mean number of methods used to evacuate was reduced
from 2.1 to 1.5 (P < 0.05). Bowel movement frequency
was greater than before SARS implantation: ten patients
had bowel movements every day, eight every two days,
and no patient had bowel movements every three days or
more (P < 0.05). Time devoted to defecation was also
reduced after SARS implantation, although the difference
was not statistically significant: less than half an hour in
11 patients, from half an hour to 1 hour in 5, and more
than 1 hour in 2.

Constipation, defined by Rome II criteria, was less
prevalent than before SARS implantation (11 vs. 7), and
there was a significant reduction in straining during
defecation (P < 0.05). The prevalence of anal incontinence

TABLE 3. Main clinical data related to bowel function before

and after implantation of sacral anterior root stimulator

Before SARS  After SARS

Aid of another person 2 2
Evacuation on the toilet 15 18
Use of laxatives 13 10
Oral 10 9
Rectal 9 5
Bowel method
Chemical stimulation 9 5
Mechanical methods 15 12
Defecatory maneuver 11 9
Mean number of methods per patient 2.1 1.5%
Bowel movements
Frequency
Every 24 h 6 10*
Every 48 h 10 8
Every 72 h 2 0
Time dedicated
<30 min 9 1
30-60 min 4 5
>60 min 5 2
Constipation 11 7*
Fecal incontinence 16 18
Mean Wexner score 5.2 46
*P < 0.05.
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was greater after the procedure (16 vs. 18), but its severity
decreased (mean Wexner score, 5.2 vs. 4.6) (differences
not statistically significant).

Regarding patient satisfaction with bowel function
after SARS implantation, 12 felt better than before SARS
implantation, 2 the same, and 4 worse. Reasons for feel-
ing worse were as follows: two patients reported needing
mechanical methods (digital rectal stimulation and/or
manual evacuation) after SARS implantation, one re-
ported being more constipated, and one reported having
more incontinence. Two patients who felt better reported
that they no longer required mechanical methods, 5 were
less constipated, and 5 had less fecal incontinence.

No correlation was found between objective or sub-
jective responses to SARS and physiologic characteristics
(manometric findings and CTT determinations) or neu-
rologic characteristics of patients before implantation.

DISCUSSION

Defecatory and urinary problems are among the major
complaints of patients with SCI. As in other studies,'®"”
in some of our previous investigations we had found a
very high prevalence of clinical complaints related to
neurogenic bowel in patients with SCI, including severe
constipation (28 percent), fecal incontinence (31 per-
cent), anorectal disorders (31 percent), and symptoms of
autonomic dysreflexia during defecation (18 percent).*

Normal defecation is induced by increasing intra-
abdominal pressure (and subsequently intrarectal pressure)
while relaxing the anal sphincters. We previously described
different clinicopathophysiologic patterns of bowel dys-
function corresponding to specific neurologic character-
istics in SCI patients. SCI patients with lesions above T-7
are not able to induce an increase in intra-abdominal pres-
sure and normal EAS relaxation because they have no
voluntary control of abdominal and perineal striated mus-
culature. Patients with lesions below T-7 and with spinal
sacral reflexes have voluntary control of abdominal muscles
and can induce intra-abdominal pressure; however, the
EAS reflexly contracts during the rise in intra-abdominal
pressure and provokes anal resistance during attempts at
defecatory maneuvers.>'

Sacral anterior roots carry the parasympathetic outflow
to the left colon, rectum, and internal anal sphincter and
control activity of the striated EAS.*> There is clinical-
experimental evidence that the EAS excitatory response to
straining is eliminated after section of the sacral posterior
nerve roots. As shown by Sun et al,>> rhizotomy seems to
be able to eliminate spinal reflexes that result in an
obstructive contraction of the EAS. After the procedure,
SCI patients had easier and more rapid defecation, bowel
movements were more predictable, and feces present in
the rectum could be evacuated manually. On the other
hand, SARS might be useful for inducing defecation by
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inducing colonic and rectal contraction in the same way as
it produces bladder emptying on demand with minimal
residual urine volume. This is based on the physiologic
fact that smooth muscles (such as the detrusor or rectum)
contract and relax more slowly than the striated sphincter
muscles (such as the external urethral or anal sphincter).
Thus, although SARS simultaneously contracts smooth
and striated muscles, there is a period of time after stim-
ulation in which the striated sphincter is still relaxing
while smooth muscle contraction is maintained. However,
as we observed, this time period is very short and probably
insufficient for complete feces expulsion, which could ex-
plain why SARS is more effective in inducing micturition
(liquid) than defecation (solid).?* These mechanisms dif-
fer from those of sacral nerve stimulation. Sacral nerve
stimulation consists of inserting electrodes in the lower
back (the third sacral foramen is usually the level at which
an optimal beneficial response is gained) and connecting
them to a pulse generator that produces electrical pulses
that affect the sacral nerves. The mechanism of action of
sacral nerve stimulation remains unclear. In contrast to
SARS, which is indicated in SCI patients only to treat
neurogenic bladder, sacral nerve stimulation is indicated
in selected patients with urinary urge incontinence, non-
obstructive urinary retention, fecal incontinence, or con-
stipation caused by several etiologies.””> Some studies have
been conducted in patients with fecal incontinence sec-
ondary to incomplete SCI or cauda equine.”>*’

In our study, all patients were able to use the SARS to
defecate, but all also required another method, such as a
mechanical method and/or a defecatory maneuver, to
evacuate. Furthermore, some patients needed chemical
stimulation with suppositories. However, use of these
other methods occurred less frequently than before SARS
implantation. The need for some other help to induce
evacuation is explained by the fact that during implanta-
tion of the stimulator, deafferentation of the sacral roots
is performed, so patients are no longer able to evacuate
reflexly. Nevertheless, on occasions deafferentation is
incomplete and some reflexes are preserved, rendering
the effect of suppositories possible. If this is not the case,
responses to suppositories may be reduced after posterior
rhizotomy. This should be considered, particularly for
tetraplegic patients unable to perform mechanical meth-
ods (digital rectal stimulation and/or manual evacuation)
or other patients who do not like to perform rectal digital
stimulation and/or manual evacuation. It should be noted
that this was the reason why some of our patients were
dissatisfied with bowel function after SARS implantation.

It is also important to remember that patients with an
areflexic bowel are more prone to fecal incontinence®"*®
and that a posterior rhizotomy might be expected to
increase this problem. Fortunately, we observed that after
the procedure, constipation improved and the severity of
incontinence did not worsen.
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Although most patients reported feeling better, objective
improvement was modest. The improvement in constipa-
tion and the fact that incontinence did not worsen after
SARS were probably the reasons for the positive subjective
response. Moreover, it is noteworthy that in the four pa-
tients who reported feeling worse, fecal incontinence in-
creased in one case but improved in the other three.

We attempted to assess whether certain physiologic
characteristics present before implantation could predict
the response to SARS; however, no anorectal manometry or
CTT results were found to be related to changes in bowel
habits. Similarly, the neurologic characteristics of patients
were not predictive of SARS results. Other factors, such as
the degree of deafferentation and stimulation parameter
characteristics, seem to be more important. Unfortunately,
few studies have evaluated electrical stimulation parameters
and colorectal and sphincteric responses. In these few
studies, rectosigmoid contraction was best achieved in most
patients by simultaneously stimulating all three pairs of S2,
S3, and $4 anterior roots.”****° Further studies are needed
to clarify the optimal stimulation parameters to achieve
the most effective motility responses.

Of course, the efficacy of defecation in patients with
SCI might improve if the rectal smooth muscles could be
activated without simultaneously contracting the EAS.
With this aim, Andersen et al’! performed selective
electrical stimulation in nine Gottingen minipigs using
anodal blocking, a tripolar cuff electrode, and monophasic
rectangular current pulses applied to the sacral nerve roots
and achieved a selective activation of the rectum whereas
anal canal pressure was abolished or reduced. Those au-
thors concluded that this technique might permit a more
physiologic defecation in patients with SCI; however,
whether results obtained in animal models are applicable
or not to humans is debatable.

In summary, SARS, which is able to improve bladder
function, also has some impact on bowel function: it
improves constipation, increases the frequency of defeca-
tion, reduces time spent on defecation, and reduces the
number of methods used to facilitate evacuation. More-
over, patient satisfaction is high because constipation is
improved without increasing incontinence. However,
further studies focused on stimulation parameter charac-
teristics are required to obtain better results.
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RESUM DELS RESULTATS

ALTERACIONES DE LA FUNCION INTESTINAL EN PACIENTES CON
LESION MEDULAR: RELACION CON LAS CARACTERISTICAS
NEUROLOGICAS DE LA LESION.

El 77% dels pacients amb LM estudiats precisaven de I'Us de laxants i el
68% usaven l'estimulacié rectal mecanica per a evacuar; un 10% evacuaven
menys de tres cops per setmana i un 18% hi dedicaven més d’una hora; el 27%
presentaven restrenyiment, el 31% incontinéncia fecal, el 31% patologia
anorectal i el 18% disrefléxia autonoma. Els pacients afectats d’'una LM ASIA
AB 6 C amb reflexes espinals sacres preservats, prenien més laxants via
rectal, evacuaven amb menys freqiéncia i hi dedicaven més temps que els
pacients sense reflexes espinals sacres (p < 0.05). Els pacients amb LM de
nivell neurologic cervical ASIA AB 6 C presentaven més restrenyiment (p <
0.05). Només les lesions de nivell cervical o dorsal alt, ASIA AB 6 Ci amb
reflexes espinals sacres presentaven disrefléexia autonoma (p < 0.05). Els
pacients amb LM ASIA D també presentaven simptomes colorectals
(restrenyiment 15%, incontinencia fecal 15%, patologia anorectal 31%),

precisaven laxants un 46% i estimulacié rectal mecanica un 38%.
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BOWEL DYSFUNCTION IN PATIENTS WITH MOTOR COMPLETE SPINAL
CORD INJURY: CLINICAL, NEUROLOGICAL AND PATHOPHYSIOLOGICAL
CORRELATIONS.

El 67% dels pacients estudiats presentaven restrenyiment i un 85%

diferents graus d’incontinéncia fecal. Es van descriure tres patrons clinics,

neurologics i fisiopatologis:

50

1. Patré A, present en pacients afectats d’'una LM amb nivell neurologic per

sobre de T7 amb reflexes espinals sacres presents. Clinicament es
caracteritzaven per una alta prevalenca de restrenyiment (86%),
evacuacio intestinal dificultosa i incontinéncia fecal moderada (Wexner
4,5). Fisiopatologicament es distingien per presentar un allargament
moderat del TTC, sobretot del colon esquerre i el rectosigma,
incapacitat per incrementar la pressié intrabdominal i abséncia de

relaxacio del canal anal durant la maniobra defecatoria.

. Patr6 B, present en pacients afectats d'una LM amb nivell neurologic per

sota de T7 amb reflexes espinals sacres presents. Clinicament
presentaven menys  restrenyiment (50%), pero forca dificultat
defecatoria i incontinencia fecal moderada (Wexner 4,8).
Fisiopatologicament mostraven un allargament moderat del TTC,
capacitat d’'incrementar la pressio intrabdominal, augment de la pressié
del canal anal durant la maniobra defecatoria i preséncia de contraccié
de I'EAE durant lincrement de la pressié intrabdominal i durant la

distensi6 del recte.

. Patré C, present en pacients afectats d’'una LM amb nivell neurologic per

sota de T7 i sense reflexes espinals sacres. Clinicament el restrenyiment
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també era menys frequent (56%), la dificultat defecatoria era menor i la
incontinencia fecal era més severa (Wexner 7,2). Fisiopatologicament
presentaven un allargament sever del TTC, sobretot al colon esquerre,
capacitat d'incrementar la pressié intrabdominal, abséncia de resisténcia
anal durant la maniobra defecatoria i absencia de contraccio de 'EAE

durant l'increment de la pressi6 intrabdominal i durant la distensio rectal.

BOWEL DYSFUNCTION PATHOPHYSIOLOGY IN PATIENTS WITH MOTOR
INCOMPLETE SPINAL CORD INJURY. COMPARISON WITH MOTOR

COMPLETE SPINAL CORD INJURY PATIENTS.

El TTC estava augmentat de manera similar en els pacients amb LM
motora completa (ASIA A i B) i incompleta (ASIA C i D). La contraccio
voluntaria de 'EAE era present en la majoria dels pacients amb LM motora
incompleta i absent en tots els pacients amb LM motora completa. El reflex de
la tos era menys freqlent en els pacients amb LM motora completa i nivell
neurologic per sobre de T7 (p < 0.05). La sensibilitat rectal estava menys
alterada en els pacients afectats d’'una LM motora incompleta (p < 0.05). La
majoria de pacients amb LM motora completa o incompleta no presentaven
relaxacié del canal anal durant la maniobra defecatoria. Les contraccions
rectals i l'activitat de I'EAE durant la distensio progressiva del recte eren
presents en els dos grups de pacients, pero meés frequents en el d’afectats

d’'una LM motora completa (p < 0.05).
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EFFECT OF SACRAL ANTERIOR ROOT STIMULATOR ON BOWEL

DYSFUNCTION IN PATIENTS WITH SPINAL CORD INJURY.

Després de la implantacié del SARS, la presa de laxants es va reduir, el
nombre de metodes d’evacuacié emprats per pacient va disminuir de 2.1 a 1.5
(p < 0.05), els pacients evacuaven mes frequentment (p < 0.05) i hi dedicaven
menys temps, tot i que sense diferéncies estadisticament significatives. La
incontinencia fecal no es va modificar i menys pacients presentaven
restrenyiment (p < 0.05). Pel que fa al grau de satisfaccié del pacient en quant
a la funcio intestinal després de la implantacié del SARS, la majoria referien
haver millorat. No es va trobar relacié entre la resposta, tant objectiva com
subjectiva, a la implantacié del SARS i el resultat de la manometria anorectal o

del TTC previs a la cirurgia.
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DISCUSSIO

La disfuncié intestinal és un dels aspectes que preocupa més a les
persones afectades d’'una LM (8, 9, 14), tot i aixi s’ha aprofundit molt poc en el
seu estudi, produint-se pocs avencos, pel que fa al coneixement de la seva

fisiopatologia i al seu tractament des de L. Guttmann (7).

Aquesta tesi demostra que els pacients afectats d’'una LM presenten una
prevalenca elevada de simptomes colorectals (restrenyiment, incontinencia
fecal i patologia anorectal), a pesar de I'aplicacié del tractament classic de la
disfuncio intestinal i de I'atencié especial que han de dedicar-hi. Un percentatge
elevat de pacients augmenten l'aportacié de fibra a la dieta i prenen laxants per
via oral de forma habitual. L's de metodes mecanics (estimulacié rectal
mecanica i evacuacié manual) és també elevat, aixi com l'estimulacié rectal
quimica amb supositori. Tot i aguestes mesures, molts pacients precisen I'ajuda
d'una altra persona per a realitzar I'evacuacio intestinal, hi dediquen molt
temps i a més, la prevalenca de simptomes colorectals és elevada, un 61%
presenten un o més simptomes (27% restrenyiment, 31% incontinéncia fecal,
31% patologia anorectal i 13% disrefléxia autonoma). Altres autors també han
descrit que aquestes alteracions repercuteixen negativament en les activitats
habituals del pacient (seleccié de la dieta i mobilitat fora del domicili) (11, 12,
14, 45), és causa d’alteracions emocionals (8, 10, 12) i en consequencia afecta

de manera important a la seva qualitat de vida (10-12).
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Un aspecte a destacar és que qualsevol pacient afectat d'una LM,
independentment de la gravetat de la lesio (nivell neurologic i ASIA), pot
presentar simptomes colorectals derivats del seu budell neurogen. Tot i que en
les lesions medul-lars de més gravetat, els simptomes son mes prevalents i
importants, les lesions medul-lars menys greus (ASIA D) també poden
presentar simptomes colorectals i precisar de I'is de laxants i altres métodes
no habituals per a realitzar I'evacuacié (estimulacié rectal quimica i méetodes
mecanics), aixi com precisar de I'ajuda d’'una altra persona per a dur-la a terme.
Quasi la meitat d’aquests pacients precisen de I'is de laxants i el 53% de I'Us
de I'estimulacié rectal quimica i/o de metodes mecanics i un 38% presenten

simptomes colorectals.

El nostre treball demostra que les caracteristiques neurologiques de la lesié es
relacionen amb les particularitats del maneig de l'evacuacié en aquests
pacients (metode d’evacuacio, temps de dedicacio, frequencia) i la seva
simptomatologia (restrenyiment, incontinencia fecal, patologia anorectal,
disreflexia autonoma), fonamentalment degut a I'alteracié del control neural del
colon i anorecte que provoquen i també a I'afectacié de la capacitat funcional
del pacient per dur a terme l'evacuacié (capacitat de transferir-se al bany,
capacitat de realitzar els metodes d’evacuaci6 mecanics o d’insertar-se un

supositori).

Els pacients amb lesions més severes (tetraplegia ASIA A,B 6 C) s6n més

dependents i realitzen I'evacuaci6 intestinal més frequentment enllitats, degut a

les limitacions funcionals derivades de la paralisi muscular que presenten, que
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afecta a les quatre extremitats. També precisen més de I'Us de I'estimulacié

rectal quimica i han de dedicar més temps a I'evacuacio.

Els pacients afectats de paraplegia ASIA A.B 6 C sense reflexes espinals
sacres, precisen menys I'estimulacié rectal quimica, evacuen amb meés
freqUencia i hi dediquen menys temps que els pacients afectats de paraplegia

amb reflexes espinals sacres.

Pel que fa als simptomes colorectals que presenten els pacients, la
incontinéncia fecal és més severa en els pacients sense reflexes espinals
sacres, el restrenyiment és més prevalent en els pacients amb lesié de nivell
neurologic cervical i ASIA AB 6 C, la patologia anorectal també és molt
prevalent, perdo sense diferencies significatives entre els diferents grups de
pacients i per dltim, la disreflexia autonoma durant I'evacuacio intestinal només
s’observa en pacients amb reflexes espinals sacres i amb lesions amb nivell
neurologic per sobre de T7 i ASIA A 6 B, ja que sbén els pacients amb les
caracteristiques neurologiques on es pot produir aquesta complicacié (78). En
els pacients afectats d’'una LM amb aquestes caracteristiques neurologiques, la
majoria de neurones preganglionars simpatiques de I'asta lateral de la medul-la
dorsolumbar no reben el control de les vies descendents inhibitories pel que, en
resposta a estimuls provinents de sota el nivell neurologic de la lesio, com pot
ser l'aplicaci6 del meétode d’evacuaci6 o la propia evacuacid, poden
desencadenar una hiperactivitat reflexa del sistema nerviés autonom simpatic

produint-se un quadre de disrefléxia autonoma. Tot i que hem constatat que

simptomes severs derivats de I'evacuaci6 intestinal son infrequents, s’ha de
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tenir en comte que la disrefléxia autbnoma pot produir una crisi hipertensiva
que pot provocar complicacions greus, com encefalopatia hipertensiva o inclus

hemorragia cerebral (79, 80).

Pel que fa a la fisiopatologia de la disfuncio intestinal hem provat I'existéncia de
diferents mecanismes implicats en el restrenyiment i la incontinéncia fecal que
presenten els pacients amb LM:
Els mecanismes fisiopatologics que hem descrit responsables del
restrenyiment son:
1. TTC allargat.
2. Alteraci6 de la sensibilitat rectal i del canal anal.
3. Maniobres defecatories obstructives.
4. Abséncia de capacitat per a realitzar premsa abdominal durant la
maniobra defecatoria.
Els mecanismes fisiopatologics descrits responsables de la incontinéncia
fecal son:
1. Debilitat o abséncia de contraccio voluntaria de I'EAE i musculatura del
perineu.
2. Alteraci6 de la sensibilitat rectal i anal.
3. Preséncia de contraccions rectals reflexes.
4. Abolici6 de reflexes espinals sacres de continencia (reflex rectoanal

excitatiu i de valsalva).

Com era d’esperar, hem demostrat que I'EAlI manté la seva funcio i reflexes,

doncs es tracta de musculatura llisa que es troba sota control del sistema
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nervids enteric (23, 24) i no es veu afectada, almenys de manera important,

després d’'una LM.

No tots els pacients presenten tots aquests mecanismes fisiopatologics ni amb
les mateixes caracteristiques ni magnitud d’afectacié. En les lesions motores
completes (ASIA A i B) hem demostrat I'existencia de tres patrons amb una
associacio clinica, neurologica i fisiopatologica i en les lesions motores
incompletes (ASIA C i D) I'existencia de diversos mecanismes fisiopatologics,
variables en cada pacient, pero similars als presents en la LM ASIA Ai B amb
reflexes espinals sacres. Per aquest motiu, en aquest grup de pacients és
important realitzar exploracions complementaries (manometria anorectal, TTC)
per tal d’avaluar al pacient de forma més completa i orientar millor el tractament

de la seva disfuncio intestinal.

Hem observat que les caracteristiques neurologiques que influeixen en la
fisiopatologia de la disfuncié intestinal en aquests pacients son:

1. La presencia o no dels reflexes espinals sacres.

2. El nivell neurologic de la lesio.

3. La gravetat de la lesio (ASIA).

La preservacio dels reflexes espinals sacres determina la preséncia de la
contraccio de I'EAE durant 'augment de la pressié intrabdominal (reflex de
Valsalva o de la tos) i durant la distensio del recte (reflex rectoanal excitatiu), la
preseéncia de contraccions rectals i activitat reflexa de I'EAE durant la distensio

progressiva del recte i la innervacio del sistema nervidés autonom parasimpatic
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sacre sobre el colon. Aquest fet ens determina una fisiopatologia de la
incontinencia fecal i el restrenyiment diferent entre els pacients amb i sense
reflexes espinals sacres, que provoca una clinica diferent i una resposta als
metodes d’evacuacioé també diferent, pel que és molt important, des del punt de
vista clinic, determinar la seva preséencia o absencia, ja que ens orientara en la

clinica que pot presentar el pacient i podrem aplicar millor el tractament.

Els pacients amb reflexes espinals sacres, si tenen conservat el control
voluntari de la musculatura abdominal i per tant poden incrementar la pressio
intrabdominal, quan intenten realitzar una maniobra defecatoria, poden
provocar una contraccio reflexa de 'EAE (reflex de Valsalva o de la tos) i
consequentment un augment de la pressié del canal anal, produint-se una
maniobra defecatoria obstructiva, que és causa de restrenyiment. Aquest
mecanisme I'hem observat en pacients amb LM motora completa amb nivell
neurologic per sota de T7 i amb reflexes espinals sacres (patré B) i en pacients
amb LM motora incompleta. En aquest segon grup, encara que mantinguin un
control voluntari de I'EAE, en ser aquest débil i/o acompanyar-se d'una
afectacio de la sensibilitat rectoanal, els hi és dificil realitzar una maniobra

defecatoria correcte.

Els pacients sense reflexes espinals sacres no tenen el reflex de la tos ni el
rectoanal excitatiu, aquests dos reflexes contribueixen a la continéncia fecal,
quan es produeixen increments de la pressié intrabdominal (reflex de la tos) o

quan arriben petites quantitats de femta al recte (reflex rectoanal excitatiu) (24,
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30), per aquest motiu, en aquest grup de pacients, la incontinéncia fecal és

meés severa.

Els pacients amb reflexes espinals sacres presenten contraccions rectals
durant la distensio progressiva del recte, que contribuiran a la presencia
d’incontinéncia fecal en ser responsables de les evacuacions reflexes (28), tot i
que en tenir preservats el reflex de Valsalva i el rectoanal excitatiu, aquesta és

menys severa que en les lesions sense reflexes espinals sacres.

La innervacié del sistema autonom parasimpatic sacre al colon estimula la seva
motilitat (29), pel que en els pacients sense reflexes espinals sacres, que no
tenen aquesta influéncia, el TTC es veu severament allargat, sent un
mecanisme important de restrenyiment en aquest grup de pacients.
L’allargament del TTC dels pacients amb reflexes espinals sacres pot ser degut
també a alteracions en la innervacié del parasimpatic sacre, en quedar sense
control de vies superiors, o també contribuir-hi la preséncia de maniobres

defecatories obstructives.

Una altra caracteristica neurologica de la LM que afecta a la fisiopatologia de la
seva disfuncio intestinal és el nivell neurologic de la lesi6. A més d'influir de
manera decisiva en la capacitat funcional del pacient per aplicar el programa
d’evacuacid, tal com s’ha explicat anteriorment, ens determinara la preséncia
de control voluntari sobre la musculatura abdominal, musculatura important per
la realitzacié de la maniobra defecatoria en provocar I'increment de la pressio

intrabdominal. En els pacients amb nivell neuroldgic per sobre de T7, aquest
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control es veura afectat pel que la seva capacitat d'incrementar la pressio
intrabdominal es veura compromesa. Per aguest motiu, en aquest grup de
pacients, observem amb més frequencia I'abséncia d’augment de la pressio

intrabdominal durant l'intent de maniobra defecatoria.

Per ultim la gravetat de la lesié ens determinara el control voluntari sobre la
musculatura estriada, en la LM motora completa (ASIA A i B) aquest control
estara abolit per sota del nivell neurologic de la lesié i en la LM motora
incompleta (ASIA C i D) el control sera variable. Per aquest motiu la majoria
dels pacients amb LM motora incompleta amb nivell neurologic per sobre de
T7, poden incrementar la pressio intrabdominal en contraure la musculatura
abdominal i els pacients amb LM motora completa no la poden incrementar, en
no tenir control voluntari sobre aquesta musculatura. La gravetat de la lesio
també afectara a la capacitat de contraure voluntariament I'EAE i la
musculatura perineal, provocant la incapacitat o dificultat per incrementar la
pressio del canal anal per evitar el pas de femtes o la incapacitat de relaxar-la
durant una maniobra defecatoria, contribuint en el primer cas a la incontinéncia

fecal i en el segon al restrenyiment.

La gravetat de la lesi6 hem demostrat que també influeix en la sensibilitat a la
distensio rectal, la seva afectacié és més freqlient i severa en les lesions més
greus, la falta o alteracié de la sensibilitat rectal contribueix al restrenyimenti a

la incontinéncia fecal.
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Els diferents mecanismes fisiopatologics de la disfuncié intestinal secundaria a
LM ens influiran en el seu tractament. El tractament del budell neuropatic
consisteix principalment en l'establiment d’'un programa d’evacuacio que, tal
com s’ha explicat a la introduccio, consta de diferents aspectes entre els quals
es troba el metode d'evacuacid, que pot consistir en I'estimulacié rectal
quimica, els métodes mecanics (estimulacid mecanica i evacuacio manual) i la
maniobra defecatoria. La utilitzacié d’aquests metodes ve determinada per la
fisiopatologia de la disfunci6 intestinal que presenti el pacient, ja que marca la

seva efectivitat i la capacitat per a realitzar-los.

Els pacients amb reflexes espinals sacres usen més I'estimulacié rectal
quimica, els pacients amb LM de nivell neurologic per sota de T7 o incompleta
motora (ASIA C i D) la maniobra defecatoria i tots els pacients poden usar
meétodes mecanics. L'estimulacid rectal quimica desencadena reflexes
espinals, com les contraccions rectals (33), pel que és en els pacients amb
preservacio dels reflexes espinals sacres on és efectiva i per aixd €s més
utilitzada. En els pacients sense reflexes espinals sacres, aquests reflexes no
sén presents, sent aquest métode poc efectiu i per tant és menys usat. La
maniobra defecatoria és més utilitzada en els pacients amb nivell neurologic
per sota de T7 i amb LM motora incompleta (ASIA C i D), ja que tenen control
voluntari, com a minim parcial, de la musculatura abdominal, pero tal com hem
observat en la majoria d’ocasions, aquestes maniobres sén obstructives pel
que també solen precisar de I'estimulacié rectal quimica i/o0 métodes mecanics.
Els pacients amb LM sense reflexes espinals sacres, tal com hem comentat

anteriorment, rarament usen I'estimulacié quimica per manca d’efectivitat, i molt

61



Discussi6

la maniobra defecatoria, que no és obstructiva com en els pacients amb
reflexes espinals sacres, pero la relaxacio del canal anal no és voluntaria, és
reflexa, secundaria a la relaxacié de I'EAI, pel que la maniobra defecatoria com
a unic metode no sempre és efica¢ i molt freqientment precisen també de
metodes mecanics. Aguests metodes son I'evacuacié manual i I'estimulacio
rectal mecanica, que poden ser efectives en qualsevol dels grups de pacients.
L’estimulacié rectal mecanica provoca un reflex rectoanal inhibitori en distendre
el recte digitalment (33, 49), reflex que tal com hem descrit, es troba present en
tots els pacients amb LM independentment de la presencia o no de reflexes
espinals sacres, doncs és un reflex mienteric, no espinal. L'estimulacio rectal
mecanica, en pacients amb reflexes espinals sacres, també pot provocar

contraccions rectals i evacuacions reflexes (62).

També hem constatat que el temps de dedicaci6 i la freqliiéncia de I'evacuacio
no és igual en tots els pacients i la fisiopatologia de la disfuncié intestinal
intervé en aquestes diferencies. El temps dedicat a I'evacuaciéo és menor i la
frequéncia d’evacuacido és més alta en els pacients sense reflexes espinals
sacres i els pacients amb LM ASIA D, en canvi els pacients amb LM completa
motora (ASIA A i B) amb reflexes espinals sacres i sobretot amb nivell
neurologic per sobre de T7 son els que evacuen amb menys frequéncia i
precisen dedicar més temps a I'evacuacio. Els pacients amb reflexes espinals
sacres, per a realitzar I'evacuacié s’estimulen reflexes espinals amb meétodes
quimics o mecanics, pel que precisen més temps, ja que han d’esperar a que
es desencadenin, cosa que no necessiten els pacients sense reflexes espinals

sacres, que a més tenen abolits reflexes que ajuden a la continéncia com soén
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el reflex rectoanal excitatiu i el de Valsalva, pel que han de buidar freqientment
el recte de femtes, per evitar la seva sortida involuntaria. Els pacients amb LM
ASIA D son un grup amb una lesid menys severa i més independencia des del
punt de vista funcional, pel que evacuen amb menys freqiencia i menys temps,
tot i que quan presenten restrenyiment i/0 incontinencia fecal les diferencies

amb les lesions més severes s6n menors.

El coneixement de la fisiopatologia de la disfuncié intestinal secundaria a LM,
com de qualsevol patologia, és fonamental per millorar el seu tractament.
Aquest ha canviat poc des de L. Guttmann i diversos autors han recomanat
aprofundir en el seu estudi (49, 61), tant amb la investigacié sobre I'efectivitat
dels tractaments aplicats actualment, com en l'avaluacié de noves terapies. Es
per aquest motiu que en aquesta tesi també es va voler avaluar la resposta

clinica de la funcié intestinal després de la implantacié del SARS.

El SARS esta indicat per al tractament de la bufeta neurogena amb detrusor
hiperactiu secundaria a LM, pero el sistema urinari i colorectal comparteixen la
innervacié de les arrels sacres, pel que la implantacid6 d'un SARS també té
efectes sobre la funcié intestinal. Hem demostrat que els pacients que han
rebut aquest tractament, després d’'un any de la implantacid, evacuen amb més
frequéncia, precisen dedicar-hi menys temps, es redueix el restrenyiment sense
empitjorar la incontinéncia fecal i el grau de satisfaccio del pacient és alt.
Aquests canvis es produeixen degut a la rizotomia de les arrels sacres
posteriors, que es realitza durant el procediment i provoca una abolici6 o

disminucié dels reflexes espinals sacres i també pels efectes de I'estimulacié
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eléctrica de les arrels sacres anteriors sobre lI'anorecte. No s’ha trobat cap
relacio entre la resposta després de la implantacio del SARS i els resultats de

la manometria anorectal i el TTC preuvis.

Per tal de millorar aquests resultats i el coneixement dels efectes del SARS
sobre la funcio intestinal, cal aprofundir en l'estudi de les modificacions
fisiologiques sobre I'anorecte de la rizotomia de les arrels sacres posteriors i de
I'electroestimulacio de les arrels sacres anteriors, aixi com avaluar les
caracteristiques dels parametres d’estimulacio per optimitzar el tractament de la

disfuncid intestinal en els pacients als que se’ls hi aplica aquest tractament.

El fet que en aquesta tesi s’hagin descrit diferents mecanismes fisiopatologics
de restrenyiment i incontinencia fecal en els pacients afectats d’'una LM, obre
les portes a avaluar altres tractaments. La presencia de debilitat de I'EAE,
alteracio de la sensibilitat rectal i defecacions obstructives en pacients amb LM
motora incompleta fa pensar en la possible efectivitat, en determinats pacients,
de tecniques de biofeedback que s’han mostrat efectives en pacients amb
incontinéncia fecal i restrenyiment d’altres etiologies (81, 82). S’ha realitzat
algun estudi amb resultats positius en pacients amb incontinéncia fecal
secundaria a esclerosi multiple (83). La preséncia de defecacions obstructives,
presents en la LM motora completa patré B i en pacients amb LM incompleta
motora convida a assajar la infiltraci6 amb toxina botulinica de 'EAE, aquest
tractament s’ha usat amb resultats favorables i segurs en pacients amb

restrenyiment secundari a defecacié obstructiva o anisme (84). També s’ha
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provat amb bons resultats en pacients afectats de malaltia de Parkinson que

presentaven restrenyiment degut a evacuacié obstructiva (85).

En resum, la nostra tesi descriu la clinica de la disfuncio intestinal en pacients
amb LM que segueixen un programa d’evacuacié classic i confirma la
prevalenca elevada de simptomes colorectals en aquests pacients; evidencia
una associacio clinica, neurologica i fisiopatologica de la disfuncio intestinal
secundaria a LM, demostrant, en els pacients amb LM motora completa (ASIA
A i B) I'existencia de tres patrons clinics, neurologics i fisiopatologics i descriu
en els pacients amb LM motora incompleta (ASIA C i D) els mecanismes
d’incontinencia fecal i restrenyiment. També documenta els canvis positius en
la funcié intestinal després de la implantacié del SARS per a tractament de la
bufeta neurdgena. Aquests resultats contribueixen substancialment al
coneixement de la disfuncid intestinal secundaria a LM i promouen la necessitat
de millorar el diagnostic fisiopatologic de la clinica que presenten els pacients,
mitjancant exploracions complementaries, com la manometria anorectal i el
TTC, sobretot als afectats d'una LM motora incompleta. També indueixen a
millorar el resultat de tractaments ja aplicats com el SARS i a avaluar nous
tractaments com técniques de biofeedback o la infiltracié6 de 'EAE amb toxina

botulinica.
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CONCLUSIONS

66

1. Els simptomes colorectals tenen un prevalenca elevada en els pacients

afectats d'una lesié medul-lar crénica, el 61% presenten un 0 meés

simptomes.

Les caracteristiques neurologiques de la lesi6 medul-lar (nivell
neurologic, ASIA, reflexes espinals sacres) es relacionen amb la clinica
de la disfuncio intestinal, la seva fisiopatologia i consequentment amb el

seu tractament.

Els pacients afectats d’'una lesié medul-lar motora completa (ASIA A i B)
presenten tres patrons amb una associacié clinica, neurologica i

fisiopatologica.

En els pacients afectats d’'una lesio medul-lar motora completa (ASIA A i
B), el restrenyiment, principalment, esta associat a la incapacitat
d’augmentar la pressio intrabdominal i de produir una relaxacié del canal
anal en els pacients amb nivell neurologic per sobre de T7 i reflexes
espinals sacres, a la defecacid obstructiva en pacients amb nivell
neurologic per sota de T7 i reflexes espinals sacres presents i a
l'allargament del temps de transit colonic en pacients amb nivell

neurologic per sota de T7 i absencia de reflexes espinals sacres.



Conclusions

5. En els pacients afectats d’'una lesié medul-lar motora completa (ASIA A i
B), la incontinencia fecal esta relacionada amb la pérdua del control
voluntari de I'EAE, sent més severa en els pacients sense reflexes
espinals sacres, en no presentar resposta de 'EAE a la distensio del
recte i a 'augment de la pressi6 intrabdominal. La falta de sensibilitat
rectal i la preséncia d’evacuacions reflexes son altres factors que

produiran incontinencia fecal.

6. En els pacients afectats d’'una lesio medul-lar motora incompleta (ASIA C
i D), els mecanismes fisiopatologics del restrenyiment i la incontinéncia
fecal sén similars als que presenten els pacients amb lesi6 medul-lar
motora completa amb reflexes espinals sacres presents, pero variables
en cada pacient, pel que és en aquest grup on esta indicat realitzar
estudis fisiopatologics com la manometria anorectal i la determinacié del

temps de transit colonic per millorar el diagnostic.

7. L'estimulador d’arrels sacres anteriors afecta a la funcio intestinal:
provoca una millora del restrenyiment sense empitjorar la incontinéncia
fecal, augmenta la frequiéncia d’evacuaci6, disminueix el temps de
dedicacio i el nombre de metodes d’evacuacié empleats i el grau de

satisfaccio del pacient és elevat.

8. No s’han trobat factors fisiologics previs a la implantacio de I'estimulador

d’'arrels sacres anteriors que prediguin la resposta sobre la funcié

intestinal.
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Abreviacions

ABREVIACIONS

ASIA: American Spinal Injury Association Impairment Scale
EAE: esfinter anal extern

EAI: esfinter anal intern

LM: lesié medul-lar

SARS: estimulador d’arrels sacres anteriors

TTC: temps de transit colonic
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