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ABREVIATURAS

CD: colitis por diversion

GE: grupo estimulado

GC: grupo control

IP: ileostomia de proteccién

CCR: cancer colorrectal

IPP: ileo paralitico postoperatorio
SNG: sonda nasogastrica

RAB: reseccion anterior baja

IMC: indice de masa corporal

Ell: enfermedad inflamatoria intestinal
ASA: American Society of Anaesthesiologist
IHQ: inmuninohistoquimica

HE: hematoxilina-eosina

CRP: C-reactive protein

NLR: ratio neutrofilos/linfocitos

LMR: ratio linfocitos/monocitos

PLR: ratio plaquetas/linfocitos

AGCC: acidos grasos de cadena corta
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Introduccion

La creaciéon de una ileostomia temporal en pacientes intervenidos de carcinoma
colorrectal mediante reseccion anterior baja con escisidn total del mesorrecto, permite
disminuir la morbilidad asociada a la fistula anastomodtica. Aunque la reconstruccién
del transito intestinal no esta exenta de morbilidad. Entorno al 18-40% presentaran
complicaciones tales como colitis por diversidén, obstruccidon de intestino delgado,
infeccion de la herida quirdrgica, ileo postoperatorio, fuga anastomética, fistula,

perforacién, absceso, hemorragia o eventracion.

La colitis por diversién es la inflamacion crénica producida en un segmento de
colon desfuncionalizado tras la realizacién de un estoma temporal. Esta inflamacidn se
asocia a un cambio en la flora microbiota, cambios endoscépicos, cambios histoldgicos
y una alteracién de marcadores séricos inflamatorios. Estas alteraciones provocan una
disbacteriosis y una atrofia vellositaria en el segmento de colon excluido, provocando
un deterioro de la capacidad de absorcién y contracciéon luminal, con pérdida de
contractilidad y motilidad. Para evitarlo se han propuesto dos lineas de actuacion; el
cierre precoz de la ileostomia de proteccidén, que seria la mejor opcion, o en su

defecto, un cierre tardio previa estimulacidn del asa eferente.

Basandonos en la necesidad de devolver al intestino excluido su funcionalidad,
prehabilitdndolo antes de la reconstruccién del transito y la disbiosis bacteriana
demostrada, decidimos administrar probidticos a través del extremo distal de la
ileostomia. Los probidticos se estan aplicando cada vez en la patologia gastrointestinal.
Son bacterias vivas no patdégenas como Lactobacillus, Bifidobacterium vy
Estreptococcus, que presentan actividad antimicrobiana, inmunomoduladora vy
mejoran la barrera intestinal. Suministrados en las concentraciones adecuadas,

promueven beneficios en la salud del organismo huésped.
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Hipotesis

La estimulacién preoperatoria del intestino con sustancias probidticas a través
del asa eferente de la ileostomia en pacientes intervenidos de carcinoma colorrectal
disminuye la colitis por diversién y, por tanto, disminuye la clinica asociada a la colitis

por derivacidn tras la cirugia de reconstruccién del transito.

Objetivos

Evaluar la eficacia y seguridad de la estimulacién del asa eferente de la
ileostomia de proteccién con probidticos previa a la reconstruccidon del transito
intestinal en pacientes intervenidos de carcinoma colorrectal y su efecto sobre la
colitis por diversién, evaluando los cambios endoscépicos, histoldgicos, en los

biomarcadores seroldgicos asi como la aparicién de ileo paralitico postoperatorio.

Metodologia

Se disefid un estudio prospectivo, aleatorizado, doble ciego, controlado. Se incluyeron
pacientes intervenidos de carcinoma colorrectal con creacién de ileostomia de
proteccion entre enero de 2017 y diciembre de 2018; pendientes de cirugia de
reconstruccién del transito que presentaban diagndstico endoscépico e histolédgico de
colitis por diversién. Fueron aleatorizados y divididos en dos grupos: un grupo
estimulado con probidticos (GE) y otro grupo control (GC). Completaron el estudio 34
casos y 35 controles. Se determinaron los cambios endoscdpicos, histoldgicos y
serolégicos pre y post-estimulacién con probidticos, asi como las complicaciones

postoperatorias y en el seguimiento a corto plazo.
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Resultados

La incidencia de ileo postoperatorio fue similar en ambos grupos. Igualmente
no hubo diferencias significativas en cuanto a la necesidad de sonda nasogastrica,
restablecimiento del transito ni estancia hospitalaria. En el andlisis comparativo se
demostré un relacién directa entre la aparicion de ileo tras la cirugia oncolégica y tras

la reconstruccion del transito independiente de la estimulacién p=0,005.

Se observo una reduccion del grado de severidad histoldgica y endoscépicos en
el grupo estimulado preestimulacidon/postestimulacién respecto al grupo control. Estos
resultados fueron estadisticamente significativos, con una p<0,001 y un coeficiente de
asociacion intensa. Se observoé una reduccién de los hallazgos endoscdpicos (friabilidad
de la mucosa, ulceras, pdlipos, edema de mucosa, eritema y estenosis) e histolégicos
(hiperplasia folicular, infiltracién de la lamina propia por eosinéfilos, abscesos cripticos,
infiltracién por linfocitos, infiltracion por células plasmaticas y distorsion de la
arquitectura) en el grupo estimulado preestimulacidon/postestimulacién respecto al
grupo control. Estos resultados fueron estadisticamente significativos, con una

p<0,001 y un coeficiente de asociacion intensa.

En el estudio de biomarcadores inflamatorios serolégicos, se observd una
disminucion significativa de los valores de PCR, cociente NLR y cociente LMR y un
aumento significativo de los valores de transferrina y del cociente PLR en el GE frente
al GC tras la estimulacion con probidticos con una p<0,001. En el seguimiento a los 3
meses tras la reconstruccién del transito se normalizan las cifras de PCR y transferrina,

y se igualan los cocientes NLR, LMR y PLR en ambos grupos.
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Conclusiones

1) La estimulaciéon del asa eferente con probidticos es un método seguro y eficaz; 2)
Provoca una disminucion o desaparicion del grado de colitis por diversion
macroscopica y microscopica; 3) Disminuye la clinica a corto plazo tras la
reconstruccién del transito intestinal; 4) Puede ser una alternativa para pacientes que
no son candidatos a cirugia de reconstruccion del transito; 5) El grado de severidad
endoscdpica e histoldgica de la colitis por diversiéon se relaciona con una mayor
alteracion de los biomarcadores inflamatorios en sangre; 6) La estimulaciéon con
probidticos previa a la reconstruccion del transito produce una normalizacion de estos
pardmetros de forma precoz; 7) La aparicion de ileo paralitico secundario al cierre de la
ileostomia de proteccidon es independiente de la estimulacion del asa eferente con
probidticos; 8) Parece existir relacion entre la aparicién de ileo tras la reconstruccién y

la existencia previa en el postoperatorio de la cirugia del cancer colorrectal.
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Introduction

The performance of a temporary ileostomy in patients operated on for
colorectal carcinoma, by means of an anterior resection with total mesorectal excision,
reduces the morbidity associated with anastomotic leak. However, reconstructive
surgery is not risk-free. The incidence of complications following ileostomy closure,
such as diversion colitis, small bowel obstruction, surgical wound infections,
postoperative ileus, anastomotic leak, fistula, perforation, abscess, bleeding or hernia,

ranges from 18% to 40%.

Diversion colitis is a non-specific inflammation of a defunctionalised segment of
the colon after a temporary stoma has been performed. This inflammation is
associated with a change in the colonic flora, endoscopic changes, histological changes
and an alteration of certain inflammatory serum biomarkers. This changes produces
dysbacteriosis and atrophy of its villi and muscular layers in the excluded colon
segment, as well as a loss of segmentary contractility that could produce a reduction in
the ability for absorption. To avoid this, two lines of studies have been proposed; early
closure of the loop ileostomy, which would be the best option, or late closure after

stimulation of the efferent loop.

Based on the need to return the excluded intestine to its function, pre-enabling
it before surgery reconstruction and demonstrated bacterial dysbiosis, we decided to
administer probiotics through the efferent loop. Probiotics are increasingly being
applied in gastrointestinal pathology. They are non-pathogenic live bacteria, such as
Lactobacillus, Bifidobacterium and Estreptococcus, which present antimicrobial and
immunomodulatory activity and improve the intestinal barrier. Supplied in adequate

amounts, they promote health benefits on the host.
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Hypothesis

Preoperative stimulation of the efferent loop with probiotics prior to closure of the
protective ileostomy in patients operated on colorectal carcinoma decreases the
diversion colitis and, therefore, reduces the symptons associated with diversidn colitis

after restorative surgery.

Objectives

To evaluate the efficacy and safety of preoperative stimulation of the efferent
loop with probiotics prior to closure of the protective ileostomy in patients operated
on colorectal carcinoma and its effect on diversion colitis. Endoscopic and histological

changes, biomarkers serological changes and postoperative ileus were evaluated.

Results

The incidence of postoperative ileus was similar in both groups. There were no
significant differences with regard to need of a nasogastric tube, restoration of bowel
function and duration of hospital stay. The comparative analysis showed a direct
relationship between postoperative ileus after oncological surgery and postoperative

ileus after reconstruction surgery, independently of stimulation with p = 0.005.

A decrease in endoscopic and histological severity were observed in stimulated
group. These results are statistically significant with a p<0,001 and a intense level
association. A decrease in endoscopic findings (mucosal friability, mucous erosions,
polyps, edema, erythema and stenosis) and in histological findings (follicular
hyperplasia, eosinophils, cryptic abscesses, lymphocyte infiltration, plasma cell
infiltration and architecture distortion) were observed in stimulated group. These

results are statistically significant with a p<0,001 and a intense level association.

30



In serological biomarkers study, a significant decrease in C-reactive protein
(CRP), Neutrophil/lymphocyte ratio (NLR ratio) and monocyte/lymphocyte ratio (MRL
ratio) and a significant increase in transferrin values and in the platelet/lymphocyte
ratio (PLR) was observed in the stimulated group versus control group after stimulation
with probiotics with a p <0.001. A normalization of CRP and transferrin levels was
observed in the third month of follow-up after closure ileostomy, and NLR, MRL and

PLR ratios were equal in both groups.

Conclusions

1) Probiotic stimulation of the efferent loop is a safe and effective method; 2) It
produces a decrease of the endoscopic and histological severity of colitis; 3) As well as,
a decrease in symptoms in the short term after reconstructive surgery; 4) This
procedure can be an alternative treatment in patients who surgical option is not
feasible or available; 5) The endoscopic and histological severity of DC is associated
with a greater alteration of inflammatory biomarkers in the blood; 6) The stimulation
with probiotics prior to reconstructive surgery produces an early normalization of
these parameters; 7) Postoperative ileus after closure ileostomy is independent of
stimulation of the ileostomy with probiotics through the efferent loop; 8) There seem
to be a relationship between Pl after reconstruction and the previous existence of

postoperative ileus after colorectal cancer surgery.

31



32



Contextualizacion de la colitis por

diversion y su abordaje terapéutico
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La presente tesis doctoral, se enmarca en un proyecto de investigacion que analiza
si mejora la sintomatologia asociada a la colitis por diversién tras el cierre de la
ileostomia de proteccién en pacientes intervenidos de carcinoma colorrectal. Estos
pacientes, tras la cirugia de reconstruccion del transito intestinal, experimentan una
clinica exacerbada relacionada con la inflamacién crénica del segmento de colon
excluido que mantiene una marcada ausencia de funciones, lo que conlleva a una

notable disminucién en la calidad de vida.

El proyecto de investigacion que ha servido de base para desarrollar esta tesis
doctoral ha sido aprobado por el Comité Coordinador de Etica de la Investigacidn
Biomédica de Andalucia, Espaia, y registrado con el apoyo de la Fundaciéon Andaluza
Beturia para la Investigacion en Salud (FABIS), con el numero de Proyecto
2017/331191354. Para este proyecto se establecié una colaboracion entre la
Universidad de Huelva y los tres hospitales de la provincia de Huelva, el Hospital
Universitario Juan Ramoén Jiménez, el Hospital Comarcal Infanta Elena y el Hospital

General de Riotinto.

1.1. Cancer colorrectal e ileostomia de proteccion

En los paises occidentales, el cancer de recto representa el 28-35% de todos los
canceres colorectales, con una incidencia de 15-25 nuevos pacientes por cada 100000
habitantes/afio en paises europeos (Glynne-Jones R, 2017). Presenta una mayor
incidencia en el sexo masculino y a partir de los 60 afios de edad, aunque en mas de un
5% de los casos esta enfermedad debuta en individuos menores de 40 anos, por lo que
debemos analizar los factores que influyen en la génesis de la enfermedad (Dekker E,
2019). Numerosos estudios han demostrado la implicacion de la obesidad, la dieta,
consumo carne roja, grasas saturadas y disminucién de la ingesta de fibra y fruta (Gao

R, 2017; Lucas C, 2017; Thanikachalam K, 2019; Morze J, 2021).
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Una gran parte de los canceres de recto no dan sintomatologia hasta estadios
avanzados (Glynne-Jones R, 2017). La rectorragia es el sintoma mas frecuente y
muchas veces es atribuido de forma incorrecta a patologia proctoldgica (Dekker E,
2019). Cuando la enfermedad progresa, el paciente refiere cambio en el hdbito
intestinal asociado a la obstruccién parcial por progresién del tumor. Cuando la
enfermedad se situa en el recto bajo (<5cm del margen anal), el paciente puede referir
sensacion de evacuacién incompleta o tenesmo rectal. Las molestias abdominales
suelen aparecer sobre todo a nivel de hipogastrio. Cuando el tumor se encuentra en
una etapa avanzada y provoca infiltracién de estructuras osteomusculares o nerviosas
puede provocar dolor a nivel del sacro o rectal que muchas veces es de gran intensidad
y de dificil manejo farmacolégico (Zielinska A, 2021). Si el cédncer invade vejiga,
sintomas como cistitis o fecaluria pueden aparecer. En un estudio de Beard et al (Beart
RW, 1995), dénde se analizaba la sintomatologia de 5696 pacientes con cdncer de
recto, la presencia de sintomas por orden de frecuencia fue: rectorragia (60,4%),
cambios en el hdbito intestinal (43,3%), sangrado oculta en heces (25,8%), dolor

abdominal (20,9%), malestar general (9,1%), obstruccién intestinal (9%) y dolor pélvico

5%) (Glynne-Jones R, 2017; Dekker E, 2019).
(5%) (Gly , ; , )

Figura 1. Colonoscopia: lesion estenosante, ulcerada a unos 6cm del margen anal,

compatible con neoplasia de recto medio.
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La exploracidn fisica en el cdncer de recto es esencial para determinar la extension
local de la enfermedad. La presencia de una masa protuberante con una ulceracién
central es caracteristica del cancer de recto. Esta exploracién debera llevarse siempre a
cabo ante la presencia de sintomas de sospecha a la hora de establecer un adecuado
diagnéstico diferencial. El estudio debera ser completado mediante analitica de sangre
incluyendo hemograma, funcién hepatica, CEA, Ca 19.9, test de sangre oculta (TSOH)
en heces, y estudios de imagen como rectocolonoscopia, ecografia endorrectal,

tomografia axial computerizada toracica y abdominal (TAC) y resonancia magnética

(RNM) (Glynne-Jones R, 2017; Dekker E, 2019; Montminy EM, 2020).

Figura 2.Tomografia axial computerizada: engrosamiento mural mamelonado, de
20mm de grosor, que afecta a margenes izquierdo y anteroposterior, estenosando la
luz del recto medio. Presenta especulaciones hacia la grasa perirrectal, en relacion con
neoplasia rectal. Asocia reticulaciéon de la grasa perirrectal, en la que existen varias
imagenes nodulares compatibles con adenopatias de aspecto patoldgico. Clasificacion

TNM —T3b, N1, Mx.
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Figura 3. Resonancia Nuclear Magnética. Secuencias para estadificaciéon locorregional
del cancer de recto T1 y T2 con contraste iv. Se apercia un engrosamiento mural casi
circunferencial , mamelonado, con sefial intermedia en T1/T2 de aspecto neoplasico
qgue involucra la pared anterior, lateral izquierda y posterior del recto superior,

ocasionando una estenosis no obstructiva de la luz rectal.

Figura 4. Ecografia endoanal: canal rectal, se aprecia tumoracidon submucosa uT2 a las

3-9 horas. Tumor rectal que incluye la capa muscular de la pared.
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La radioterapia preoperatoria es el tratamiento inicial de eleccién en el caso de
tumores rectales localmente avanzados, generalmente acompafiada de tratamiento
sistémico con quimioterapia (QT) (Glynne-Jones R, 2017; Dekker E, 2019; Keller DS,
2020). Se ha demostrado la disminucién de probabilidad de recidiva local en pacientes
tratados de esta forma. Los tumores de recto localmente avanzados son aquellos que
se extienden mas alld de la capa muscular, o aquellos en los que se demuestra la
presencia de metastasis ganglionares, serian candidatos a tratamiento neoadyuvante
previo a la cirugia del cancer colorrectal (Glynne-Jones R, 2017; Dekker E, 2019;

Arredondo J, 2020).

En cuanto al tratamiento quirurgico, desde la primera intervencion exitosa para el
tratamiento del cancer de recto, realizada por Lisfranc en 1826, las técnicas quirdrgicas
han ido mejorando de forma progresiva, permitiendo resecciones cada vez mas
complejas (Breen RE, 1983). La primera cirugia que combind abordaje perineal y
abdominal fue descrita por Czerny en 1884, y modificada por Miles en 1908, para
incluir la reseccion de los ndédulos linfaticos regionales junto con una completa
extirpacién del recto y del ano (Graney MI, 1980; Aaron R, 2020). Pero no fue hasta
1982, cuando Heald introdujo el concepto de escisién total del mesorrecto (ETM), que
incluiria la reseccion colorrectal junto con todo el tejido graso que rodea al recto y que
contiene la grasa perirrectal, nddulos linfaticos y pequefios vasos sanguineos
implicados en la extensién tumoral (Heald RJ, 1982; Heald RJ, 1988; Heald RJ, 2017).
Progresivamente, y gracias al abordaje combinado laparoscépico, se fueron realizando
resecciones de recto mas complejas, incluyendo resecciones ultrabajas y la creacién de
reservorios o “pouch” con la intencidn de disminuir el grado de incontinencia tras la
cirugia (Parc R, 1986; Lazorthes F, 1986; Leong AF, 2000). Junto al desarrollo de estas
técnicas y la realizacién de anastomosis cada vez mas bajas, se observé un aumento en
la tasa de dehiscencias o fistula anastomdticas, demostrando en varios trabajos que el
factor mas importante en la dehiscencia tras la reseccion anterior baja o ultrabaja era

la distancia de la anastomosis respecto al margen anal. Como medida para solucionar
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este problema se comenzaron a realizar de forma conjunta ileostomias derivativas o

de proteccién (IP) (Jacobs M, 1991; Lujan J, 2009; Matthiessen P, 2017).

La complicacidon mas frecuente y mas temida tras la cirugia del cancer de recto es la
fistula anastomoética (FA), con una incidencia del 25%. Su presencia condiciona entre el
6-30% de la mortalidad (Matthiessen P, 2017; Dekker E, 2019). Esta grave complicacion
no sdlo tiene efectos sobre la morbilidad y la mortalidad de los pacientes, sino también
sobre los resultados oncoldgicos, describiéndose en pacientes con FA un incremento
en la recurrencia local de la enfermedad y una disminucién del periodo libre de
enfermedad. Se consideran factores predisponentes de FA el sexo masculino, la
localizacion ultrabaja de la anastomosis, la quimioterapia preoperatoria, estadios
tumorales avanzados, la transfusidon perioperatoria y los disparos multiples en la linea
de grapado se han asociado con un riesgo aumentado de FA (Heald RJ, 2017; Dekker E,
2019). Entre las medidas adoptadas para reducir la morbimortalidad derivada de la FA,
la creacion de ostomias de proteccion ha demostrado tener efectividad, sugiriéndose,
que la ausencia de una ileostomia derivativa es un factor de riesgo para la aparicion de
una dehiscencia sintomatica después de la practica de una ETM en pacientes con

cancer rectal (Heald RJ, 2017; Matthiessen P, 2017; Farag S, 2017).

Como parte final del tratamiento combinado del cancer de colorrectal se
administra tratamiento adyuvante. La quimioterapia adyuvante estd indicada en
pacientes con un estadio tumoral Ill-IV tras el analisis de la pieza quirdrgica. En
pacientes en los que se ha realizado una ileostomia de proteccién, el papel de la
guimioterapia adyuvante cobra protagonismo, ya que suele ser necesario retrasar el
cierre de la ileostomia hasta después de finalizar el tratamiento, pudiendo esto
condicionar un aumento en las complicaciones asociadas al cierre de ileostomia y la
aparicion de colitis por diversién (Sharma A, 2013; Bhalla A, 2015; Danielsen AK, 2017;
Glynne-Jones R, 2017; Dekker E, 2019; Keane C, 2019; Arredondo J, 2020).
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La primera ileostomia fue realizada por Baum en Alemania en 1879 (Hardy KJ,
1989), a partir de ese momento la ileostomia empezé a practicarse con mas frecuencia
sobre todo debido a la ausencia de colon en pacientes con colitis ulcerosa. En las
ultimas décadas, movido por los avances en la cirugia laparoscépica de recto y por las
graves consecuencias de la fuga de anastomosis, el papel de la IP ha cobrado especial
importancia. La IP en la cirugia del cancer de recto ha sido un tema muy debatido, sin
embargo, los estudios prospectivos randomizados que evaltan su utilidad son escasos
y los datos aportados en la literatura son contradictorios (Huser N, 2008; Warschkow
R, 2011; Sharma A, 2013; Matthiessen P, 2017; Farag S, 2017). En un estudio
prospectivo multicéntrico observacional, el “Working Group Colon/Rectum
Carcinoma” (WGCRC) demostrd que la incidencia de FA que requeria reintervencion
quirargica fue significativamente menor en pacientes portadores de una IP tras una
RAB frente a los pacientes sin IP (Marusch F, 2002). Metaanalisis recientes apoyan
estos resultados, demostrando que la IP disminuye la incidencia de FA y la tasa de
reintervenciones (Chen J, 2012; Tan WS, 2019; Qiu XY, 2021). A pesar de los beneficios
demostrados por la IP, su utilizacién sistemdtica no cuenta con una total aceptacion, ya
que el cierre de ileostomia representa una cirugia adicional, que requiere un ingreso
hospitalario y que no esta exenta de complicaciones y mortalidad (Sharma A, 2013).
Ademads ser portador de una IP representa para el paciente una serie de
complicaciones en su manejo diario y una clara disminucién de la calidad de vida hasta
gue se produce el cierre de la misma. Por todo ello parece indicado individualizar la
realizacion de una IP en funcién de las caracteristicas del paciente y de los factores de
riesgo de desarrollar una FA. Se recomienda la creaciéon de una IP tras una RAB en
tumores de localizacidn baja con anastomosis a menos de 5 cm del margen anal,
complicaciones durante la realizacién de la anastomosis, diseccién dificultosa del recto
en varones tras una ETM, pacientes que ha recibido tratamiento con

guimioradioterapia neoadyuvante, cirugia de urgencias, tiempo operatorio prolongado
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y pacientes con mala situaciéon basal (Glynne-Jones R, 2017; Keller DS, 2020;

Arredondo J, 2020; Qju XY, 2021).

Figura 5. lleostomia de proteccion en paciente intervenido de carcinoma colorrectal. Se
aprecia tetén prolapsado en regién caudal caracteristico del cabo proximal o asa
aferente y tetdn invaginado en region craneal caracteristico del cabo distal o asa
eferente. El asa aferente presenta debito intestinal y el asa eferente es por donde se

realiza la estimulacién preoperatoria.

Por otro lado, se ha demostrado que la creaciéon de un estoma temporal provoca
una disbacteriosis y una atrofia vellositaria en el segmento de colon excluido,
provocando un deterioro de la capacidad de absorcién y contraccién luminal, con
pérdida de contractilidad y motilidad (Williams L, 2007; Beamish EL, 2017). Williams
estudié los cambios intestinales producidos tras la creacidn de una ileostomia
derivativa en humanos, demostrando mediante un exhaustivo estudio histoldgico una

significativa pérdida de contractilidad de la capa muscular asi como una atrofia de las
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vellosidades intestinales (Williams L, 2007). Para evitar esta complicacién se han
propuesto dos lineas de actuacion; el cierre precoz de la ileostomia de proteccién, que
seria la mejor opcién, o en su defecto, un cierre tardio previa estimulacién del asa
eferente (Keane C, 2019). Existen multiples publicaciones sobre la estimulacién del asa
eferente previa al cierre del estoma. Todas presentan diferentes protocolos de
actuacién y diferentes sustancias administradas, desde liquido fecal autélogo a suero
fisioldgico con espesantes, pasando por acidos grasos de cadena corta, dieta liquida y

sacarosa (Harig JM, 1989; Rombey T, 2019).

La estimulacion del asa eferente previa a la reconstruccion del trénsito, la idea
nace tras plantear la hipétesis de que la aparicion de ileo postoperatorio se debe a los
cambios estructurales y funcionales que tienen lugar en el intestino desfuncionalizado,
como la atrofia muscular y vellositaria o la disminucién de la capacidad de absorcién
(Williams L, 2007; Abrisqueta J, 2014). Este intestino delgado distal y colon
funcionalmente no preparados para reestablecer el transito provoca una pardlisis
intestinal. Al respecto se han publicado varios articulos (Menéndez P, 2013; Garfinkle
R, 2017; Vazquez-Melero A, 2018; Fernandez Ldpez F, 2019), pero la primera revision
sistematica fue publicada por Rombey y col. (Rombey T, 2019), incluyendo 8 estudios
con un total de 267 pacientes. En ella, a pesar de los prometedores resultados
iniciales, no existen pruebas de calidad suficiente como para recomendar la
implementacién rutinaria de la estimulacién intestinal preoperatoria en la practica
clinica. Esto se debe a la heterogeneidad de los estudios. En su mayoria son estudios
con bajo poder estadistico y con resultados dificiles de comparar entre si, ya que
algunos comparan pacientes sometidos a proctocolectomia con anastomosis ileoanal
en J y otros pacientes con reseccidn anterior baja, sélo uno fue aleatorizado, tres eran
casos clinicos Unicos y habia diversidad en cuanto a la sustancia usadas durante la

estimulacion y duracién de la misma.

43



Figura 6. Estimulacion preoperatoria del asa eferente previa a la cirugia de
reconstruccién. Canalizamos mediante sonda de Foley de 14 Fr el extremo distal o asa

eferente, generalmente locaclizado en la region craneal.

Por todo lo anterior, decimos que la reconstruccién del transito intestinal no esta
exenta de morbilidad (Matthiessen P, 2017). Entorno al 18-40% presentardn
complicaciones tales como colitis por diversidn, obstruccion de intestino delgado,
infeccion de la herida quirlrgica, ileo postoperatorio, fuga anastomoética, fistula,
perforacién, absceso, hemorragia o eventracién (Sharma A, 2013; Bhalla A, 2015;
Keane C, 2019). De todas ellas, la complicacién mas frecuente sigue siendo el ileo
postoperatorio, con una incidencia 13-20% (Garfinkle R, 2019). Esto implica un
importante impacto socioecondmico, con afectacién de la calidad de vida del paciente
(mayor malestar, aumento del riesgo de infecciones nosocomiales y de morbilidad
asociada a la cirugia, y un aumento de la mortalidad postoperatoria), condicionando
todo ello una estancia hospitalaria prolongada y un mayor gasto sanitario (Danielsen

AK, 2017).
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1.2. Colitis por diversion

La colitis por diversion (CD) es la inflamacion producida en un segmento de colon
desfuncionalizado tras la realizaciéon de un estoma temporal (Szczepkowski M, 2017;
Sartor RB, 2017). Descrita por Glotzer et al. en 1981 (Glotzer DJ, 1981), se caracteriza
por una inflamaciéon crénica de la mucosa del intestino grueso que puede simular una
enfermedad inflamatoria intestinal (Basso PJ, 2018; Cohen LJ, 2019), con cambios
macroscopicos y microscopicos caracteristicos asociados a la disminucion de las
bacterias en el area desfuncionalizada. El 52% de los pacientes con CD presentan
formas leves, el 44% moderada y el 4% inflamacién severa. Su prevalencia oscila en
torno al 95-100%, con una incidencia anual cercana a 120000 pacientes/afio,
representando un problema clinico frecuente con un importante deterioro significativo

en la calidad de vida de los pacientes afectos (Kabir SI, 2014).

En cuanto a su patogénesis existen varias teorias. Se ha planteado su asociacion a
un sobrecrecimiento excesivo de bacterias, presencia de determinadas cepas
bacterianas, déficit nutricional, aumento de toxinas o la alteraciéon de la relacion
simbidtica entre bacterias luminales y la capa mucosa del colon (Kabir SI, 2014;
Szczepkowski M, 2017). Existen estudios que relacionan la reducciéon de las
concentraciones de carbohidratos fermentadores de bacterias anaerobias y bacterias
patdgenas en el colon excluido con un aumento de bacterias reductoras de nitratos
(Beamish EL, 2017). Estas estan involucradas en la produccién de éxido nitroso (NO),
gue en concentraciones altas es tdxico para la mucosa colénica, originando la colitis
por derivacidn. Otra teoria se apoya en la isquemia asociada al aumento de la
resistencia arteriolar provocada por disminucién de los acidos grasos de cadena corta
(Williams L, 2007; Szczepkowski M, 2017). También la disminucién de la capa de
mucina de colon excluido conlleva a la disminucion de la barrera entre la luz y la

submucosa, que se convierte en una capa delgada y anormal en condiciones
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inflamatorias. Finalmente se ha relacionado con metabolitos bacterianos como el
butilo, aumentando la respuesta inmunitaria e inflamatoria del huésped; sin embargo
el papel de la inmunidad en la patogenia de la colitis por derivacién no ha sido aun

investigado (Kabir SI, 2014; Szczepkowski M, 2017; Morgan DM, 2020).

La sintomatologia suele comenzar entre el primer mes y el tercer afio tras la
creacion de un estoma derivativo. Puede manifestarse como dolor abdominal o pélvico
(75%), descarga mucosa (40%), tenesmo (15%), y fiebre, distensién y sangrado rectal
en los casos mas graves (3%); aunque hasta un 30% de los pacientes pueden
permanecer asintomaticos. Los sintomas se resuelven tras la cirugia de reconstruccion
del transito intestinal, consiguiendo la restauracién completa de la arquitectura
coldnica entre los 3 y los 6 meses en la mayoria de los pacientes. Tras el cierre del
estoma derivativo, puede persistir sintomas como el estreiiimiento o la diarrea,
distensidon abdominal, dolor cdlico y dispepsia leve. Diversos estudios asocian estos
sintomas con la atrofia vellositaria, la disminucion de la motilidad y el adelgazamiento
de la muscularis del intestino excluido (Kim KH, 2011; Son DN, 2013; Kabir SI, 2014;
Szczepkowski M, 2017).

La colitis por diversion se diagnostica en base a la historia clinica, la sintomatologia
y los hallazgos endoscépicos e histolégicos. Los cambios macroscdpicos de la CD
pueden involucrar a segmentos aislados o al colon excluido por completo. Estos
hallazgos incluyen mucosa friable (90%), eritema (80%), edema (60%), estenosis (35%)
aparicién de pdlipos (20%) y ulceras (10%) (Kabir SI, 2014; Szczepkowski M, 2017). El
hallazgo microscopico mas caracteristico es la hiperplasia folicular linfoide, que suele
acompafarse de infiltracién de la [dmina propia por linfocitos, eosindfilos, aparicién de
células plasmaticas, desestructuracion de la arquitectura y aparicion de abscesos en las
criptas (Harig JM, 1989; Komorowski RA, 1990). Sin embargo, estas caracteristicas
histolégicas no son especificas y hasta la fecha no se han detectado hallazgos

patognomodnicos de CD; por lo que, para llegar al diagndstico, debemos de reunir
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tanto alteraciones macroscdpicas como microscdpicas en pacientes con antecedentes
de creacién de un estoma derivativo (Kabir SI, 2014; Szczepkowski M, 2017; Knox NC,

2019; Morgan DM, 2020).

Figura7. Cambios macroscdpicos asociados a colitis por diversién en pacientes

intervenidos de carcinoma colorrectal. Mediante colonoscopia se aprecia una mucosa
friable al roce, con importante edema y eritema. También podemos encontrar pdlipos,

estenosis inflamatoria y en estadios avanzados Ulceras.
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No existe abundante bibliografia sobre la colitis por diversion y su relaciéon con
la alteracion microbiota. En los dos ultimos afios se han publicados dos estudios sobre
el microbioma intestinal, Mishima (Mishima, 2020) y Knox (Knox NC, 2019); a los que
hay que sumar, por un lado la ultima revisidn sistematica publicada sobre la colitis por
diversion por Kabir y col. (Kabir, 2014) que revisa un total de 3305 articulos, incluyendo
finalmente 35 estudios, que analiza la fisiopatologia, presentacidn clinica y tratamiento
de la colitis por diversién que concluye que hay una gran variabilidad de formas de

presentacion y un Unico tratamiento definitivo que es la reconstruccion del transito.

El tratamiento definitivo de la CD es el restablecimiento del transito intestinal, que
restaura el flujo luminal, resolviendo de forma progresiva las lesiones asociadas al
proceso inflamatorio crénica (Kabir SI, 2014). Szczepkowski propuso una estrategia de
manejo de la CD basada en la clasificacién de la severidad segun hallazgos

endoscdpicos e histoldgicos (Szczepkowski M, 2017):

- Grupo 1: sin evidencia clinica, morfoldgica o endoscdpica de colitis por

diversion. Subsidiario de tratamiento conservador.

- Grupo 2: signos leves o moderados de CD. Candidatos a tratamiento

conservador de inicio y posteriormente tratamiento quirurgico.
- Grupo 3: CD severa. Candidatos a tratamiento quirurgico.

En aquellos pacientes no candidatos a cirugia de reconstruccidn del transito se han
estudiado diversos tratamientos farmacoldgicos con resultados variables, en su
mayoria basados en los estudios preeliminares de Harig (Harig JM, 1989), con un
tamafio muestral reducido y con limitaciones en la duracién del tratamiento vy
seguimiento. Se han probado irrigaciones con acidos grasos de cadena corta, fibra,
mesalazina y corticoides, bien como tratamiento alternativo o como tratamiento para
estimulacion del asa eferente previa a la cirugia (Guillemot F, 1991; Schauber J, 2000;

Pacheco RG, 2012; Martinez CA, 2013; Alvarenga V, 2014; Buanaim RP, 2019; Keane C,
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2019; Rombey T, 2019), Nuestro estudio es el primero en realizar la estimulaciéon con
probidticos a través del asa eferente de la IP para aprovechar los beneficios
antiinflamatorios y reforzar la barrera intestinal en el segmento de colon
desfuncionalizado, consiguiendo la reduccion de la CD y mejoria de la sintomatologia

asociada (Zhao-hua Shen, 2018).

Basandonos en estudios como el publicado por Morgan et al. (Morgan, 2020),
que demuestra el papel fundamental del microbioma intestinal en el desarrollo de la
colitis microscépica y la regresion de la inflamacion tras la reconstruccién del transito,
nos planteamos que la manipulacion microbiana mediante la estimulacion de
probidticos previa al cierre de la ileostomia de protecciéon permitiria normalizar la
funcién autoinmune alterada, restaurar la homeostasis y disminuir la inflamacidn de la
mucosa consiguiendo la disminucién o la desaparicion de los cambios macroscépicos y
microscopicos asociados a ésta. Esta hipdtesis inicial parece correlacionarse con los
resultados obtenidos, consiguiendo una marcada reduccién de los caracteristicos
hallazgos endoscépicos e histolégicos de la colitis por diversion en el GE, donde se
aprecia una significativa disminucion en el GE frente al GC tras la estimulacién del asa
eferente previa al cierre de la ileostomia de proteccién. Esta reduccién de los hallazgos
endoscdpicos e histolégicos, ya se habia buscado en estudios previos, en modelos
experimentales y estudios fase Ill, mediante la estimulacidon con diversas sustancias
como soluciones nutricionales, trasplante fecal, enemas de acidos grasos de cadena
corta (SCFA) como el butirato, acido 5 aminosalicilato (5-ASA), glucocorticoides,
sucralfato y N-acetilcisteina entre otros con diferentes resultados (Harig 1989;
Guillemot F, 1991; Schauber J, 2000; Williams L, 2007; Pacheco RG, 2012; Martinez CA,
2013; Alvarenga V, 2014; Kabir SI, 2014; Szczepkowski M, 2017; Beamish EL, 2017;
Kleinwort A, 2017; Buanaim RP, 2019). En su mayoria mostraron resultados

incosistentes, aunque parece existir una disminucién de la inflamacion de la mucosa
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intestinal, reduciendo las lesiones epiteliales y la infiltracion de neutréfilos de forma

generalizada.

Por otro lado, en ninguno de estos estudios se mencionan si estos pacientes o
animales de experimentaciéon presentan de forma concomitante elevacién de los
biomarcadores inflamatorios. Estas alteraciones serolégicas si han sido descritas y
estudiadas en patologias como la enfermedad inflamatoria intestinal, buscando la
correccion de estos parametros inflamatorios asociados a la disbiosis con resultados
también variables (Kabir SI, 2014; Williams L, 2007; Szczepkowski M, 2017). Por ello,
nuestros resultados son esperanzadores, ya que demuestran una reduccion de los
parametros inflamatorios previa a la reconstruccion del transito, por lo que puede ser
una alternativa para aquellos pacientes que no son candidatos al tratamiento

quirargico.

1.3. Probidticos

Los probidticos se definen como microorganismos vivos que administrados en la
dosis adecuada confieren un beneficio para la salud del huésped (Hill C, 2014; Biagioli
M, 2019). El término probiédtico fue introducido en 1953 por el aleman Werner Kollath
y significa “sustancia activa esencial para una vida sana” (Liu Y, 2018). Los probiéticos
se estan aplicando cada vez con una mayor frecuencia en la patologia gastrointestinal.
Son bacterias vivas no patdgenas como Lactobacillus, Bifidobacterium y Enterococcus,
gue presentan actividad antimicrobiana, inmunomoduladora y mejoran la barrera
intestinal (Rossi M, 2010; Beamish EL, 2017; Morgan DM, 2020). Estos y sus productos
metabdlicos se han propuesto como suplementos alimenticios para conseguir una
homeostasis intestinal mas saludable y también como tratamiento en patologias con

importante componente inflamatorio huésped (Corridoni D, 2012; Hill C, 2014).
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Los probidticos se han utilizado para mejorar los sintomas gastrointestinales desde
la antigliedad. Existen datos del consumo de leche fermentada en Oriente Medio
desde el 10000 a. de C. (Liu Y, 2018). Alrededor del afio 8000 a. de C., nédmadas
tibetanos que poblaban altitudes de mas de 4000 metros, mantuvieron buena salud a
pesar de la ausencia de frutas y verduras en su dieta por el consumo de leche
fermentada de yak y productos derivados de ésta (Guo X, 2014). Unos 250 ml de leche
fermentada de yak al dia podian proporcionarles mds de 200 mil millones de
lactobacillus, fundamentalmente L. fermentum y L.casei; con propiedades
antiinflamatorias y eliminacion de radicales libres (McFarland LV, 2015; Gasbarrini G,
2016). Existen también jeroglificos egipcios datados del afio 4000 a. de C. en los que se
consumia leche fermentada para mejorar la salud (Liu Y, 2018). Del mismo modo, en la
antigua Grecia y Roma, alrededor del afio 400 a. de C., existia un condimento llamado
garum, derivado del intestino del pescado, que era (y todavia es) fermentado durante
12-18 meses en vasijas de barro, consumiéndose a diario, con poderosas propiedades
antioxidantes e importante beneficio para la salud. Los turcos nédmadas usaban el
“yogurmak” para tratar la diarrea, los calambres y a piel quemada por el sol, como lo
demuestran escritos del siglo XI; y mas tarde, Gengis Kan, el gran conquistador
mongol, alimentaba a su ejército con “su yogur militar” que les infundia valentia en la

batalla (Fisberg M, 2015).

Pero no es hasta el siglo XX, cuando comienza la inquietud por estos
microorganismos y su interés por aislarlos y conocer verdaderamente sus efectos
beneficiosos (Liu Y, 2018). En 1905, Elie Metchnikoff, buscé la respuesta a la
longevidad de los bulgaros, relacionandola con el consumo excesivo de yogur
fermentado y desmostando posteriormente que se podia cultivar un bacilo a partir de
este yogur, que era idéntico al bacilo encontrado en sus heces llamado L. bulgaricus
Gasbarrini G, 2016). Al mismo tiempo, Henry Tissler en Paris, aislé un organismo con

forma de Y que llamé Bifidobacterium, capaz de neutralizar bacterias patdgenas in
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vitro. Todo ello contribuyd al inicio de la investigacién en la década de 1940 de las
bacterias patégenas y desarrollo de las terapias antimicrobianas; y posteriormente, en
1950, a la identificacidon de bacterias con propiedades probidticas que proporcionen
resistencia a la colonizacion por estos patégenos (McFarland LV, 2015; Liu Y, 2018). La
investigacion comenzé a centrarse en bacterias del género Lactobacillus y
Bifidobacterium en el combate de las enfermedades diarreicas, concluyendo que
pueden ayudar a prevenir y tratar infecciones virales, salmonelosis, shigelosis, célera y

facilitar la cicatrizacién en pacientes con ulcera péptica (Liu Y, 2018).

Durante los ultimos 40 afios se ha demostrado que los probidticos afectan al
sistema inmunoldgico, tanto in vivo como in vitro. Esta interaccidn esta relacionada
con los microorganismos intestinales, sus antigenos polisacaridos y los metabolitos
producidos por estas bacterias. Varias vias metabdlicas se han implicado en estos
mecanismos de accién: produccion y sefializaciéon de acidos grasos de cadena corta,
metabolismo del triptofano, activacion de los receptores de hidrocarburos, sefializacién
de nucledsidos en el intestino y la activacion de los receptores intestinales de
histamina entre otros (Liu Y, 2018). En estos mecanismos de accién se han basado
multiples estudios sobre el uso de probidticos y su efecto sobre la flora microbiota
aplicados a diferentes patologias como la diabetes mellitus, obesidad, enfermedad
inflamatoria intestinal, colitis e incluso alteraciones psicolégicas (Rajkumar H, 2014;
Kumar M, 2016; Zhang Y, 2016; Zhao-hua Shen, 2018; Baldassarre ME, 2018; Callaway
LK, 2019; Michima Y, 2020; Amoroso C, 2020). En ellos se evaluan in vitro e in vivo el
efecto modulador de la inflamacién dependiente de las cepas incluidas en los mismos,
con diferentes propiedades bioquimicas e inmunoldgicas (Marteau P, 2003). Estos
efectos bioldgicos estdn intimamente relacionados con el metabolismo microbiota y la
capacidad de colonizar el tracto gastrointestinal (Baldassarre ME, 2018). Los
probidticos interactian con la mucosa intestinal disminuyendo la produccion

molecular de sustancias proinflamatorias (Biagioli M, 2019). Actualmente los
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probidticos disponibles dirigidos a otras patologias con afectacidn inflamatoria ejercen
un efecto modulador de forma transitoria y limitada (Sartor RB, 2017; Basso PJ, 2018;

Cohen LJ, 2019).

El microbioma intestinal se compone de bacterias que residen en el intestino y
puede ser alterado por la dieta, el estilo de vida, la exposicidon a toxinas y el uso de
antibioticos. Existe relacién entre la enfermedad, la salud, la inmunidad sistémica y los
cambios en el microbioma. La mayoria de estas bacterias viven en la superficie de la
mucosa intestinal, adheridas a la superficie de las células epiteliales del intestino
formando un biofilm o capa bacteriana implicada en el metabolismo intestinal de los
nutrientes, permeabilidad y funcion del sistema inmunolégico (Zhao-hua Shen, 2018).
La evidencia publicada refuerza el papel de la microflora intestinal en patologias como
la colitis asociada a antibidticos, enteritis inducida por quimioterapia, enteritis por
radiacidon, sindrome de dificultad respiratoria del adulto, sindrome de intestino
irritable, colitis ulcerosa y eficacia de la inmunoterapia antitumoral entre otras

patologias (Hill C, 2014; Guarner F, 2017; Wilkins T, 2017).

Los probidticos promueven la secrecidon de factores antiinflamatorios, mejorando
la barrera de la mucosa intestinal y la funcién del sistema inmunoldgico, asi como
inhibir el crecimiento de bacterias dafiinas en el intestino. Los patégenos pueden
debilitar la barrera de la mucosa intestinal, dafiarla y debilitarla (Michima Y, 2020;
Amoroso C, 2020). Los probidticos pueden prevenir o reparar estos dafios. Los
principales mecanismos de accidon de los probidticos incluyen competir con estas
bacterias patdgenas por los receptores de adhesidon tisular y los nutrientes,
manteniendo el equilibrio de la flora microbiética intestinal normal, mejorando la
funcién barrera de la mucosa intestinal, promoviendo la inmunidad e interfiriendo con
la respuesta inflamatoria intestinal y la inhibicion de la apoptosis de las células
epiteliales (Zhang Y, 2016; Louis P, 2017). A pesar del aumento de datos, no existe

consenso ni directrices claras sobre el uso de probidticos, prebidticos o simbidticos, asi
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como su dosis y duracién del tratamiento. Sabemos que son seguros para bebés, nifos,
adultos y pacientes mayores, pero deben ser administrados con cuidado en
poblaciones con vulnerabilidad inmunolégica. Estan disponibles como suplemento
alimenticio y dietético, requeridos por la Agencia Espafiola de Seguridad Alimentaria y

Nutricion (Wilkins T, 2017).

Los probidticos contienen microorganismos, la mayoria de los cuales son bacterias
similares a las bacterias beneficiosas que se encuentran naturalmente en el intestino
humano (Beamish EL, 2017). Se ha descubierto que ejercen su efecto en todas las
capas del intestino, desde la serosa a la luminal, pasando por el epitelio, la [dmina
propia, la muscular y la submucosa; ejerciendo su efecto en el microbioma, la barrera
mucosa, células del epitelio, linfocitos y células plasmaticas de la [dmina propia,
elementos neurales y vasculares, motilidad del musculo liso y ganglios linfaticos
mesentéricos como comunicacion con el sistema inmunolégico sistémico (Guillemot F,
1991; Schauber J, 2000; Williams L, 2007; Pacheco RG, 2012). Los metabolitos locales y
sistémicos modulados por los probidticos son capaces de producir AGCC en el colon,
relacionados con la regulacién de moléculas antiinflamatorios y principal sustrato
energético (Guillemot F, 1991). Especificamente el acetato, el propionato y el butirato,
son producidos tanto por probidticos como por bacterias comensales como
Facecalibacterium prausnitizii, Eubacterium rectale, Eubacterium hallii y Ruminococcus
bromii (Louis P, 2017). La produccion de AGCC tiene lugar a través de la fermentacion,
principalmente de acetato y lactato. El butirato protege la integridad del epitelio
intestinal, promueve la respuesta inmune del intestino, inhibe el crecimiento de
células tumorales y protege la pared intestinal reduciendo la inflamacion. El acido
lactico producido por las cepas de Lactobacilos, y en menor medida por
Bifidobacterias, es un regulador negativo de mediadores proinflamatorios tales como
metaloproteasas, TNF alfa y monocitos, a la vez que inducen la expresion de

antinflamatorios como la IL-17, IL-22, IL-23 y EGR 2, aumentando las células CD4 y
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macréfagos en la [dmina propia del colon (Corridoni D, 2012; Biagioli M, 2019). Estos
efectos se deben a la capacidad de los probidticos de interactuar con la mucosa
intestinal disminuyendo la produccién molecular de sustancias proinflamatorias
(Szczepkowski M, 2017), y con ello disminuyendo la capacidad de migracion de células
inflamatorias a la lamina propia, tales como linfocitos, eosindfilos y células plasmaticas

(Guarner F, 2017; Lopes RCSO, 2018).

Las bacterias probidticas mas estudiadas pertenecen al género Bifidobacterium,
Lactobacillus y Saccharomyces spp. Estas disminuyen moléculas proinflamatorias y
aumentan moléculas que inhiben la inflamacién, protegiendo ademds contra el estrés
oxidativo en humanos y demostrando un papel importante sobre la disbiosis intestinal
(Rossi M, 2010; Beamish EL, 2017; Sartor RB, 2017). Actualmente la evidencia de la que
disponemos nos demuestra que los probidticos tienen un efecto positivo sobre sobre
la inflamacion sistémica y oxidativa, sobre todo a nivel gastrointestinal. L. acidophilus,
uno de los probidticos administrados durante nuestra estimulacién, he demostrado su
papel en la regulacién inflamatoria en multiples estudios experimentales (Rossi M,
2010; Yang YJ, 2012; Borthakur A, 2013; Stenman LK, 2014; Li H, 2016; Biagioli M,
2017, Hod K, 2017, Hajifaraji M, 2018; Tenorio-Jiménez C, 2019; Buanaim RP, 2019). Un
ensayo clinico controlado aleatorizado realizado por Jafarnejad et al. (Jafarnejad S,
2016). Describe el efecto de la suplementacion con probidticos, en este caso, con VSL3,
compuesto probiético similar al administrado en nuestro estudio, durante 8 semanas,
sobre el estado glucémico y los marcadores inflamatorios entre mujeres embarazadas.
Los suplementos probidticos contenian ocho cepas de bacterias del acido lactico
(S.thermophilus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium
infantis, L.acidophilus, L.plantarum, L.paracasei y L. delbrueckii subsp. Bulgaricus).
Encontraron una disminucidn estadisticamente significativa en los niveles de TNF alpha
y PCR en el grupo de los probidticos en comparacion con el placebo. Resultados

superponibles a otros estudios (Hajifaraji M, 2018). Otro ensayo clinico publicado
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posteriormente, donde se evalua la eficacia de los probiéticos VSL3 administrados
durante 8 semanas en 24 pacientes con Sindrome de Intestino Irritable, encontrando
una mejora significativa de la sintomatologia, pero sin diferencias significativas entre

los grupos (Michail S, 2019).

Ademas del efecto de los probidticos sobre los procesos inflamatorios, existe
evidencia de su efecto sobre el dolor abdominal. Un metaanalisis con 23 ensayos
clinicos en los que participaban nifios y adultos demostré que los probidticos
mejoraban de forma significativa los sintomas globales, la hinchazén vy la flatulencia en
comparacion con el grupo placebo (Ford AC, 2014). Y otro metaanalisis con 21 ensayos
clinico encontré en el sindrome de intestino irritable una mejoria significativa de los
sintomas y la calidad de vida en comparacion con el grupo placebo (Zhang Y, 2016).
Pero aunque se han investigado los efectos de los probidticos in vitro, en modelo
animal y humano, todavia hoy se sabe poco sobre la interaccion exacta entre la
suplementacién probidtica y los cambios en la microbiota intestinal, asi como su efecto
sobre las transformaciones neoplasicas de la mucosa gastrointestinal. Por ello la
mayoria de autores concluyen que los probidticos y sus efectos suponen un reto

cientifico y un camino aun por descubrir (Wilkins T, 2017).

Basandonos en los cambios endoscdpicos e histoldgicos asociados a la distorsién
producida en el segmento de colon obstruido, nos planteamos que la repoblacién de
estas bacterias podria disminuir o resolver la colitis por diversidn, y por consiguiente,
la sintomatologia asociada y la disminucién en la calidad de vida de estos pacientes.
Pudiendo ser, de confirmarse nuestra hipdtesis, una alternativa para aquellos
pacientes que por morbilidad o negativa, no son candidatos a cirugia de reconstruccién
del transito. En este sentido, esta tesis doctoral, en convergencia con el proyecto de
investigacidn, tiene como objetivo analizar la eficacia y seguridad de la estimulacién

del asa eferente con probidticos previa al cierre de la ileostomia de proteccién en
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pacientes intervenidos de carcinoma colorrectal y los cambios histoldgicos,

endoscépicos y seroldgicos en pacientes con colitis por diversién.

57



58



Hipodtesis y objetivos
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2.1. Hipétesis

La hipdtesis principal de nuestro trabajo es que la estimulacidn preoperatoria del
intestino con probidticos a través del asa eferente de la ileostomia en pacientes

intervenidos de carcinoma colorrectal disminuye la colitis por diversién.
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2.2. Objetivo general

Evaluar el efecto de los probidticos sobre la colitis por diversién o colitis por
derivacion tras la estimulacion del asa eferente de la ileostomia de proteccidén en
pacientes intervenidos de carcinoma colorrectal previo a la cirugia de reconstruccion

del transito intestinal.

2.3. Objetivos especificos

- Evaluar la eficacia y seguridad de la estimulacion del asa eferente con probidticos
previa al cierre de la ileostomia de proteccion en pacientes intervenidos de carcinoma

colorrectal

- Evaluar los cambios macroscépicos y microscépicos asociados a la estimulacion del
asa eferente de la ileostomia de proteccidn con probidticos, valorando las alteraciones
endoscdpicas e histoldgicas asociadas a la colitis por diversién y su disminucion o

desaparicion en el grupo estimulados con probiéticos frente al grupo control

- Evaluar el efecto de la estimulacidon con probidticos sobre el grado de colitis por

diversidn histoldgico y endoscépico

- Evaluar la persistencia de la clinica de colitis por diversidon tras la cirugia de

reconstruccién del transito, al mes y durante el seguimiento a corto plazo

- Evaluar los efectos de la estimulacidn con probidticos sobre la emision de gas y heces
tanto en la fase prequirurgica como postquirirgica y durante el seguimiento a corto

plazo.

- Evaluar la incidencia de ileo paralitico postoperatorio, inicio de la tolerancia oral,
presencia de deposiciones y emision de gas, restablecimiento del transito intestinal,
complicaciones postquirurgicas y estancia hospitalaria entre pacientes estimulados con

probidticos y pacientes del grupo control
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- Evaluar los cambios seroldgicos asociados a la estimulacidon del asa eferente de la
ileostomia de proteccién con probidticos, evaluando la correlacidn entre colitis por
diversion, histoldégica y endoscopica, y la alteracién de los biomarcadores

proinflamatorios en sangre.
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Metodologia de investigacion
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3.1. Diseino del estudio

Disefiamos un estudio experimental, prospectivo, aleatorizado, multicéntrico,
doble ciego, comparando dos grupos de pacientes intervenidos de carcinoma
colorrectal libres de enfermedad y portadores de ileostomia de proteccién. Un grupo
de intervencion formado por pacientes sometidos a estimulacién del asa eferente con
probidticos previo a la cirugia de reconstruccidon del transito, y un grupo control

sometidos a estimulacidn sin administrar ninguna sustancia.

3.2. Seleccidn de pacientes

Entre enero 2017 y diciembre de 2018, se evaluaron de forma consecutiva
todos los pacientes de los centros participantes incluidos en lista de espera quirurgica
para cierre de estoma temporal tras carcinoma colorrectal (codificados segtin CIE-10),
para determinar su inclusion en el estudio. En el Anexo 7 podemos ver el Diagrama de

flujo de seleccién de pacientes del estudio.

Los criterios de inclusién fueron: tener mas de 18 afios, ser portadores de
ileostomia de proteccidn tras intervencidn de carcinoma colorrectal libre de
enfermedad, con confirmacién endoscdpica e histoldgica de colitis por diversiéon y
firma del consentimiento informado. Como criterios de exclusion: ser menor de 18
anos, historia clinica y confirmacién histoldgica de enfermedad inflamatoria intestinal

con afectacidn colorrectal y negativa a participar en el estudio.

Los criterios de abandono: pérdida durante el seguimiento, exitus y dehiscencia

de anastomosis tras cirugia de reconstruccidn del transito.
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3.3. Tamaio muestral

El tamafio muestral se calculd de acuerdo con la incidencia de colitis por
diversion publicada en revisiones sistemdticas, buscando una supuesta reduccién del
50% (100-50%). Con un ajuste de pérdida del 15%, fue necesario tener 30 pacientes
por grupo. Reclutamos 34 pacientes en el grupo estimulado y 35 pacientes en el grupo

control para un nivel estadistico del 95% y una potencia de 0,8.

3.4. Examen endoscapico, histoldgico y determinacion seroldgica

Se realizdé una colonoscopia con toma de biopsias para estudio histolégico a
todos los pacientes candidatos a participar para excluir aquellos que no tuvieran colitis
por derivacion y establecer el grado de la misma. Las endoscopias fueron realizadas
Unicamente por tres especialistas con un colonoscopio estandar serie Silver Scope de
Storz®. Los hallazgos endoscdpicos fueron cuantificados segun el sistema de
puntuacion de Harig (Harig JM, 1989), valorando la aparicion de mucosa friable,
edema, eritema, presencia de pdlipos, Ulceras y estenosis. Estos hallazgos fueron
puntuados en una escala de 0 a 1 o de 0 a 3, obteniendo el grado de colitis mediante
su suma. El grado de colitis por diversién fue establecido desde ausencia a leve,
moderado o severo. La colonoscopia con toma de biopsias se repitido tras la

estimulacion y a los 3 meses de la reconstruccidn del transito.

El estudio anatomopatolégico se realizd con las biopsias obtenidas mediante
colonoscopia. La evaluacién de las muestras fue realizada Unicamente por tres
anatomopatdlogos. Del mismo modo que en la endoscopia se diagnostico la colitis por
diversién valorando la aparicion de hiperplasia folicular linfoide, infiltracion de la
[dmina propia por linfocitos, eosindfilos, células plasmaticas, desestructuracion de la
arquitectura y abscesos en las criptas. Estos hallazgos fueron puntuados en una escala

de 0 a1l o de 0 a 3, obteniendo el grado de colitis mediante su suma. El grado
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histoldgico de colitis por diversion fue establecido desde ausencia a leve, moderado o
severo. El estudio anatomopatoldgico se repitié tras la estimulacién y a los 3 meses de

la reconstruccidn del transito.

Se realizd extraccidn sanguinea tras firma del consentimiento informado del
estudio. Se determind PCR y albumina sérica basales para establecer el mGPS segun
tablal. Como apoyo para establecer el IRB se realizé un recuento de glébulos blancos y
determinacién de transferrina en un recuento sanguineo de rutina en el laboratorio de
cada hospital, estableciendo los valores de corte en funcién de curvas ROC. Estas
determinaciones se volvieron a realizar tras completar la fase de estimulacién, de
forma preoperatoria, y posteriormente al finalizar la fase de seguimiento a los 3 meses
de la cirugia, correlacionando los valores pre y postoperatorios con las alteraciones

endoscdpicas e histoldgicas y persistencia o no de colitis por derivacién.

3.5. Aleatorizacion e intervencion

Se realizd una colonoscopia con toma de biopsias para estudio histolégico a
todos los pacientes candidatos a participar en el estudio. Tras confirmar el diagndstico,
grado de colitis (basado en el sistema de puntuacién de Harig), determinacion de
biomarcadores séricos y excluir los pacientes que no cumplian criterios, se realizd la
aleatorizacion. Los pacientes fueron asignados al azar mediante el uso de una
secuencia generada mediante computadora (software estadistico EPIDAT version 4.2.
Conselleria de Sanidade, Xunta de Galicia, Espafia; Organizacién Panamericana de la

Salud (OPS-OMS); Universidad CES, Colombia) estableciendo 2 grupos:

e Grupo estimulacion (GE): se realizd la estimulacion preoperatoria del asa

eferente con probidticos durante los 20 dias previos a la intervencién
quirurgica en dias alternos. Durante el proceso y tras el mismo el propio

paciente registra la aparicién de sintomas tras cada sesidon de estimulacién:
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dolor abdominal, emisién de gas y heces. Se introdujo a través del cabo
desfuncionalizado una sonda estéril de Foley de 14 Ch conectado a un sistema
de suero para permitir la infusién lenta, durante 20-30 minutos, de una
solucion con 4.5mg de probidticos diluidos en 250ml de suero fisioldgico 0.9%
(Figura 2). Cada preparado se realiza en condiciones de esterilidad vy
manteniendo la cadena de frio. Vivomixx®, comercializado por MENDES, S.A,,
contiene 450 millones de bacterias vivas liofilizadas en cada preparacion,

incluyendo:

o Cuatro cadenas de Lactobacillus:

Lactobacillus acidophilus DSM 24735®

Lactobacillus plantarum DSM 24730°®

Lactobacillus paracasei DSM 24733®

Lactobacillus delbrueckii subsp. bulgaricus DSM 24734®
o Tres cadenas de Bifidobacterium:

= Bifidobacterium breve DSM 24732°®
» Bifidobacterium longum DSM 24736®
= Bifidobacterium infantis DSM 24737®

o Una cadena de Streptococcus

» Streptococcus thermophilus DSM 24731°®

e Grupo control (GC): se realizé exactamente el mismo procedimiento, pero con

el sistema de suero cerrado. Durante el proceso y tras el mismo el propio
paciente registra la aparicién de sintomas tras cada sesion de estimulacién:

dolor abdominal, emision de gas y heces.

Tras completar las 10 sesiones de estimulacion, 24 horas antes de la cirugia, se
realizd6 nueva colonoscopia diagndstica con toma de muestras para Anatomia

Patoldgica a todos los pacientes, volviendo a cuantificar el grado de colitis por
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diversion endoscoépico e histolégico. Del mismo modo se procedid a la extraccion de

sangre para determinar los biomarcadores séricos.

3.6. Cirugia y seguimiento

Todos los pacientes ingresan el dia previo a la intervencién quirurgica,
permaneciendo en ayunas, administrando profilaxis antitrombética (enoxaparina
40mg subcutanea) y premedicacién segun instrucciones de la hoja de preanestesia. La
reconstruccién del transito se llevd a cabo por tres cirujanos expertos de las Unidades
de Cirugia Colorrectal. Se realizd el cierre de la ileostomia de proteccidn mediante
abordaje abierto por laparotomia lateral periileostomia. La anastomosis fue latero-
lateral manual o mecdnica segun la decision personal de cada cirujano, asi mismo cada
cirujano podia decidir cambiar la via de abordaje a laparotomia media. Las
complicaciones o eventos registrados durante la cirugia se recogieron en el protocolo
de la intervencidn quirdrgica. La anestesia fue general en todos los pacientes y tras la
extubacion y estabilizaciéon en la sala de reanimacién postquirdrgica fueron

directamente a la planta de hospitalizacidn.

El seguimiento durante la hospitalizacidon fue realizado por el equipo de la
Unidad de Cirugia Colorrectal de cada centro, registrando cualquier complicacion
postoperatoria; con especial vigilancia del dolor abdominal, inicio de expulsidn de gas y
heces, control y cuantificacion de los mismos, inicio de la tolerancia oral, aparicion de
ileo paralitico y necesidad de colocacidon de sonda nasogastrica (SNG). Se procedié al
alta domiciliaria tras restablecimiento del transito intestinal, tolerancia oral adecuada y
control de las deposiciones, registrando los dias de estancia hospitalaria.

Se realizé una revision en consultas externas de Cirugia Colorrectal tras el
primer mes de la cirugia y posteriormente a los 3 meses. Dichas revisiones fueron
realizadas por el cirujano colorrectal que intervino a cada paciente. Se registrd

cualquier sintomatologia relacionada con la intervencién, con especial vigilancia a la
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clinica relacionada con la colitis por diversiéon; dolor abdominal, nimero de
deposiciones, descarga mucosa, tenesmo y rectorragia. Tras completar los 3 meses de
seguimiento se realizé nueva colonoscopia de control con toma de muestras para
estudio histoldgico, volviendo a cuantificar la presencia y grado de colitis por diversion
endoscdpico e histoldgico si la hubiese. Del mismo modo se procedid a la extraccién de

sangre para determinar los biomarcadores séricos.

3.7. Enmascaramiento

Para asegurar el enmascaramiento de los pacientes, a todos se les realizara el
mismo procedimiento diagndstico. Posteriormente, durante las sesiones de
estimulacion, tanto la solucién con probidticos como el sistema de suero estaran
envueltos por un envoltorio protector opaco que impedird visualizar las caracteristicas
de color y transparencia de su contenido y la apertura o cierre del sistema de suero.
Las sesiones de estimulacion fueron realizadas a puerta cerrada por un Unico cirujano
que ademas era el encargado de preparar la dilucion.

Tanto el endoscopista, como el anatomopatdlogo, como el especialista en
analisis clinicos, como los cirujanos que interactuaron con los pacientes desconocian si

habian recibido probidticos o no.

3.8. Criterios de valoracion

El criterio de valoracién principal fue el efecto causado por la estimulacién del
asa eferente con probidticos sobre la persistencia y el grado de colitis por diversién,
endoscdpico e histolégico, al compararlo con el grupo control tras la estimulacién, tras
la intervencién quirdrgica, al mes y durante el seguimiento a corto plazo. Asi como la
correlacién de la severidad endoscépica e histolégica con la apariciéon de clinica

derivada por la colitis por diversion y la disminucion o desaparicidén de la misma en un

72



primer tiempo tras la estimulacidon con probidticos, y en un segundo tiempo, en el

seguimiento a corto plazo tras la reconstruccion del transito.
Los criterios de valoracion secundarios fueron:

- El efecto causado por la estimulacion del asa eferente con probiéticos sobre la
aparicion de ileo paralitico postoperatorio, necesidad de sonda nasogastrica,
tiempo en tolerancia oral, reestablecimiento del transito intestinal y estancia
hospitalaria al compararlos con el grupo tras la intervencién quirdrgica. Se
defini6 el ileo postoperatorio como la disfuncién gastrointestinal
postoperatoria medida mediante la escala validada I-FEED (incapacidad de
tolerar la ingesta oral o la interrupcidon de la misma con una duracién igual o
superior a 72 horas, ruidos intestinales ausentes y distension abdominal o

necesidad de colocar una sonda nasogdstrica).

- La estancia hospitalaria medida como dias de ingreso y la apariciéon de ileo
postoperatorio durante la cirugia colorrectal con creacién de la ileostomia
derivativa previa medido mediante las evoluciones registradas durante la

primera cirugia, aplicando igualmente mediante la escala I-FEED.

- La relacién entre la colitis por diversién y la elevacion de biomarcadores
proinflamatorios séricos y su modificacion tras estimulacion del asa eferente
con probidticos previa al cierre de la ileostomia de protecciéon en pacientes
intervenidos de carcinoma colorrectal, al comparar con el grupo control, los
niveles basales, tras la estimulacidn y a corto plazo, al tercer de mes de
seguimiento. También se valoré la correlacidon entre el grado de la colitis por
diversién, endoscopico e histolégico, y la alteracién de los biomarcadores

proinflamatorios en sangre.

73



3.9. Analisis estadistico

Se realizé un analisis descriptivo univariante de las variables sociodemograficas
y clinicas. Para la comprobacion de la normalidad de las variables cuantitativas se
utilizé la prueba de Kolmogorov-Smirnov. Para describir las variables cuantitativas se
usé la media y desviacidn tipica y la mediana y el rango intercuartilico para aquellas
variables que no siguieron una distribucién normal. Para las variables cualitativas
utilizamos frecuencias y porcentajes. Posteriormente, para comprobar los objetivos
principales, se realizd un andlisis bivariado. Se utiliz6 una prueba de contraste de
proporciones basada en el test de Chi-cuadrado con el fin de determinar si la
estimulacion del asa eferente con probidticos previa al cierre de la ileostomia de
proteccion disminuye el grado de colitis por diversion, sus hallazgos macro y
microscopicos, asi como su relacién con la apariciéon de clinica derivada por la colitis
por diversién. Para cuantificar su nivel de asociacion se calculé el coeficiente Phiy V de

Cramer.

Con el fin de determinar si la estimulacidon del asa eferente con probidticos
previa al cierre de la ileostomia de proteccion disminuye el ileo postoperatorio, asi
como la necesidad de SNG, el tiempo que tarda en tolerar la alimentacién oral,
restablecimiento del transito intestinal y la posible disminucién de tiempo de estancia
hospitalaria, se utilizé una prueba de contrate de proporciones basada en el test de
Chi-cuadrado. Para la correlacion de variables cuantitativas se utilizd el Spearman’s

rank correlation coefficient.

La precisidon de cada biomarcador seroldgico fue evaluada mediante curvas ROC
(Receiver Operating Characteristic) para determinar el punto de corte éptimo de NLR,
PLR y LMR. Las comparaciones entre los grupos en cuanto a tasas de respuesta, niveles
de PCR y parametros bioquimicos, se realizaron utilizando la prueba exacta de Fisher o
la prueba de chi-cuadrado para las variables categéricas y la prueba de Mann-Whitney

para las que no tienen distribucién normal. Las comparaciones dentro de cada grupo
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para valorar modificaciéon del grado de severidad histolégico y endoscépico, PCR y

parametros bioquimicos se analizaron usando Wilcoxon y prueba t pareada.

En todos los casos se requirid una significacion estadistica del 5%. El analisis
estadistico se realizé mediante el programa estadistico SPSS version 24.0, con el apoyo

de complementos de cdlculo proporcionado por el programa Microsoft Excel o R.

3.10. Aspectos éticos

El proyecto fue aprobado por el Comité Coordinador de Etica de la
Investigacidon Biomédica de Andalucia, Espafia, y registrado con el nimero de Proyecto
2017/331191354 (Anexo 1). Se solicité el consentimiento informado por escrito a
participar en el estudio, dandole detalles tanto de los objetivos del estudio como de la
metodologia a seguir (Anexo 2). Los datos se guardaron de forma andnima

manteniendo la confidencialidad y anonimato de los participantes.
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4.1. Postoperative ileus after stimulation with probiotics before ileostomy closure

El estudio que se presenta a continuacion ha sido publicado con la siguiente
referencia: Rodriguez-Padilla A, Morales-Martin G, Pérez-Quintero R, Gémez-Salgado J,
Balongo-Garcia R, Ruiz-Frutos C. Postoperative lleus after Stimulation with Probiotics
before lleostomy Closure. Nutrients. 2021 Feb 15; 13(2):626. doi:
10.3390/nu13020626.
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4.1.1. Abstract

Loop ileostomy closure after colorectal surgery is often associated with
Postoperative ileus, with an incidence between 13—20%. The aim of this study is to
evaluate the efficacy and safety of preoperative stimulation of the efferent loop with
probiotics prior to ileostomy closure in patients operated on for colorectal carcinoma.
For this, a prospective, randomized, double-blind, controlled study is designed. All
patients who underwent surgery for colorectal carcinoma with loop ileostomy were
included. Randomized and divided into two groups, 34 cases and 35 controls were
included in the study. Postoperative ileus, the need for nasogastric tube insertion, the
time required to begin tolerating a diet, restoration of bowel function, and duration of
hospital stay were evaluated. The incidence of Postoperative ileus was similar in both
groups, 9/34 patients stimulated with probiotics and 10/35 in the control group (CG)
with a p = 0.192. The comparative analysis showed a direct relationship between
Postoperative ileus after oncological surgery and Postoperative ileus after
reconstruction surgery, independently of stimulation. Postoperative ileus after closure
ileostomy is independent of stimulation of the ileostomy with probiotics through the
efferent loop. There seem to be a relationship between Postoperative ileus after
reconstruction and the previous existence of Postoperative ileus after colorectal

cancer surgery.

Keywords: probiotics; postoperative ileus; efferent loop stimulation; ileostomy

closure; protective ileostomy
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4.1.2. Introduction

The performance of a temporary ileostomy in patients operated on for
colorectal carcinoma, by means of an anterior resection with total mesorectal excision,
reduces the morbidity associated with anastomotic leak [1]. However, reconstructive
surgery is not risk-free. The incidence of complications following ileostomy closure,
such as diversion colitis, small bowel obstruction, surgical wound infections,
postoperative ileus, anastomotic leak, fistula, perforation, abscess, bleeding, or hernia
[2,3], ranges from 18% to 40%. The most common complication is postoperative ileus,
with an incidence of 13%-20% [4]. As a result, this can lead to a significant
socioeconomic impact, the worsening of a patients’ quality of life due to greater
discomfort, increased risk of nosocomial infections and morbidity associated with
surgery, and an increase in postoperative mortality; all of this conditioning a prolonged

hospital stay and higher healthcare costs [5].

On the other hand, previous studies have shown that the colon
defunctionalization produces dysbacteriosis and atrophy of its villi and muscular layers
in the excluded colon segment, as well as a loss of segmentary contractility that could
produce a reduction in the ability for absorption [6,7]. To avoid this, two lines of
studies have been proposed; early closure of the loop ileostomy, which would be the
best option [8], or late closure after stimulation of the efferent loop. There are many
publications on stimulation of the efferent loop prior to stoma closure. Different
protocols exist, with different substances administered, from autologous fecal fluid to
physiological serum with thickeners, passing through short-chain fatty acids, liquid

diet, and sucrose [9].

Based on the need to return the excluded intestine to its function, pre-enabling
it before surgery reconstruction, and demonstrated bacterial dysbiosis, we decided to
administer probiotics through the efferent loop. Probiotics are increasingly being

applied in gastrointestinal pathology. They are non-pathogenic live bacteria, such as
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Lactobacillus, Bifidobacterium, and Enterococcus, which present antimicrobial and
immunomodulatory activity and improve the intestinal barrier. Supplied in adequate

amounts, they promote health benefits on the host [10].

4.1.3. Materials and methods

Study Design

We conducted a prospective, randomized, multicenter, double-blind
experimental study, comparing two groups of patients operated on for colorectal
carcinoma with loop ileostomy. One group included patients treated with stimulation
of the efferent loop with probiotics prior to transit reconstruction surgery; the other

control group was stimulated without giving any substance.

Simple Size

The sample size was calculated according to the incidence of postoperative
complications (Pl) obtained after ileostomy closure published in a recent systematic
review. The assumed reduction in Pl was 50% (20%—10%). With a loss adjustment of
15%, it was necessary to have 30 patients per group. We recruited 34 patients in the
stimulated group and 35 patients in the control group for a statistical level of 95% and

a power of 0.8.

Selection of Patients

Between January 2017 and December 2018, all the patients from the three
participating centers included in the surgical waiting list for temporary stoma closure
after colorectal carcinoma were consecutively evaluated to determine their inclusion

in the study. The selection flowchart of the study patients can be seen in Figure 1.
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Figure 1. Study flowchart. CRC: Colorectal Cancer. *: excluded patients with an anastomotic leak.




The inclusion criteria were being over 18 years of age, having protective
ileostomy after colorectal carcinoma surgery free of disease, with endoscopic and

histological confirmation of diversion colitis, and having signed the informed consent.

The exclusion criteria were being under 18 years of age, clinical history, and
histological confirmation of inflammatory bowel disease with colorectal involvement
and refusal to participate in the study. Abandonment criteria were loss during follow-

up, exitus, and anastomotic dehiscence after reconstruction surgery.

Randomisation and Intervention

A colonoscopy including biopsies for histological study, was performed on all
patients selected to participate in the study. After confirming the diagnosis, level of
colitis (based on the Harig scoring system), and excluding patients who did not meet
the selection criteria, randomisation was performed. Randomisation was performed by

using a computer-generated sequence (Statistical software EPIDAT 4.1) into 2 groups:

e Stimulation group (SG): preoperative stimulation of the distal limb of the
ileostomy loop with probiotics was performed during the 20 days prior to
surgery every second day. During the process and after it, the patient registers
the appearance of symptoms after each stimulation session: abdominal pain,
emission of gas, and stool. A sterile Foley catheter No.14 Ch connected to an
infusion set was introduced through the de-functioned bowel to allow the slow
infusion of a solution with 4.5 mg of probiotics diluted in 250 ml of 0.9%
physiological saline for 20-30 min. Each preparation was made under sterile
conditions and maintaining the cold chain. Vivomixx® lyophilised live bacteria,
marketed by MENDES, S.A, contained 4.5 x 10 11 of live bacteria in each

preparation:
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° Four strains of Lactobacillus:

Lactobacillus acidophilus DSM 24735®

Lactobacillus plantarum DSM 24730®

Lactobacillus paracasei DSM 24733°®

Lactobacillus delbrueckii subsp. bulgaricus DSM 24734®
° Three strains of Bifidobacterium:

Bifidobacterium breve DSM 24732°

Bifidobacterium longum DSM 24736°®

Bifidobacterium infantis DSM 24737°®
o One strain of Streptococcus

Streptococcus thermophilus DSM 24731°®

e Control group (CG): exactly the same procedure was carried
out, but with the infusion set closed. During the process

and after it, the patient himself registers the appearance of
symptoms after each stimulation session: abdominal pain,

emission of gas, and stool.

After ten stimulation sessions, 24 h before surgery, a colonoscopy with biopsy
was performed on all patients, re-quantifying the nendoscopic and histological index of

severity of diversion colitis.
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Surgery and Follow-up

All patients were admitted to the hospital the day before surgery, fasting,
receiving antithrombotic prophylaxis (enoxaparin 40 mg subcutaneous), and
premedication according to the pre-anesthesia instruction sheet. The reconstruction
surgery was carried out by three expert surgeons from the Colorectal Surgery
department. A parastomal incision was made and carried out sharply into the
peritoneal cavity. The anastomosis was lateral-lateral, either manual or mechanical,
according to the decision of the surgeon. Every surgeon was allowed to decide as to
whether to change to a median laparotomy procedure. Complications or events that
happened during surgery were recorded in the surgical procedure protocol. General
anesthesia was given to all patients and, after extubation and stabilization in the

postoperative resuscitation room, they went directly to the hospitalization ward.

Follow-up during hospitalization was carried out by the team of the Colorectal
Surgery department of each center, recording any postoperative complications, with
special vigilance of abdominal pain, the passage of flatus or stool with correct
guantification and initiation of oral tolerance, postoperative ileus, and the need of
nasogastric tube insertion. Patients were discharged from the hospital after re-
establishing intestinal transit, adequate oral tolerance, and stool control, and

recording the length of stay in the hospital.

Masking

To ensure masking of the patients, all underwent the same diagnostic
procedure. During the stimulation sessions, both the solution with probiotics and the
serum system was covered by an opaque protective envelope, which prevented

observing the color and transparency of the fluid, or whether the system was open or
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closed. The stimulation sessions were performed by a single surgeon, who was also in

charge of preparing the dilution.
The endoscopist, the pathologist, and the surgeon who performed the surgical

intervention and the follow-up, as well as surgeons who participated, after the surgery,
in the hospitalization process, did not know whether the patient had received

probiotics or not.

Assessment Criteria

The main endpoint was the effect caused by stimulation of the efferent loop
with probiotics on the appearance of postoperative ileus, the need for nasogastric
tube insertion, the time required to begin tolerating a diet, restoration of bowel
function, and the duration of hospital stay when compared with CG after surgery.
Postoperative ileus was defined as impaired gastrointestinal motility leading to a
delayed return of bowel function, measured using the validated |-FEED scale
(intolerance to oral intake or interruption of oral diet for more than 72 hours, absence

of bowel sounds, abdominal distention, or need for inserting a nasogastric tube).

Secondary evaluation criteria were the duration of hospital stay, measured as
days of admission, and the appearance of postoperative ileus after colorectal surgery
with a protective ileostomy, measured by the evolutions recorded during the first

surgery, also applying the I-FEED scale[11,12].

Statistical Analysis

A descriptive univariate analysis of sociodemographic and clinical variables was
performed. The Kolmogorov-Smirnov test was used to verify the normality of the

guantitative variables. To describe the quantitative variables, the mean and standard
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deviation were used, and the median and interquartile range for those variables that
did not follow a normal distribution. For qualitative variables, frequencies and
percentages were used. Afterward, to verify the main objectives, a bivariate analysis
was performed. A contrast test of proportions based on the Chi-square test was used
in order to determine whether stimulation of the efferent loop with probiotics prior to
the closure of the protective ileostomy reduces the appearance of postoperative ileus,
the need for nasogastric tube insertion, the time required to begin tolerating a diet,
restoration of bowel function and the possibility of reducing the duration of hospital
stay. For the correlation of quantitative variables, Spearman’s rank correlation

coefficient was used.

In all cases, a statistical significance of 5% was required. Statistical analyses
were performed using the statistical program SPSS version 24.0 (IBM: Armonk, NY,
USA), with the support of calculation tools provided by the software Microsoft Excel or

R (Microsoft: Redmond, WA, USA).

Ethical Aspects

The project was performed with the consent of the Ethics Coordinating
Committee for Biomedical Research of Andalusia, Spain, and registered with the
project number 2017/331191354. Written informed consent was requested to
participate in the study, giving details of both the study objectives and the
methodology to be followed. The data was kept anonymous, maintaining the
confidentiality and anonymity of the participants. The study was conducted under the
“Ethical Principles for Medical Research Involving Humans”; contained in the latest
version of the Helsinki Declaration (Fortress Amendment, Brazil, October 2013). The
CONSORT Statement criteria for the design of clinical trial were followed (standard trial

methodology).
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4.1.4. Results

Study Population

Between January 2017 and December 2018, 83 disease-free patients with
protective ileostomy after colorectal carcinoma resection were reviewed and included
in the surgical waiting list for intestinal transit reconstruction. Seventy-eight of them
met the endoscopic and histological criteria for diversion colitis diagnosis, and 73
patients were finally randomized into two groups, intervention (n = 35) and control (n
= 38). Sixty-nine patients completed the study, one of them from SG and three from
the CG abandoning the study because of anastomotic fistula. The study flowchart is
presented in Figure 1.There were no significant differences between SG and CG in

terms of sociodemographic, clinical, or surgical variables (Table 1).

Abdominal pain was the only symptom observed during stimulation, which
appeared in 20.5% of patients SG (n = 7) compared to 14.3% CG (n = 5). There were no
statistically significant differences between the two groups. Abdominal pain was
evaluated using the visual analog scale (VAS). Pain was moderated in SG, only present
in the first stimulation sessions and disappearing afterward. Pain was mild-moderate in

CG in all stimulation sessions and disappeared after their completion.

Main Assessment Criteria

The results of the main endpoint and postoperative evolution are described in
Table 2. The incidence of postoperative ileus was similar in both groups, present in
10/34 (29.4%) SG and 11/35 (31.4%) CG with p = 0.192. There were no significant
differences regarding the need for a nasogastric tube, the time required to begin
tolerating a diet, restoration of bowel function, and the duration of hospital stay. After
closure ileostomy, SG showed initiation of oral tolerance 24-hour earlier than CG (2 vs

3 days), which is considered statistically non-significant. The passage of gases and
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Table 1. Demographics, clinics and surgical characteristics.

Stimulated Group Mo Stimulated Group
(n = 34) n = 35) P
Demographics
Age (years) b5 (45-581) 68 (41-80) 130
::':[“aft[; ) 2311 25:10 0733
BMI qu_.-'m:'-] 235 (21.6-32.6) 7.6 (188402} moal
ASA 483
ASA LI 31 30
ASA I 3 B
Smoker/ nonsmoker 20714 23/12 . 826
Colomectal surgeny
Surgical procedune: 0120
LAR 5 25
ulAR a 10
Surgical approach: 551
Laparoscopic 2 24
Open 10 11
lype of anastomosis: 430
Stapled EEA 3 33
Colpanal anastomosis 3 2
Mecadjuvant therapy 26 25 239
Adjrvant treatment 2 28 0256

[eostomy closure

Time between

surgeries (months) 12(8-37) 9(6-32) 0.813
Surgery: 0L.690
Small bowel resection 33 e

[leocecal resection 1 1
Surgical approach: o201
Peri-ileostomy 30 23
Midline laparotomy 4 7
Iype of anastomosis: 0.355
Sewn ) 24
Stapled 5 b
Time iminutes) A0 (30-70) &5 (30-120) 053

BML body mass indes. ASA: American Society of Anesthesiologists Classification. LAR /ul AR low anterior

resection, ultralone anterior resection. EEA : end to end anastomoesis stapler.




restoration of bowel function appeared 2 days after surgery in both groups. SG had an
interval between 1-20 days to the emission of gases and 1-21 days to the restoration
of bowel function compared to CG, which had an interval of 1-48 days and 1-48 days,
respectively. The hospital stay was also shorter in SG but without statistical
significance. In SG, nine patients needed a nasogastric tube (26%) to manage
postoperative ileus. In CG, all the patients who presented postoperative ileus required

a nasogastric tube as part of their treatment (31.4%).

Table L Postoperative results.
Stimulated Group Mo Stimulated Group
in = 34) {n = 35) P
Postoperative ileus, n (%) 10 (29.4%) 11 (31.4%) 0192
Nasogastric tube, n (%) 9 [26%) 11 (31.4%) 0116
lime to toberating a diet e -
g ' 2 (1-24) 3 {2-50) 0619
days-mean (range) ’
Start of the passape of flatus, P i
ot the passag 2 {1-20) 2 (1-45) 0.173
days-mean (range)
Start of the passape of stool, . . I —
Passag 3 (1-21) 3 (1-48) 0154
days-mean (range) :
Postoperative stay, i R P
P ) - 4 (4-26) 5 (4-56) 0.105
days-mean (range) .
The e dlian has been wsed a5 & measune of central endency for the evaluabon of varables as the inidadon of oral
toderance, as emission, restorabion of ransit, and the duration of hospital stay.
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Secondary Assessment Criteria: Postoperative lleus and Colorectal Surgery

From the comparative analysis, the incidence of postoperative ileus after
closure ileostomy was found to be similar to the one that occurred in primary
colorectal surgery. In other words, patients who presented ileus after reconstruction
surgery also presented it in the previous colorectal surgery. In the SG, postoperative
ileus after colorectal surgery happened in 11/23 patients, and after reconstruction, it
appeared in 10 of these 11 cases. In the same way, in the CG postoperative ileus after
colorectal surgery happened in 11/24 patients, and after reconstruction, the same 11
patients presented it. Therefore, there is a direct relationship between ileus after
colorectal surgery and after intestinal transit reconstruction, independent of

stimulation with p <0.001 (Figure 2).

Postoperative ileus: CCR vs stoma closure surgery

30

Stimulated group Control group
5
20
15
10
o
CR 'J.zf!t"" ‘II‘D’.XC-‘\WV closure 'n;l’sf"’ CCR %‘-fe,t"‘,' tlres’.omy gosure '-Ulg"'\'

® Postoperative |leus ® No postoperative Heus

Figure 2. Comparison of postoperative ileus and the need for a nasogastric tube (NT) in colorectal
surgery (CCR) and after reconstructive surgery.
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4.1.5. Discussion

The appearance of postoperative ileus after closure ileostomy has been
analyzed in several studies [4,5,8,13,14]. Garfinkle et al. published the first systematic
review in 2019 [4]. It includes 9.528 patients in 67 studies, most of them retrospective
record. The authors point out that its incidence depends on the definition that we use
about ileus and that these variations cause great heterogeneity in the included studies,
so we will need to continue investigating and defining it with homogeneous criteria. In
fact, more than half of the studies in this meta-analysis (39/67) did not have defined
criteria for postoperative ileus (studies with a lower incidence), and among those,

there is no coincidence in the definition.

In order to find a common denominator to compare different studies, we relied
on the study published by the ASER (American Society of Enhanced Recovery) and
POQIl (Perioperative Quality Initiative) working group [11], which establishes
definitions based on the Symptom score for postoperative gastrointestinal dysfunction
(using terms such as ileus, paralytic ileus, postoperative ileus, or prolonged ileus)
including oral tolerance, nausea, vomiting, bloating, and duration of these symptoms.
This validated scoring system called I-FEED [12] was used in our study because, in our
opinion, it appears to be the most objective and extrapolated way to determine the
appearance of postoperative ileus, defined as postoperative gastrointestinal
dysfunction, which is different from postoperative gastrointestinal intolerance that is

resolved in 24-48 hours, and allows it to be compared with other studies in the future.

The idea of the stimulation of the efferent loop prior to reconstructive surgery
was born after raising the hypothesis that the appearance of postoperative ileus is due
to the structural and functional changes that take place in the dysfunctional intestine,
such as muscle and villous atrophy or decreased absorption capacity. [7,14]. Distal
bowel and colon, which are unready to re- establish transit, cause intestinal paralysis.

In this regard, several articles have been published [13-17], but the first systematic
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review was published by Rombey et al. [9] in 2019, including eight studies with 267
patients. Despite the excellent initial results, there is not sufficient evidence to
recommend the routine implementation of preoperative bowel stimulation in clinical
practice. This is due to the heterogeneity of the studies, which have not enough
statistical significance, and whose results are difficult to compare with each other since
some compare patients undergoing proctocolectomy with ileoanal J anastomosis and
other patients with low anterior resection. Only one study was randomized, three
were unique clinical cases, and there was diversity in terms of the substance used
during stimulation and its duration. Only two comparative studies found that
preoperative bowel stimulation reduced the time to restoration of bowel function
when compared to standard preoperative care [14,16]. The reduction was statistically
significant with regards to the mean time to the tolerance of solid food. The mean time
to passing flatus or stool was significantly lower, but the mean time to tolerance of
liquids did not significantly differ between the intervention and control groups in the
two studies reporting this outcome. The case reports results matched the comparative
studies results [15,17]. Preoperative bowel stimulation significantly reduced the mean
postoperative ileus in two comparative studies [14,16], by 2.1 and by 2.6 days,
respectively. In the two case reports [15,17], the postoperative ileus was of two and

four days, respectively, which is consistent with the RCT result [14].

The hypothesis of the present study was motivated by the absence of clear
scientific evidence on the benefit of stimulation of the efferent loop. We used a
double-blind design, maintained until the end of the study, a standardized definition of
postoperative gastrointestinal dysfunction, which had not been used up to now, and
based our trial on comparative studies and published meta-analyzes on intestinal
pathophysiological changes caused by the loss of intestinal flora in the excluded colon
segment [6-9,14]. We decided to carry out our study to compare results after
stimulation of the efferent loop with probiotics in patients previously operated on for

colorectal carcinoma. Based on systematic reviews about the use of probiotics as
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treatment of other gastrointestinal pathologies [18—-20], we considered that this
stimulation would achieve the repopulation of the excluded colon, activating the
cellular absorption mechanisms, increasing motility, and decreasing efferent loop
atrophy, so that after closure ileostomy, the return to normality would be faster, with
a shorter time required to re-establish oral transit and tolerance, reducing the onset of
postoperative ileus and the duration of hospital stay. We chose the formulation of
probiotics with the highest number of strains, which had an adequate synergistic and
complementary effect between them, and the highest concentration. Another positive

point is the absence of allergens such as gluten, lactose, or soy.

In our study, after the inclusion and randomization of 73 patients, no
statistically significant differences were detected in terms of sociodemographic,
clinical, or surgical variables. A notable reduction in surgical time was observed in the
SG, which we associate with the thickening of the efferent loop, resulting from the
stimulation, and which facilitates the performance of anastomosis. We also did not
find differences between the incidence of paralytic ileus in the SG (n = 10; 29.4%) and
the CG (n = 11; 31.4%), with a slight increase in it, compared to studies collected in
systematic reviews published by Rombey and Garfinkle [4,9], that we associate to the
standardization of the definition of postoperative gastrointestinal dysfunction. The
difference in terms of duration of hospital stay was 1 day, with a median of 4 days in
the SG and 5 days in the CG. This was associated with a 24-hour difference in oral
tolerance in the SG, in which 58% of patients tolerated a liquid diet in the first 24—-48
hours, compared to the CG, which took 48—72 hours. These results are similar to those
reported by other studies [9,14,15]. Moreover, it was observed that the incidence of
postoperative ileus was exactly the same as that presented in colorectal surgery and
that this was due to the fact that all the patients who presented ileus after
reconstruction surgery also did in the previous colorectal surgery. This fact is

important, as the closuring of ileostomy does not present the traditional risk factors of
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colorectal surgery, such as surgical time, increased level of fluids, and loss of blood,

among others [4,21-23].

4.1.6. Conclusions

Therefore, given the results obtained in our study, we have not been able to
demonstrate the benefit of stimulating the efferent loop with probiotics on the
appearance of postoperative ileus. Scientific evidence is insufficient to incorporate this
procedure into our protocol prior to closure ileostomy. We will need more studies to
establish its impact on operating results. We have indeed observed a direct
relationship between the onset of ileus after reconstruction surgery and the fact that
these patients had previously presented the same affection after colorectal carcinoma

surgery, a finding that may represent a new line of research.
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4.2. Diversion colitis and Probiotic stimulation: Effects of bowel stimulation prior to

ileostomy closure

El estudio que se presenta a continuacion ha sido publicado con la siguiente
referencia: Rodriguez-Padilla A, Morales-Martin G, Pérez-Quintero R, Rada-Morgades
R, Gomez-Salgado J, Ruiz-Frutos C. Diversion Colitis and Probiotic Stimulation: Effects of
Bowel Stimulation Prior to lleostomy Closure. Front. Med. 2021 Jun 8:654573. doi:
10.3389/fmed.2021.654573.
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4.2.1. Abstract

Background: Diversion colitis is a non-specific inflammation of a defunctionalised
segment of the colon after a temporary stoma has been performed. This inflammation

is associated with a change in the colonic flora.

Aim: to evaluate the efficacy and safety of preoperative stimulation of the efferent
loop with probiotics prior to closure of the protective ileostomy in patients operated
on colorectal carcinoma and its effect on diversion colitis. A prospective, randomised,

double-blind, controlled study is carried out.

Methods: Patients who underwent surgery for colorectal carcinoma with protective
ileostomy pending reconstructive surgery and with diversion colitis as diagnosis are
included. Randomised and divided into two groups. Histological and endoscopic
changes were evaluated after stimulation, after restorative surgery and during the

short-term follow-up after surgery.

Results: Patients in CG were distributed according to the endoscopic index of severity
in pre-stimulation/post-stimulation as follows: severe n = 9/9 (25.7%), moderate n =
23/23 (65.7%) and mild n = 3/3 (8.6%); compared to the distribution in SG, severe n =
9/0 (26.5% / 0%), moderate n = 23/3 (67.6% / 8.8%), mild n = 2/19 (5.9% / 55.9%) and

normal colonoscopy in 0/12 patients (0% / 35.3%).

Conclusion: Probiotic stimulation of the efferent loop is a safe and effective method,
managing to reduce both macroscopic and microscopic colitis, as well as a decrease in

symptoms in the short term after reconstructive surgery.

Keywords: Diversion colitis, efferent loop stimulation, Ileostomy closure, Inflammatory Bowel

Diseases, IBD management, Probiotics
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4.2.2. Introduction

In Western countries, rectal cancer represents 28—35% of all colorectal cancers,
with an incidence of 15-25 new patients per 100,000 inhabitants/year. Its greatest
complication is anastomotic leakage, with an incidence of 25% (1). The creation of a
temporal ileostomy in patients operated on for colorectal carcinoma by means of a low
anterior resection with total excision of the mesorectum, reduces the morbidity
associated with anastomotic leakage (2). Around 18-40% of patients will present
complications, such as diversion colitis, small bowel obstruction, surgical wound
infection, postoperative ileus, anastomotic leak, fistula, perforation, abscess, bleeding,

or hernia (3).

Diversion colitis (DC) is an inflammation produced in a defunctionalised
segment of the colon after a temporary stoma has been performed (4). Described by
Glotzer et al. (5), it is characterised by an inflammation of the large bowel mucosa that
mimics idiopathic inflammatory bowel disease (4). It can manifest symptoms such as
abdominal or pelvic pain, mucous discharge, tenesmus, fever, and rectal bleeding in
the most severe cases, although up to 30% of patients remain asymptomatic (6). There
are several hypotheses to explain the pathogenesis. One of them relates chronic
inflammation with a decrease of bacteria in the dysfunctional area (7, 8). This
inflammation causes endoscopic findings such as mucosal friability, oedema,
erythema, appearance of polyps, ulcers, stenosis, and microscopic findings such as
lymphoid follicular hyperplasia, infiltration of the lamina propria by lymphocytes,
eosinophils, the appearance of plasma cells, architectural disruption, and the

appearance of crypt abscesses (4).

The definitive treatment is the restoration of the continuity of the digestive
tract (4, 6). Pharmacological treatments using instillations with short-chain fatty acids,
mesalazine fibre, or corticosteroids are reserved for patients who are not candidates

for surgical treatment or for stimulation of the efferent loop prior to surgery (9, 10).
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Stimulation with probiotics prior to closing the protective stoma would allow the
dysfunctional colon segment to be repopulated, which would reduce diversionary

colitis (11).

Probiotics are defined as live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host (12, 13). These and their
metabolic products have been proposed as food supplements to achieve a healthier
intestinal homeostasis and also as a treatment for pathologies with an important
inflammatory component. Probiotics interact with the intestinal mucosa, reducing the
molecular  production of pro-inflammatory substances (12, 14). This
immunomodulatory effect is what is needed in order to reduce the level of diversion
colitis. Currently available probiotics, aimed at other pathologies with inflammatory
conditions, produce a modulating effect in a transitory and limited way. This time-
limited effect is what is needed to reduce the level of diversion colitis, since after

reconstruction this tends to disappear.

4.2.3. Materials and methods

Study Design

Prospective, randomised, multicentre, double-blind experimental study,
comparing two groups of patients operated on for colorectal carcinoma with
protective ileostomy. One group includes patients treated with stimulation of the
efferent loop with probiotics prior to transit reconstruction surgery; the other control

group is stimulated without giving any substance.

Simple Size

The sample size was calculated according to the incidence of diversion colitis

published in systematic reviews. Assumed reduction in Pl was 50% (100-50%). With a
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loss adjustment of 15%, it was necessary to have 30 patients per group. We recruited
34 patients in stimulated group and 35 patients in control group for a statistical level of

95% and a power of 0.8.

Selection of Patients

Between January 2017 and December 2018, all the patients from participating
centres included in the surgical waiting list for temporary stoma closure after
colorectal carcinoma were consecutively evaluated to determine their inclusion in the

study. The selection flowchart of the study patients can be seen in Figure 1.

The inclusion criteria were being over 18 years of age, having protective
ileostomy after colorectal carcinoma surgery free of disease, with endoscopic and
histological confirmation of diversion colitis and having signed the informed consent.
The exclusion criteria being under 18 years of age, clinical history and histological
confirmation of inflammatory bowel disease with colorectal involvement and refusal to
participate in the study. Abandonment criteria: loss during follow-up, exitus, and

anastomotic leakage after stoma closure.
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Randomisation and Intervention

A colonoscopy including biopsies for histological study, was performed on all
patients selected to participate in the study. After confirming the diagnosis, level of
colitis (based on the Harig scoring system (15)), and excluding patients who did not
meet the selection criteria, randomisation was performed. Randomisation was
performed by using a computer-generated sequence (Statistical software EPIDAT 4.1)

into 2 groups:

e Stimulation group (SG): preoperative stimulation of the distal limb of the

ileostomy loop with probiotics was performed during the 20 days prior to
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surgery every second day. During the process and after it, the patient registers
the appearance of symptoms after each stimulation session: abdominal pain,
emission of gas, and stool. A sterile Foley catheter No.14 Ch connected to an
infusion set was introduced through the de-functioned bowel to allow the slow
infusion of a solution with 4.5 mg of probiotics diluted in 250 ml of 0.9%
physiological saline for 20—30 min. Each preparation was made under sterile
conditions and maintaining the cold chain. Vivomixx® lyophilised live bacteria,
marketed by MENDES, S.A, contained 4.5 x 10 11 of live bacteria in each

preparation:

° Four strains of Lactobacillus:
Lactobacillus acidophilus DSM 24735®
Lactobacillus plantarum DSM 24730®
Lactobacillus paracasei DSM 24733°®
Lactobacillus delbrueckii subsp. bulgaricus DSM 24734®

o Three strains of Bifidobacterium:
Bifidobacterium breve DSM 24732°®
Bifidobacterium longum DSM 24736°®
Bifidobacterium infantis DSM 24737°®

o One strain of Streptococcus

Streptococcus thermophilus DSM 24731°®

e Control group (CG): exactly the same procedure was carried
out, but with the infusion set closed. During the process

and after it, the patient himself registers the appearance of
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symptoms after each stimulation session: abdominal pain,
emission of gas, and stool.

After ten stimulation sessions, 24 h before surgery, a colonoscopy with biopsy
was performed on all patients, re-quantifying the nendoscopic and histological index of

severity of diversion colitis.

Surgery and Follow-Up

All patients were admitted in the hospital the day before surgery, fasting,
receiving antithrombotic prophylaxis (enoxaparin 40 mg subcutaneous) and
premedication according to the pre-anaesthesia’s instructions sheet. The
reconstruction surgery was carried out by three expert surgeons from the Colorectal
Surgery department. A parastomal incision was made and carried out sharply into the
peritoneal cavity. The anastomosis was lateral-lateral, either manual or mechanical,
according to the decision of the surgeon. Every surgeon was allowed to decide as well
whether to change to a median laparotomy procedure. Complications or events
happened during surgery were recorded nin the surgical procedure protocol. General
anaesthesia was given to all patients and, after extubation and stabilisation in the

postoperative resuscitation room, they went directly to the hospitalisation ward.

Follow-up during hospitalisation was carried out by the staff of the Colorectal
Surgery department of each centre, recording any postoperative complications, with
special vigilance of abdominal pain, passage of flatus, or stool with correct
quantification and initiation of oral tolerance. Patients were discharged from the
hospital after re-establishing intestinal transit, adequate oral tolerance and stool

control, recording the length of stay in hospital.

Follow-up after hospitalisation was carried out by Colorectal Surgery team in
the first, third, and sixth postoperative months. These evaluations were performed by
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the colorectal surgeon who intervened in each patient. Any symptomatology related to
the intervention was recorded, with special monitoring of abdominal pain and number

and control of stools.

Blinding

To ensure blinding of the patients, all underwent the same diagnostic
procedure. During the stimulation sessions, both the solution with probiotics and the
infusion set were covered by an opaque protective envelope, which prevented
observing the colour and transparency of the fluid, or whether the system was open or
closed. The stimulation sessions were performed by a single surgeon, who was also in

charge of preparing the dilution.

The endoscopist, the pathologist and the surgeon who performed the surgical
intervention and the follow-up, as well as surgeons who participated, after the surgery,
in the hospitalisation process, did not know whether the patient had received

probiotics or not.

Assessment Criteria

The main evaluation criterion was the effect caused by stimulation of the
efferent loop with probiotics on the persistence and severity index of diversion colitis,
both endoscopic and histological, comparing SG and CG after stimulation, after
surgery, in the first post-operative month and during short-term follow-up (third and

sixth postoperative month).

Secondary evaluation criteria were passage of gas and stool during the
stimulation period and after surgery, the initiation of oral tolerance, restoration of

intestinal transit (gas and stool), and hospital stay.
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Statistical Analysis

A descriptive univariate analysis of sociodemographic and clinical variables was
performed. The Kolmogorov-Smirnov test was used to verify the normality of the
guantitative variables. To describe the quantitative variables, the mean and standard
deviation were used, and the median and interquartile range for those variables that
did not follow a normal distribution. For qualitative variables frequencies and
percentages will be used. Afterwards, to verify the main objectives, a bivariate analysis
was performed. A contrast test of proportions based on the Chi- square test was used
in order to determine whether stimulation of the efferent loop with probiotics prior to
the closure of the protective ileostomy reduces the level of diversion colitis, as well as
its effects on the passage of gas and stool, the initiation of oral tolerance, re-
establishing intestinal transit and hospital stay. To quantify its level of association,
Cramer’s Phi and V coefficients were calculated. In order to correlate quantitative
variables, the Spearman’s rank correlation coefficient was used. A p < 0.05 was
considered to be significant. Statistical analysis was performed using the statistical
program SPSS version 24.0, with the support of calculation tools provided by the

software Microsoft Excel or R.

Ethical Aspects

The project was performed with the consent of the Ethics Coordinating
Committee for Biomedical Research of Andalusia, Spain, and registered with the
project number 2017/331191354. Written informed consent was requested to
participate in the study, giving details of both the study objectives and the

methodology to be followed. The data was kept anonymous, maintaining the
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confidentiality and anonymity of the participants. The CONSORT Statement criteria for

the design of clinical trial were followed (standard trial methodology).

4.2.4. Results

Study Population

Between January 2017 and December 2018, 83 disease free patients with
protective ileostomy after colorectal carcinomaresection were reviewed and included
in the surgical waiting list for intestinal transit reconstruction. Seventy eight of them
met the endoscopic and histological criteria for diversion colitis diagnosis and 73
patients were finally randomised into two groups, intervention (n = 35) and control (n
= 38). Sixty nine patients completed the study, 1 of them from SG and 3 from CG
abandoning the study because of anastomotic leakage. Study flowchart is presented in
Figure 1. There were no significant differences between SG and CG in terms of

sociodemographic, clinical, or surgical variables (Table 1).

Main Assessment Criteria

The effect of stimulation with probiotics on diversion colitis, identified by
endoscopic, is showed in Figure 2. It shows a homogeneous distribution in the pre-
stimulation phase between SG and CG (p = 0.911), with n = 9 patients with severe
diversion colitis in both groups (26.5% SG vs. 25.7% CG), n = 23 patients with moderate
diversion colitis in both groups (67.6% SG vs.65.7% CG) and n = 2 patients with mild
diversion colitis in SG (5.9%) vs. n = 3 patients in CG (8.6%). In the post-stimulation
phase, CG maintains its distribution with n = 9 patients with severe diversion colitis
(25.7%), n = 23 patients with moderate diversion colitis (65.7% CG), and n = 3 patients
with mild diversion colitis (8.6%); on the other hand, SG shows no patients with severe
diversion colitis (n = 0), n = 3 patients with moderate diversion colitis (8.8% CG), n = 19
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patients with mild diversion colitis (55.9%) and n = 12 patients with normal endoscopic

findings (35.3%), achieving a p < 0.001 and a Phi and V Cramer coefficient of 0.883.
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Table 1. Demographics, clinics, and surgical characteristics.
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The effect of stimulation with probiotics identified by histology is showed in
Figure 3. It shows a homogeneous distribution in the pre-stimulation phase between
SG and CG (p = 0.896), with n = 9 patients with severe diversion colitis in both groups
(26.5% SG vs. 25.7% CG), n = 23 in CG and n = 21 patients with moderate diversion
colitis in both groups (61.8% SG vs. 65.7 % CG) and n = 4 patients with mild diversion
colitis in SG (11.7%) vs. n = 3 patients in CG (8.6%). In the post-stimulation phase, the
CG maintains its distribution with n = 9 patients with severe diversion colitis (25.7%), n
= 23 patients with moderate diversion colitis (65.7% CG), and n = 3 patients with mild
diversion colitis (8.6%), on the other hand, SG shows no patients with severe diversion
colitis (n = 0), n = 3 patients with moderate diversion colitis (8.8% CG), n = 21 patients
with mild diversion colitis (61.8%) and n = 10 patients with normal histologic findings

(29.4%), getting a p < 0.001 and a Phi and V Cramer coefficient of 0.843.

Abdominal pain was the only symptom observed during stimulation, which
appeared in 20.5% of patients SG (n = 7) compared to 14, 3% CG (n = 5). There were no
statistically significant differences between the two groups. Abdominal pain was
evaluated using the visual analogue scale (VAS). Pain was moderated in SG, only
present in the first stimulation sessions and disappearing afterwards. Pain was mild-

moderate in CG in all stimulation sessions and disappeared after their completion.

The symptoms of diversion colitis after reconstruction surgery appeared in
100% (n = 35) of the patients in CG, vs. 23.5% in SG (n = 8), the remaining 76.5% being
asymptomatic after surgery (n = 26), with p < 0.001 and a Phi and V Cramer coefficient
0.789. This clinical scenario is maintained 1 month after reconstructive surgery in CG,
with 94.3% (n = 33) of patients showing symptoms of diversion colitis, compared to
5.7% who are asymptomatic (n = 2). SG shows 97.1% of asymptomatic patients after
surgery (n = 33) compared to 2.9% of patients with diversion colitis (n = 1), with p <
0.001 and a Phi and V coefficient of Cramer 0.913. Finally, during the short-term

follow-up after reconstructive surgery, symptoms are present in CG with 28.6% (n =
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10) compared to 71.4% who are asymptomatic (n = 25). SG shows 100% asymptomatic

patients after surgery, with p < 0.001 and a Phi and V Cramer coefficient of 0.406.

Figure 2. Grade of macroscopic diversion colitis, measured by endoscopy, in the

stimulated group and control group, in the pre-stimulation and post-stimulation

phases.
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Secondary Endpoints

In the comparative analysis, we found a direct relationship between passage of
gas and stool during the stimulation period and the decrease in the level of diversion
colitis in SG with p < 0.001 and a Phi and V Cramer coefficient of 0.683 for stool and
0.971 for gas. There were no statistically significant differences among the initiation of
oral tolerance, restoration of intestinal transit, or length of hospital stay, as shown in
Table 2. The incidence of postoperative ileus was similar in both groups, appearing in
10/34 (29, 4%) for SG and 11/35 (31.4%) for CG with p = 0.192. After reconstructive
surgery, SG started oral tolerance 24 h earlier than CG, but it was statistically non-
significant (2 days vs. 3). The emission of gases and the restoration of intestinal transit
happened 2 days after surgery in both groups. SG had an interval between 1 and 20
days in the emission of gases and between 1 and 21 days in the intestinal transit, vs. 1—
48 days in both cases in CG. The hospital stay was also shorter in the SG, but without

statistical significance.
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4.2.5. Discussion

As mentioned in the introduction, colorectal cancer surgery has progressively
evolved. More and more complex resections are performed both by abdominal and
perineal approach, increasing their quality and achieving a more radical surgery with
increasingly inferior anastomoses and without the need for a permanent stoma, even
if still requiring a temporary stoma (16). To protect low colorectal anastomosis from
possible complications, we must create an ileostomy, which also will lead to morbidity.
Derivative stomas are not exempt from complications, the most feared being the
anastomotic leak however the most common is diversion colitis (2, 3, 17). In patients
that require a protective ileostomy, dysbiosis happens in the excluded colon segment
that leads to diversion colitis (6). This dysbiosis activates metabolic products that
produce an immune response, causing an attack on the colonic mucosa and affecting
the function of the regulatory immune cells that normally promote its homeostasis
(18). This causes structural changes, such as atrophy of villi in the defunctionalised
limb, and in consequence produce loss of smooth muscle area and reduced isometric
contractility with loss of the intestinal absorption capacity (7). Intestinal dysbiosis has
been linked to the pathogenesis of numerous chronic diseases, such as inflammatory
bowel disease, and has been studied in order to identify its correction, with variable

results (19, 20).

The bibliography about diversion colitis and its relationship with microbiota
alteration is not extensive. In the last 2 years, two studies have been published about
intestinal microbiota (19, 21); to which we must add, on the one hand, the latest
systematic review on diversion colitis published by Kabir et al. (6) that reviews a total
of 3,305 articles, eventually including 35 studies, and analyses the pathophysiology,
clinical presentation and treatment of diversion colitis which concludes that there is a
great variability of forms of presentation and a single definitive treatment, which is the

reconstruction of the transit. Results on preoperative stimulation prior to the closure
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of the protective ileostomy published by Rombey et al. (10), including 8 studies with a
total of 267 patients, despite the promising initial results, show that there is no
sufficient quality evidence to recommend routine implementation of preoperative
bowel stimulation in clinical practise. That is why we propose that microbial
manipulation by stimulating probiotics prior to closing the protective ileostomy would
allow the altered autoimmune function to be normalised, restore homeostasis, and

reduce mucosal inflammation.

After completing the stimulation phase with probiotics, no statistically
significant differences were detected in terms of sociodemographic, clinical or surgical
variables. On the contrary, there is indeed a notable decrease in surgical time in SG,
which we associate with the thickening of the distal end caused by stimulation and
which facilitates the performance of the anastomosis. In the pre-stimulation phase, no
differences were found in terms of index of severity in both groups, either by
endoscopy or histology. After stimulation, a decrease of the index of severity was
observed in SG compared to CG, both by endoscopy and histology, as shown in Figures

2,3.

A reduction in the level of diversion colitis was achieved by 100% of SG
patients, with the disappearance of macroscopic diversion colitis in 35.3%, obtaining
normal endoscopic findings in 12 patients (p < 0.001 and a Phi and V Cramer
coefficient of 0.883) and the disappearance of microscopic sign in 29.4%, obtaining
normal histological findings in 10 patients (p < 0.001 and a Phi and V Cramer
coefficient of 0.843). Both cases showed a strong correlation between stimulation with
probiotics and the decrease of diversion colitis, with the appearance of colicky
abdominal pain in 20.5% of the patients (n = 7) as the only side-effect, valued as
moderate pain using the visual analogue scale (VAS) and only associated with the first
stimulation sessions, disappearing afterwards. This effect has already been described

in studies with stimulation of the efferent loop with short chain fatty acids (6, 10, 15).
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At the same time as stimulation, an increase in stool and gas emission was
observed during this phase in SG compared to CG, which we directly relate to a
decrease or disappearance of diversion colitis after stimulation with probiotics with a
value of p < 0.001 and a Phi and V Cramer coefficient of 0.683 for stool and 0.971 for
gas, both showing the association with a strong correlation. Initiation of intestinal
transit prior to reconstruction allows the identification of functional obstructions distal
to the ileostomy that can cause mechanical ileus after surgery and that can be solved
by endoscopic dilations or, on the contrary, it allows the identification of a level of
incontinence associated with the anterior resection syndrome, which allows for early

toilet training(22, 23).

Regarding the effect on bowel function after transit reconstruction, no
differences were observed between the two groups, with a non-statistically significant
time to recovery of transit and oral tolerance. The difference in terms of hospital stay
was 1 day, with a median of 4 days in SG and 5 days in CG, associating it with 24-h
difference in oral tolerance between SG, in which 58% of patients tolerate liquid diet in
the first 24-48 h, compared to the CG, which requires 48—72 h. There were no
differences in postoperative ileus between SG (n = 10, 29.4%) and CG (n = 11, 31.4%),
highlighting a disagreement with systematic reviews published by Rombey and
Garfinkle and other studies on post-operative ileus that seem to improve after
stimulation of the efferent loop prior to closure of the ileostomy (7, 23-28).
Nonetheless, both conclude with a lack of evidence to recommend the stimulation of
the efferent loop in a routine way and emphasise the need to carry out multicentre

studies with higher scientific quality, in order to verify their validity.

The observations presented here demonstrate that the decrease in endoscopic
and histological findings associated with the decrease in inflammation means that
stimulation of the efferent loop of the ileostomy with probiotics can be an alternative

treatment in patients with symptomatic DC who are not candidates for reconstructive
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surgery as a treatment to resolve the colonic inflammation (29, 30). Finally, the
stimulation of the efferent loop with probiotics can be an alternative treatment to

resolve the inflammation in patients whose surgical option is not feasible.

The most studied probiotic bacterias are Bifidobacterium and Lactobacillus spp.
These two produce a decrease of prolinflammatory molecules and an increase of
molecules that inhibit inflammation, also protecting against oxidative stress in humans
and demonstrating an important role in intestinal disbiosis (7, 31, 32). Currently, the
evidence shows that probiotics have a positive effect on systemic and oxidative
inflammation, especially at the gastrointestinal level. L. acidophilus, one of the
probiotics administered during our stimulation, has demonstrated its role in
inflammatory regulation in multiple experimental studies (32—41). A randomised
controlled clinical trial conducted by Jafarnejad et al. (42) describes the effect of
supplementation with probiotics for 8 weeks, in this case, with VSL3 (a probiotic
similar to the one administered in our study), on glycaemic status and inflammatory
markers among pregnant women. The probiotic supplements contained eight strains
of lactic acid bacteria (S.thermophilus, Bifidobacterium breve, Bifidobacterium longum,
Bifidobacterium infantis, L. acidophilus, L. plantarum, L. paracasei, and L. delbrueckii
subsp. Bulgaricus). They found a statistically significant decrease in TNF alpha and CRP
levels in the probiotic group compared to the placebo. Results are superimposable to

other studies (41).

Finally, it was possible to reduce diversion colitis symptoms after reconstructive
surgery in 76.5% of SG (n = 26) with p < 0.001 and observing correlation between the
absence of symptoms and stimulation with a V Cramer coefficient of 0.789, compared
to CG, in which 100% of patients presented symptoms. This is maintained in the
follow-up to the first month after closure ileostomy with 94.3% of symptomatic
patients in CG vs. 2.9% in SG, with p < 0.001 and an association of 0.913. However, in

the short-term follow-up, both tend to equalise, achieving 100% asymptomatic
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patients in SG and 71.4% in CG, with p < 0.001 and a Phi and V Cramer coefficient of
0.406. This correlation disappears between the third and sixth month, when diversion
colitis becomes non-existent both endoscopically and microscopically. This fact
coincides with the transitory and limited modulatory effect that probiotics produces on
the intestinal mucosa (43—-47) and with the recovery curve of intestinal function
published in other studies (7, 9). However, as the main limitation of our study has been
the sample size we cannot make definitive statements about the effectiveness of this
technique. We will need additional multicentre studies on bowel function and
preoperative stimulation prior to closure of the protective ileostomy to confirm these

conclusions.

4.2.6. Conclusions

The pathogenesis of diversion colitis is related with a chronic inflammation and
decrement of flora in the dysfunctional area. The definitive treatment is the
restoration of the continuity of the digestive tract, and the stimulation of the efferent
loop with probiotics would allow patients to reduce complications in the
pre/postoperative process. The stimulation with probiotics is a safe and feasible
procedure with minimal adverse effects, being an option for patients who are not

candidates for surgical treatment.
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4.3. Diversion colitis: macro and microscopic findings after probiotics stimulation

El estudio que se presenta a continuacion ha sido publicado con la siguiente
referencia: Rodriguez-Padilla A, Morales-Martin G, Pérez-Quintero R, Gémez-Salgado J,
Rada-Morgades R, Ruiz-Frutos C. Diversion Colitis: Macro and Microscopic Findings
after Probiotics Stimulation. Biology (Basel). 2021 Apr 6; 10(4):303. doi:
10.3390/biology10040303.
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4.3.1. Abstract

Simple Summary: The observations presented in this study conclude that the
preoperative stimulation with probiotics of the efferent loop through the dysfunctional
bowel, to allow the slow infusion, can have a reducing effect on the endoscopic and
histopathological alterations of diversion colitis. This procedure may be an alternative
treatment to resolve the inflammation in patients where the surgical option is not

feasible or available.

Abstract: The use of a loop ileostomy as the defunctioning procedure of choice
to protect a distal colonic anastomosis causes histological and endoscopic changes in
the intestinal mucosal architecture, which have been related to chronic inflammation
and changes in the microflora that consequently impact the intestinal structure and
function following fecal stream diversion. The aim of this study was to evaluate the
histological and endoscopic changes on the colonic mucosa in patients with diversion
colitis after stimulation of the efferent loop with probiotics prior to closure of the
protective ileostomy. A prospective, randomized, double-blind, controlled study was
designed. All patients who underwent surgery for colorectal carcinoma with protective
ileostomy between January 2017 and December 2018 were included. These patients
were pending reconstructive surgery and were diagnosed with endoscopic and
histological diversion colitis. Divided into two groups, a group stimulated with
probiotics (SG) and a control group (CG). 34 cases and 35 controls were included in the
study. Histological and endoscopic changes were evaluated after stimulation, after
restorative surgery and during the short-term follow-up after surgery. A decrease in
endoscopic pathological findings (mucosal friability, mucous erosions, polyps, edema,
erythema and stenosis) and in histological findings (follicular hyperplasia, eosinophils,
cryptic abscesses, lymphocyte infiltration, plasma cell infiltration and architecture
distortion) was observed in SG. These results were statistically significant with a p <

0.001. The stimulation of the efferent loop of the ileostomy in patients with diversion

127



colitis produced a decrease of the endoscopic and histological severity of colitis in the

short term.

Keywords: diversion colitis; colonoscopy; efferent loop stimulation; ileostomy

closure; probiotics; microbiome therapeutics.

4.3.2. Introduction

Probiotics were defined as live microorganisms that improve the host’s health
when administered in adequate amounts [1,2]. These microorganisms and their
metabolic products have been suggested as food supplements to achieve a healthier
intestinal homeostasis and, also, as a treatment for pathologies with an important
inflammatory component. In recent years, multiple studies have been published which
explain the use of probiotics and their effect on the microbiota flora when applied to
different pathologies such as diabetes mellitus, obesity, inflammatory bowel disease,
colitis and even psychological disorders[3—10]. Depending on the strains included in
probiotics, with different biochemical and immunological properties, the modulating
effect of inflammation was evaluated in vitro and in vivo [11]. These biological effects
are closely related to the microbiota metabolism and the ability to colonize the
gastrointestinal tract [7]. Probiotics interact with the intestinal mucosa, reducing the
molecular production of proinflammatory substances [1]. Live bacteria, such as
Lactobacillus, Bifidobacterium, and Enterococcus, present antimicrobial and
immunomodulatory activity and improve the intestinal barrier [3]. This
immunomodulatory effect is what is needed in order to reduce the level of diversion
colitis [12-14]. Currently available probiotics, aimed at other pathologies with
inflammatory conditions, produce a modulating effect in a transitory and limited way.
This time-limited effect is also essential to reduce the level of diversion colitis, since

after reconstruction the effect of probiotics tends to disappear [15,16].
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In patients suffering from colorectal cancer who have undergone partial colonic
resection, the creation of a temporary ileostomy causes a defunctionalization of the
colon [15]. Consequently, the microflora within the defunctioned colon is less diverse
and convergence between defunctioned microbiota profiles was observed;
additionally, a chronic inflammation appears, with endoscopic and histological changes

compatible with diversion colitis (DC) [17,18].

Diversion colitis was described by Glotzer et al. in 1981 [19]. It is characterized
by an inflammation of the large bowel mucosa that mimics idiopathic inflammatory
bowel disease [15]. It has an incidence between 50-91% [15,16]. It can manifest
symptoms such as abdominal or pelvic pain, mucous discharge, tenesmus, fever, and
rectal bleeding in the most severe cases, although up to 30% of patients remain
asymptomatic [16]. 52% of patients with DC show mild inflammation, 44% moderate
and 4% severe [3,20], which represents an annual incidence close to 120,000
patients/year. DC is still a problem and probably will remain so in the future, which
impairs the quality of life of a significant number of patients [15,16]. DC shows a wide
spectrum of endoscopic and histopathological changes, most importantly in the distal

segments of the colon.

The endoscopic findings described are: friable mucosa, edema, erythema,
appearance of polyps, ulcers, stenosis and histological findings such as lymphoid
follicular hyperplasia, infiltration of the lamina propria by lymphocytes, eosinophils,
the appearance of plasma cells, architectural disruption, and the appearance of crypt

abscesses [15,21].

The definitive treatment is the restoration of the continuity of the digestive
tract [15,16]. Pharmacological treatments using instillation techniques with short-chain
fatty acids, mesalazine, fiber or corticosteroids are reserved for patients who are not
candidates for surgical treatment or for stimulation of the efferent loop prior to

surgery [22-24]. Stimulation with probiotics prior to closing the protective stoma
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would allow the dysfunctional colon segment to be repopulated, which would reduce
diversion colitis [3,15,16]. The objective of this study was to evaluate the histological
and endoscopic changes in the colonic mucosa in patients with diversion colitis after
stimulation of the efferent loop with probiotics and prior to closure of the protective

ileostomy.

4.3.3. Materials and methods

Study Design

Prospective, randomized, multicenter, double-blind study, comparing two
groups of patients operated for colorectal carcinoma with protective ileostomy. One
group includes patients treated with probiotic stimulation of the efferent loop prior to
transit reconstruction surgery; the other control group was stimulated without any

substance.

Sample Size

The sample size was calculated according to the diversion colitis endoscopic
and histological findings published in previous studies [16,24]. Assumed reduction in
macroscopic and microscopic pathological findings was 50% (100-50%). With a loss
adjustment of 15%, it was necessary to have 30 patients per group. We recruited 34
patients for the stimulated group and 35 patients for the control group for a statistical

level of 95% and a power of 0.8.
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Selection of Patients

Between January 2017 and December 2018, all the patients, from the three
participating centers, that were included in the surgical waiting list for temporary
stoma closure (coded according to CIE-10) after colorectal carcinoma, were
consecutively evaluated to determine their inclusion in the study. The flowchart for the

selection of the study patients is depicted in Figure 1.

Gatients with protective ileostomy after CCD

e—

n=4§3

1 Excluded patients with unspecified colitis
n=s

4
Diversion colitis (endoscopy+histology)
n=78

N Refuse to participate

n=35
Participants based on inclusion criteria
PO,
n=73
Randomizatio\n }

Estimulated group
n=33
Excluded*®
n=1
Patients complete study Patients complete study
n=34 n=35

Figure 1. Study flowchart; CRC: Colorectal Cancer; *: excluded patients with anastomotic leak.
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The inclusion criteria were being over 18 years of age, having protective
ileostomy after colorectal carcinoma surgery free of disease, with endoscopic and
histological confirmation of diversion colitis and having signed the informed consent.
As exclusion criteria: being under 18 years of age, clinical history, and histological
confirmation of inflammatory bowel disease with colorectal involvement, and refusal
to participate in the study. Abandonment criteria: loss during follow-up, exitus, and

anastomotic dehiscence after reconstruction surgery.

Endoscopic and Histopathological Examination

Colonoscopies with random biopsies were performed on all patients to exclude
those who did not have colitis and to establish the severity index. Three endoscopists
performed the endoscopies with a Silver Scope Storz® colonoscope (Karl Storz SE; Co.
KG, Tuttlingen, Germany). The endoscopic findings were expressed according to the
scoring system of Harig et al. [20] including erythema, edema, friability, polypus,
granularity, stenosis and erosions. Every finding was scored in a scale from 0 to 1 or
from 0 to 3, and the grade of colitis was obtained by adding these scores. The total
score was validated as absent, mild, moderate, or severe. The histopathological
analysis nwas assessed by three independent histopathologists. Samples of colon were
fixed in buffered formalin and stained with hematoxylin and eosin (H&amp;E). In the
same way as in the endoscopy, DC was diagnosed by evaluating the appearance of
follicular lymphoid hyperplasia, eosinophilic, lymphocytes and plasma cells infiltrations
and crypt narchitecture distortion. Every finding was scored in a scale from 0 to 1 or
from 0 to 3, obtaining the grade of colitis by adding the results. The total score was

validated as absent, mild, moderate, or severe.

Both endoscopic and histopathological studies were performed after

stimulation and 3 months after intestinal continuity reconstruction.
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Randomization and Intervention

After confirming the diagnosis and excluding patients who did not meet the
selection criteria, randomization was performed creating two groups by using a
computer-generated sequence on EPIDAT (Statistical software EPIDAT version 4.2.
Conselleria de Sanidade, Xunta de Galicia, Espafia; Organizacién Panamericana de la

Salud (OPS-OMS); Universidad CES, Colombia):

Stimulation group (SG): preoperative stimulation with probiotics of the distal
limb of the ileostomy loop was performed during the 20 days prior to surgery every
second day. During the process and after it, the patient himself registered the
appearance of symptoms after each stimulation session: abdominal pain, emission of
gas and stool. A sterile Foley catheter No.14 Ch connected to an infusion set was
introduced through the defunctioned bowel. This was done to allow slow infusion of a
solution of 4.5 mg of probiotics diluted in 250 mL of 0.9% physiological saline for 20-30
min. Each preparation was made under sterile conditions and maintaining the cold
chain. Vivomixx ® lyophilized live bacteria, marketed by MENDES, S.A, contained 4.5 x

10 11 of live bacteria in each preparation:
o Four strains of Lactobacillus:
* Lactobacillus acidophilus DSM 24735 ®
* Lactobacillus plantarum DSM 24730 ©
* Lactobacillus paracasei DSM 24733 ®
» Lactobacillus delbrueckii subsp. bulgaricus DSM 24734 ©
o Three strains of Bifidobacterium:
= Bifidobacterium breve DSM 24732 ©

» Bifidobacterium longum DSM 24736 ®
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» Bifidobacterium infantis DSM 24737 ©
o One strain of Streptococcus
= Streptococcus thermophilus DSM 24731 ©

Control group (CG): exactly the same procedure was carried out, but with the
closed infusion set. During the process and after it, the patient himself registered the
appearance of symptoms after each stimulation session: abdominal pain, emission of

gas and stool.

After ten stimulation sessions, 24 h before surgery, a colonoscopy with biopsy
was performed on all patients, re-quantifying the index of severity of endoscopic and

histological diversion colitis.

Surgery and Follow-Up

The reconstruction surgery was carried out by three expert surgeons from the
Colorectal Surgery Department. A parastomal incision was made and carried out
sharply into the peritoneal cavity. The anastomosis was lateral-lateral, either manual
or mechanical, according to the decision of the surgeon. Every surgeon could decide
whether to change to a median laparotomy procedure or not. Complications or events
happened during surgery were recorded in the surgical procedure protocol. General
anesthesia was given to all patients and, after extubation and stabilization in the

postoperative recovery room, they went directly to the hospitalization ward.

Follow-up during hospitalization was carried out by the team of the Colorectal
Surgery department of every center, recording any postoperative complications.
Patients were discharged from the hospital after re-establishing intestinal transit,

adequate oral tolerance and stool control, recording the length of their hospital stay.
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Follow-up after hospitalization was carried out by the Colorectal Surgery team
in the first, third and sixth postoperative months. These evaluations were performed
by the colorectal surgeon who had performed the surgical intervention in each patient.
Any symptomatology related to the intervention was recorded, with special
monitoring of abdominal pain, number and control of stools, mucous discharge,
tenesmus and rectorrhagia. After completing a three-month follow-up, a colonoscopy

with biopsies was performed to evaluate the presence and grade of DC.

Masking

To ensure masking of the patients, all underwent the same diagnostic
procedure. During the stimulation sessions, both the solution with probiotics and the
infusion set were covered by an opaque protective envelope, which prevented from
observing the color and transparency of the fluid, or whether the system was open or
closed. The stimulation sessions were performed by a single surgeon, who was also in

charge of preparing the dilution.

The endoscopist, the pathologist and the surgeon who performed the surgical
intervention and the follow-up, as well as the surgeons who participated in the
hospitalization process after the surgery, did not know whether the patient had

received probiotics or not.

Assessment Criteria

The main endpoint was the decrease or disappearance of endoscopic and
histological findings in the short-term follow-up, caused by stimulation of the efferent
loop with probiotics. The secondary endpoints were the correlation of endoscopic and

histological severity with DC symptoms and its decrease or disappearance after
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stimulation with probiotics and in the short-term follow-up after reconstructive

surgery (3 months).

Statistical Analysis

A descriptive univariate analysis of sociodemographic and clinical variables was
performed. The Kolmogorov-Smirnov test was used to verify the normality of the
guantitative variables. To describe the quantitative variables, the mean and standard
deviation were used, and the median and interquartile range for those variables that
did not follow a normal distribution. For qualitative variables frequencies and
percentages were used. Afterwards, to verify the main objectives, a bivariate analysis
was performed. A contrast test of proportions based on the Chi-square test was used
in order to determine whether stimulation of the efferent loop with probiotics prior to
the closure of the protective ileostomy reduced the level of diversion colitis,
macroscopic and microscopic findings, as well as its relationship with the appearance

of symptoms of diversion colitis.

To quantify its level of association, Cramer’s Phi and V coefficients were
calculated. In order to correlate quantitative variables, the Spearman’s rank
correlation coefficient was used; 0.05 was considered to be significant. Statistical
analyses were performed using the statistical program SPSS © version 24.0 (IBM,
Armonk, NY, USA), with the support of calculation tools provided by the software

Microsoft Excel and R.

Ethical Aspects

The project was performed according to the guidelines of the Declaration of
Helsinki, with the authorization of the Ethics Coordinating Committee for Biomedical
Research of Andalusia, Spain, registered with the project number 2017/331191354.
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Written informed consent was requested to participate in the study, giving details of
both the study objectives and the methodology to be followed. The data was kept

anonymous, maintaining the confidentiality and anonymity of the participants.

4.3.4. Results

Study Population

Between January 2017 and December 2018, 83 disease free patients with
protective ileostomy after colorectal carcinoma resection were reviewed and included
in the surgical waiting list for intestinal transit reconstruction. 78 of them met the
endoscopic and histological criteria for diversion colitis diagnosis and 73 patients were
finally randomized into two groups, intervention (n = 35) and control (n = 38). 69
patients completed the study, 1 of them from SG and 3 from CG abandoning the study

due to anastomotic leak.

There were no significant differences between SG and CG in terms of
sociodemographic, clinical or surgical variables (Table 1). Symptoms of DC were
observed in 70.6% of patients in SG (abdominal pain in 44.1%, mucous rectal discharge
in 61.7%, rectal tenesmus in 14.7% and bleeding in 5.9%) and in 60% of patients in CG
(abdominal pain in 51.4%, mucous rectal discharge in 40%, rectal tenesmus in 5.7%

and bleeding in 11.4%).
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Table 1. Demographics and clinics characteristics in Stimulated and Control group.

Stimulated Group Non Stimulated Group
fn=34) n=35) F
Demographics
Age (years) 65 (45-81) 58 (41-80) 0.421
Sex Tatio (M:F) an %10 0170
BMI (kg/ n‘.::l 235 (21.6-32.6) 7 h{188-402) .04
ASA 0483
ASA I 3l 30
ASATH 3 ]
Smoker/ nonsmoker 20/14 B/12 0.526
Time between surgeries (months) * 12 (8-37) 4 (6-32) 0813
Clinic:
Asymptomatic 10{29.4%) 14 (40%5) {0.309
Abdominal pain 15(44.1%) 18 (51.4%;) (402
Tenesmus 5(14.7%) 2(57%) 0702
Mucous Discharge A (6L7) 14 (40%) 0117
Fectorrhagia 2{5.9%) $(11.4%) {668

BMI: body mass index; ASA: American Society of Anesthesiologists Classification; * Time from creation of stoma

to the closure of the protective ileostomy.

Main Endpoints

Macroscopic Findings

The effects of probiotic stimulation are shown in Figure 2. A homogeneous

distribution between SG and CG was observed in the pre-stimulation phase. Friability

of the colonic mucosa was seen in 100% of patients in both CG (n = 35) and SG (n = 34).

Differences were found in the post-stimulation phase where friability of the colonic

mucosa was seen in 100% of patients in CG compared to 58.8% in SG (n = 20), where

this symptom disappeared in 41.2% of patients (n = 14) with p < 0.001 and a Phiand V

Cramer coefficient of 0.948. Friability of the colonic mucosa had already disappeared

in both groups after reconstructive surgery in the short-term follow-up.

138



— Mucousfriabifity =~ = Mucowseresions = Ioflammetorypolves

56 . G 56 | G ‘ | 5G G
Pre Post he Pont Me Post e Pont Pre Post

e Pont
SUMSITON  SUMAIDON  SUMeAInOn  Stimuasen sumuation sumuanion Stmelation Stimlation  SEMUITION SEMUNLON SEMUSUON sTmuation

® Absent » Prevent u Absent ¥ Prevent RADSert & Prevent

G
Pre Post

Pre Post Pre e Post Pre fost Pre Pont
stimglation sUmUMtOn stimudaton sUmustion  stimuation stmuletion somuation sEmuation  stimedetion stimeletion stimuaton stmuston
ENcemal mME o Moderste 8 Severe ENormal aMId s Mogerste 8 Severe HNormal WM o Modenste B Severs

Figure 2. Macroscopic findings by endoscopy before and after stimulation in CG and SG in diversion colitis, A statistically

significant decrease in endoscopic pathological findings (mucosal friability, mucous erosions, polyps, edema, erythema and
stenosis) were observed in SG, with a p < 0.001.

The presence of ulcers in the colonic mucosa was found in 34.3% of patients in
CG (n =12) and 58.8% in SG (n = 20). These lesions were observed in colonoscopy after
stimulation with probiotics in 34.4% of patients in CG, unlike SG, in which it disappears
with p < 0.001 and a Phi and V Cramer coefficient of 0.693. The ulcers disappeared in

both groups after reconstructive surgery in the short-term follow-up.

Inflammatory polyps were present in 20% of patients in CG (n = 7) and 23.5% in
SG (n = 8). After stimulation with probiotics polyps were still present in 20% of CG
whether they reduced to 8.8% of SG (n = 3) with p &lt; 0.001 and a Phi and V
coefficient of Cramer 0.781. The inflammatory polyps disappeared in both groups after

reconstructive surgery in the short-term follow-up.
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Mucosal edema was present in 100% in both CG (n = 35) and SG (n = 34). The
distribution of CG according to endoscopic severity was 5 mild (14.3%), 20 moderate
(57.1%) and 10 severe (28.6%); contrasting with SG, 9 mild (36.5%), 18 moderate
(52.9%), and 7 severe (20.6%). Mucosal edema was maintained in colonoscopy after
stimulation with probiotics in 100% of CG with the same distribution of severity,
compared to SG, 22 mild (64.7%) and no edema in 12 patients (35.3%), with a p <
0.001 and a Phi and V Cramer coefficient of 0.670. The edema had disappeared in
85.7% in CG (n = 30) and 91.2% in SG (n = 31). In the short-term follow-up, after
reconstructive surgery, we observed mild edema in 14.3% in CG (n = 5) and 8.8% SG (n

= 3), with a p =0.479.

Mucosal erythema was present in 100% of both, CG (n = 35) and SG (n = 34).
The distribution of CG according to endoscopic severity was 3 mild (8.6%), 22
moderate (62.9%) and 10 severe (28.6%); in contrast to SG, 11 mild (32.3%), 16
moderate (47.1%), and 7 severe (20.6%). Mucosal erythema was maintained in
colonoscopy after stimulation with probiotics in 100% of CG with the same distribution
of severity, compared to SG, 15 patients (44.1%) and no erythema in 19 patients
(55.9%), with a p < 0.001 and a Phi and V Cramer coefficient of 0.976. In the short-term
follow-up, after reconstructive surgery, we observed erythema had disappeared in

both groups.

Bowel stenosis was present in 60% in CG (n = 21) and 64.7% SG (n = 22). The
distribution of CG according to endoscopic severity was 15 mild (42.9%) and 6
moderate (17.1%), compared to SG, 19 mild (55.9%) and 3 moderate (8.8%). Bowel
stenosis was maintained in colonoscopy after stimulation with probiotics in 60% in CG
with the same distribution of severity, compared to SG, 5 patients (14.7%) and no
stenosis in 29 patients (85.3%), with a p &It; 0.001 and a Phi and V Cramer coefficient

of 0.842. In the short-term follow-up, after reconstructive surgery, we observed
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stenosis had disappeared in 97.1% in CG (n = 34) and in 100% in SG (n = 34), witha p =
0.321.

Microscopic Findings

The effects of probiotic stimulation were depicted in Figure 3. A homogeneous
distribution between SG and CG was observed in the pre-stimulation phase. Lymphoid
follicular hyperplasia was present in 71.4% of patients in CG (n = 25) and 88.2% in SG (n
= 30) and was maintained after stimulation with probiotics in 71.4% in CG compared to
23.5% in SG (n = 8), being absent in 76.5% in SG (n = 26), with a p &It; 0.001 and Phi
and V Cramer coefficient of 0.683. In the short-term follow-up lymphoid follicular
hyperplasia had already disappeared after reconstructive surgery in both groups.
Eosinophils were present in 85.7% in CG (n = 30) and 76.5% in SG (n = 26) and it was
maintained after stimulation with probiotics in 85.7% in CG compared to 20.6% in SG
(n =7), being absent in 79.4% in SG (n = 27), with a p < 0.001 and Phi and V Cramer
coefficient of 0.518. In the short-term follow-up eosinophils were only present in 2.9%
after reconstructive surgery in both groups, with a p = 0.182. Crypt abscesses were
present in 20% in CG (n = 7) and 20.6% in SG patients (n = 7) and it was maintained
after stimulation with probiotics in 20% in CG, less when compared to SG in which
were absent in 100% of patients (n = 34), with a p &lt; 0.001 and Phi and V Cramer
coefficient of 0.666. In the short-term follow-up crypt abscesses had already
disappeared after reconstructive surgery in both groups. Lymphocytic infiltration of
the lamina propria was present in 94.3% of patients in CG (n =33) and 91.2% in SG (n =
31). The distribution of CG according to endoscopic severity was 17 mild (48.6%), 14
moderate (40%) and 2 severe (5.7%) while in SG it was 11 mild (32.4%) and 20
moderate (58.8%). Lymphocytic infiltration of the lamina propria was maintained in
94.3% in CG with the same distribution after stimulation with probiotics, compared to

SG with 18 mild (52.9%) and absence in 16 patients (47.1%), with a p < 0.001 and Phi
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and V coefficient of Cramer 0.692. In the short-term follow-up lymphocytic infiltration
of the lamina propria had disappeared in 85.7% in CG (n = 30) and 100% in SG (n = 34)
after reconstructive surgery, persisting in a mild form in 14.3% in CG (n =5), witha p =
0.004 and Phi and V Cramer coefficient of 0.442. Plasma cell infiltration was present in
94.3% in CG (n = 33) and 76.5% in SG (n = 26). The distribution of CG according to
endoscopic severity was 14 mild (40%) and 19 moderate (54.3%). However, it was
observed in SG 11 mild (32.4%) and 15 moderate (44.1%). Plasma cell infiltration was
maintained with the same distribution after stimulation with probiotics in 94.3% in CG
compared to SG with 9 mild (26.5%) being absent in 25 in SG (73.5%), with a p &lt;
0.001 and Phi and V Cramer coefficient 0.771. In the short-term follow-up plasma cell
infiltration had disappeared in 94.3% in CG (n = 33) and 97.1% in SG (n = 33) after
reconstructive surgery, persisting mild infiltration by lymphocytes in 5.7% in CG (n = 2)
and 2.9% in SG (n = 1), with a p = 0.190. Destructuring of the crypt architecture was
present in 100% in CG (n = 35) and 91.2% in SG (n = 31). The distribution of CG
according to endoscopic severity was 8 mild (22.9%), 19 moderate (54.3%) and 8
severe (22.9%), however in SG 4 mild (11.8%), 20 moderate (58.8%) and 7 severe
(20.6%) was observed. Destructuring of the crypt architecture was maintained, after
stimulation with probiotics, in 100% in CG with the same distribution, compared to SG
with 23 mild (67.6%), 2 moderate (5.9%) and absence in 9 patients (26.5%), with a p <
0.001 and Phi and V Cramer coefficient of 0.911. In the short-term follow-up
destructuring of the crypt architecture had disappeared in 85.7% in CG (n = 30) and
100% in SG (n = 34), persisting mild alteration of the architecture in 14.3% in CG (n = 5)
after reconstructive surgery, with a p = 0.002 and Phi and V Cramer coefficient of

0.471.
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Figure 3. Microscopic findings by histological study before and after stimulation in CG and SG in diversion colitis. A
statistically significant decrease in histologic pathological findings (follicular hyperplasia, eosinophils, cryptic abscesses,
lymphocyte infiltration, plasma cell infiltration and architecture distortion) were observed in SG, witha p < 0.001

Secondary Endpoints

We found a homogeneous distribution in the diversion colitis degree in pre-
stimulation phase between SG and CG (p = 0.911), with 9 patients with severe
diversion colitis in both groups (26.5% SG vs 25.7% CG), 23 patients with moderate
diversion colitis in both groups (67.6% SG vs 65.7% CG) and 2 patients with mild
diversion colitis in SG (5.9%) versus 3 patients in CG (8.6%). The associated symptoms
were abdominal pain, mucous discharge, urgency, and rectal bleeding (Table 1).
Abdominal pain was present in 44.1% of patients in SG (n = 15) and 51.4% in CG (n =
18). Mucous discharge was present in 61.7% of patients in SG (n = 21) and 40% in CG (n
= 14). Tenesmus appeared in 14.7% in SG (n = 5) and 5.7% in CG (n = 2). Rectorrhagia
was observed in 5.9% in SG (n = 2) and 11.4% in CG (n = 4).
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In the post-stimulation phase, CG maintains its distribution with 9 patients with
severe diversion colitis (25.7%), 23 patients with moderate diversion colitis (65.7% CG)
and 3 patients with mild diversion colitis (8.6%); on the other hand, SG shows no
patients with severe diversion colitis (n = 0), 3 patients with moderate diversion colitis
(8.8% CG), 19 patients with mild diversion colitis (55.9%) and 12 patients with normal
endoscopic and histological findings (35.3%), achieving a p < 0.001 and a Phi and V
Cramer coefficient of 0.834. After stimulation and reconstructive surgery, DC
symptoms were present in 100% in CG (n = 35) compared to 14.7%in SG (n = 5) with a
p < 0.001 mand Phi and V coefficient of Cramer 0.789. The associated symptoms in CG
were diarrhea in 85.7% (n = 30), abdominal pain in 57.1% (n = 20), urgency in 34.3% (n
= 12) and rectal bleeding in 5.7% (n = 2). The associated symptoms in SG were
abdominal pain in 11.7% (n = 4) and tenesmus in 5.9% (n = 2). In the post-stimulation
phase, CG maintains its distribution with 9 severe DC (25.7%), 23 moderate DC (65.7%
CG) and 3 mild DC (8.6%); on the other hand, SG shows no patients with severe DC (n =
0), 3 patients with moderate DC (8.8% CG), 19 patients with mild DC (55.9%) and 12
patients with normal endoscopic findings (35.3%), achieving a p < 0.001 and Phi and V

Cramer coefficient of 0.883.

Finally, during the short-term follow-up after reconstructive surgery, symptoms
were present in CG with 28.6% (n = 10) compared to 71.4% who were asymptomatic (n
= 25). SG showed 100% asymptomatic patients after surgery, with p &lt; 0.001 and a
Phi and V mCramer coefficient of 0.406. The persistent symptoms in CG were diarrhea

28.6% (n = 10), abdominal pain 22.8% (n = 8) and tenesmus 5.7% (n = 2)

4.3.5. Discussion

In our study, macroscopic and microscopic alterations associated with DC
dysbiosis were observed in both CG and SG without observing a statistically significant

relationship between severity, symptoms, or time since the creation of the stoma,
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findings similar to those published in previous studies [15,16,25—-28]. There does seem
to be a significantly strong relationship between stimulation with probiotics and the
decrease in endoscopic and histological severity on one hand, and between,
stimulation with probiotics and the decrease in symptoms after reconstructive surgery
on the other. In our series, symptoms associated with DC were presented in 100% of
patients in CG compared to 14.7% in SG with a Phi and V Cramer coefficient that
indicates a relatively strong relationship between stimulation with probiotics and the
appearance of symptoms after the closure of the ileostomy; a fact that we believe is
related to the decrease in dysbiosis in the defunctionalized segment of the colon and
which was maintained in the short term. This dysbiosis activates metabolic products
that produce an immune response, causing an attack on the colonic mucosa and
affecting the function of the regulatory immune cells that normally promote its
homeostasis [25]. Its decrease causes an improvement in structural changes, such as
atrophy of villi in the defunctionalized limb, and in consequence produces a loss of
smooth muscle area and a reduced isometric contractility with loss of the intestinal
absorption capacity [18]. Intestinal dysbiosis has been linked to the pathogenesis of
numerous chronic diseases, such as inflammatory bowel disease, and has been studied

in order to identify its correction obtaining variable results [4,26].

Most of the clinical research on DC was carried out during the 90’s and early
2000’s with the aim of identifying the molecular mechanisms that triggered this
disease, its endoscopic and histological characteristics, and its relationship with the
microbiota alteration [21,29-32]. In the last two years, two studies have been
published regarding intestinal microbiota, Mishima [4] and Knox [33]; to which we
must add, on the one hand, the latest systematic review on diversion colitis published
by Kabir et al. [16] in 2014 that reviews a total of 3305 articles, eventually including 35
studies, and analyses the pathophysiology, clinical presentation and treatment of
diversion colitis which concludes that there is a great variability of forms of

presentation and a single definitive treatment, which is the reconstruction of the
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transit. Results on preoperative stimulation prior to the closure of the protective
ileostomy published by Rombey et al. [23] in 2019, including 8 studies with a total of
267 patients, despite the promising initial results, show that there is no sufficient
quality evidence to recommend routine implementation of preoperative bowel

stimulation in clinical practice.

Based on studies such as the one published by Morgan et al. in 2020 [34], which
demonstrated the important role of the intestinal microbiome in the development of
microscopic colitis and the regression of inflammation after reconstructive surgery, we
considered that stimulation with probiotics prior to closure of the protective ileostomy
would allow the altered autoimmune function to be normalized, restore homeostasis,
and reduce mucosal inflammation, achieving the reduction or disappearance of the
macroscopic and microscopic changes associated with it. This initial hypothesis seems
to correlate with the results we have obtained, achieving a remission in endoscopic
and histological findings of DC in SG, as we can see in Figure 2 and Figure 3, where a
significant remission in SG was observed compared to CG after stimulation with
probiotics prior to closing the protective stoma. This remission in endoscopic and
histological findings had already been studied in previous clinical trials, in experimental
models and phase Ill studies, through stimulation with different substances such as
nutritional solutions, fecal transplantation, short chain fatty acid enemas (SCFA) such
as butyrate, 5-aminosalicylate acid (5-ASA), glucocorticoids, sucralfate and N-
acetylcysteine among others, with different results [15-18,35-40]. Most of them
showed inconsistent results, although there seems to be a decrease in intestinal

mucosa inflammation, remission epithelial lesions and neutrophils.

The results of this study, at the macroscopic level, demonstrated a significant
decrease in all endoscopic findings in SG compared to CG, with a strong correlation
between stimulation of the efferent loop with probiotics and a decrease in

macroscopic findings on colitis. It was worth highlighting a notable decrease in the
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severity of the edema and mucous erythema, turning from severe or moderate to mild
or simply disappearing, a fact that we relate to the anti-inflammatory effect of
probiotics, and a complete disappearance of the ulcers in the SG after the stimulation
phase, also with an intense correlation, as we can see in Figure 2 and Figure 4. Ulcers
associated with DC in humans were an inconsistent finding. There seems to be an
association with late structural changes on the superficial epithelium [15,16]. In our
study, the patients with mucous ulcers were those living more time with the stoma.
These findings were consistent with previous observations made in humans and animal

models [37,38].

Morphological studies about colonic biopsies in patients with ileostomy have
shown chronic inflammation in more than 50% of the samples, with an increase in
lymphoid tissue in 100% of the cases [15,40]. The most significant histologic finding in
DC is lymphoid follicular hyperplasia, which was present in experimental models and
patients 60 days after the creation of the stoma [20], with infiltration of the mucosa by
lymphocytes that can be from mild to severe. Pacheco et al. described lymphoid
follicular hyperplasia in 100% of the cases in animal models, and crypt atrophy in
approximately 24% after six weeks of the stoma creation and 42% after 17 weeks
[37,38]. In our study, histopathological changes were characterized, as in previous
studies, mainly by lymphoid follicular hyperplasia and lymphocytic infiltration of the
lamina propria, with destructuring of the crypt architecture and cryptitis in those
patients with a longer time since the stoma was created. A significant remission in
microscopic alterations in SG compared to CG was seen, with an intense correlation
between stimulation of the efferent loop with probiotics and the decrease or
disappearance of histological alterations, as we can see in Figure 3 and Figure 4. As we
have commented previously, these findings could be explained by the ability of
probiotics to interact with the intestinal mucosa, decreasing the molecular production

of pro-inflammatory substances, and thereby reducing the migration capacity of
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inflammatory cells to the lamina propria, such as lymphocytes, eosinophils, and plasma

cells.

Figure 4. Endoscopic and histopathological findings of diversion colitis. (A-B): Pre-stimulation colonoscopy showed
easily hemorrhagic mucosa, with edema, spontaneous bleeding, erythema and stenosis (B), (C-D): Biopsies after probiotics
stimulation demonstrated only low-grade inflammation and edema, with diffuse erythema (D), without erosions and
friability mucous. (B-Fy Pro-stimulation histopathological evaluation of coloa blopsies with hematoxy lin and eosin staining
showed inflammation with lymphoplasmocytic infiltration, folliculas lymphoid hyperplasia, orypt abscesses, and crypt
architecture distortion. (G-H): Biopsies after probiotics stimulation demonstrated a low -grade inflammation with reduced
crypt abscesses, lymphoplasmocytic infiltration, follicular lymphoid hyperplasia, and crypt architecture distoetion.

The observations presented here demonstrate that the decrease in endoscopic
and histological findings associated with the decrease in inflammation means that
stimulation of the efferent loop of the ileostomy with probiotics can be an alternative
treatment in patients with symptomatic DC who are not candidates for reconstructive
surgery as a treatment to resolve the colonic inflammation. Finally, the stimulation of
the efferent loop with probiotics can be an alternative treatment to resolve the

inflammation in patients whose surgical option is not feasible or available.
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There are few studies on endoscopic and histopathological DC after
reconstructive surgery, with limited information on follow-up. A Korean study
published by Son et al. [27] found an incidence of symptomatic DC in 63.3% of patients
with ileostomy, remaining in 46.6% six months after its closure. Szczepkowski et al.
[15] observed in their 2017 study a persistence of macroscopic and microscopic
inflammation in patients with a diagnosis of DC at three months and five years after
the reconstructive surgery. In this study, limited by a small sample size, the endoscopic
and histological manifestations of DC decreased after reconstructive surgery,
observing reappearance of the inflammation in the colonic mucosa in the long term. In
the short-term follow-up after reconstructive surgery, a significant correlation was
observed between stimulation of the efferent loop with probiotics and the
disappearance of the symptoms associated with DC in SG compared to CG, observing a

persistence of DC in the CG of around 30% after closure of the ileostomy.

4.3.6. Conclusions

Therefore, we can conclude that stimulation of the efferent loop with
probiotics seems to have a reducing effect on the endoscopic and histopathological
alterations in DC and consequently, this procedure can be an alternative treatment for
patients where surgical option is not feasible or available. Nevertheless, we will need
more multicenter studies based on macroscopic and microscopic changes after

stimulation prior to closure ileostomy to support these conclusions.
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4.4. Serological biomarkers and diversion colitis: changes after stimulation with

probiotics

El estudio que se presenta a continuacion ha sido publicado con la siguiente
referencia: Rodriguez-Padilla A, Morales-Martin G, Pérez-Quintero R, Gémez-Salgado J,
Ruiz-Frutos C. Serological Biomarkers and Diversion Colitis: Changes after Stimulation

with Probiotics. Biomolecules. 2021 May 2;11(5):684. doi: 10.3390/biom11050684.
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4.4.1. Abstract

Diversion colitis is a non-specific inflammation of a defunctionalised segment of the
colon after a temporary stoma has been performed. This inflammation is associated
with an alteration of certain inflammatory serum markers. The aims of this study were,
firstly, to evaluate the modification of inflammatory biomarkers after stimulation with
probiotics prior to closure of the protective ileostomy. Secondly, to identify if a
relationship could be established between the severity of diversion colitis and the
alteration of inflammatory biomarkers in the blood. A prospective, randomized,
double-blind, controlled study was conducted. Patients who underwent surgery for
colorectal carcinoma with protective ileostomy between January 2017 and December
2018 were included, pending reconstructive surgery and with diversion colitis as
diagnosis. The sample was randomly divided into a group stimulated with probiotics
(SG) (n = 34) and a control group (CG) (n = 35). Histological and endoscopic changes
were evaluated after stimulation, after restorative surgery and during the short-term
follow-up after surgery, including the correlation with pro-inflammatory biomarkers in
blood. As main findings, a significant decrease in C-reactive protein (CRP),
Neutrophil/lymphocyte ratio (NLR ratio), and monocyte/lymphocyte ratio (LMR ratio)
was observed in the SG versus the CG with a p < 0.001. A significant increase in
transferrin values and in the platelet/lymphocyte ratio (PLR) was observed in the SG
versus CG after stimulation with probiotics with a p < 0.001. A normalisation of CRP
and transferrin levels was observed in the third month of follow-up after closure
ileostomy, and NLR, LMR and PLR ratios were equal in both groups. Decreased
modified Glasgow prognostic score was found in SG compared to CG after probiotic
stimulation (p < 0.001). The endoscopic and histological severity of diversion colitis is
associated with a greater alteration of blood inflammatory biomarkers. The stimulation
with probiotics prior to reconstructive surgery promotes an early normalization of

these parameters.
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4.4.2. Introduction

Diversion colitis (DC) is an inflammation produced in a defunctionalised
segment of the colon after a temporary stoma has been performed [1]. Described by
Glotzer et al. in 1981 [2], it is characterized by endoscopic findings such as mucouse
friability, edema, erythema, appearance of polyps, ulcers, stenosis and microscopic
findings such as lymphoid follicular hyperplasia, infiltration of the lamina propria by
lymphocytes, eosinophils, the appearance of plasma cells, architectural disruption, and
the appearance of crypt abscesses [1]. Chronic inflammation produces an increase of
serum biomarkers, like other systemic inflammatory diseases such as gastrointestinal
tumor, systemic lupus erythematosus, inflammatory bowel disease and cardiovascular
disease [3-6]. The Glasgow Pronostic Score (GPS) and its modified scale (mGPS) were
used to quantify the inflammatory state, based on serum levels of C-reactive protein
(CRP) and albumin [7]. High levels of CRP, acute phase reactant, and low levels of
albumin, related to malnutrition and intestinal disorders, reflect a systemic
inflammatory response. These can be used as prognostic predictors, already available
in daily practice [8], together with other inflammatory response biomarkers (IRB) such
as transferrin, the neutrophil/lymphocyte ratio (NLR), the platelet/lymphocyte ratio

(PLR) and the lymphocyte/monocyte ratio (LMR).

The definitive treatment for diversion colitis is the restoration of bowel
continuity [1,9]. Pharmacological treatments using instillations with short-chain fatty
acids, mesalazine fiber or corticosteroids are reserved for patients who are not
candidates for surgical treatment or for stimulation of the efferent loop prior to

surgery [10-12]. Continuing on this line of research, the efferent loop has been
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stimulated through probiotics, which interact with the intestinal mucosa, decreasing

the production of pro-inflammatory substances [13].

Probiotics are defined as live microorganisms that, when administered in adequate
amounts, confer a health benefit on the host [13-14]. Probiotics and their metabolic
products have been proposed as food supplements to achieve a healthier intestinal
homeostasis and also as a treatment for pathologies with an important inflammatory
component. Currently available probiotics, aimed at other pathologies with
inflammatory conditions, produce a modulating effect in a transitory and limited way

[15-18].

This study has two objectives. Firstly, to evaluate the modification of
inflammatory biomarkers after stimulation with probiotics prior to closure of the
protective ileostomy. Secondly, to identify if a relationship could be established
between the severity of diversion colitis and the alteration of inflammatory biomarkers

in the blood.

4.4.3. Materials and methods

Study Design

Prospective, randomized, multicenter, double-blind experimental study,
comparing two groups of patients operated for colorectal carcinoma with protective
ileostomy. The intervention group included patients treated with stimulation of the
efferent loop with probiotics prior to transit reconstruction surgery; the control group

was not treated with any substance.
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Sample Size

The sample size was calculated according to the cut-off values of inflammatory
biomarkers ROC curves published in previous studies [3-8]. 50% of
reduction/normalisation of pathological biomarkers (100-50%) was assumed. With an
adjustment loss of 15%, 30 patients per group were required. 34 patients were
recruited for the stimulated group (SG) and 35 patients for the control group (CG) for a

confidence level of 95% and a power of 0.8.

Selection of Patients

Between January 2017 and December 2018, all the patients from the three
participating centres included in the surgical waiting list for temporary stoma closure
after colorectal carcinoma were consecutively assessed to determine their inclusion in
the study. The inclusion criteria were being over 18 years of age, disease-free having
protective ileostomy after colorectal carcinoma surgery, with endoscopic and
histological confirmation of diversion colitis and having signed the informed consent.
The exclusion ncriteria being clinical history and histological confirmation of
inflammatory bowel disease with colorectal involvement and refusal to participate in
the study. Abandonment criteria were loss during follow-up, exitus, and anastomotic

leakage after stoma closure.

During the study, 83 patients with protective ileostomy after colorectal
carcinoma resection were assessed and included in the surgical waiting list for
intestinal transit reconstruction. 78 of them met the endoscopic and histological
criteria for diversion bcolitis diagnosis and 73 patients were finally randomized into
two groups, intervention (n = 35) and control (n = 38). 69 patients completed the
study, 1 of them from SG and 3 from CG abandoning the study because of anastomotic

leakage. The selection flowchart of the study patients is shown in Figure 1.
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Randomization

A colonoscopy, including biopsies for histological study, was performed on all
patients selected to participate in the study. After confirming the diagnosis, level of
colitis (based on the Harig scoring system) [19], and excluding patients who did not
meet the selection criteria, randomization was performed. Randomization was
performed by using a computer-generated sequence (Statistical software EPIDAT
version 4.2. Conselleria de Sanidade, Xunta de Galicia, Espafa; Organizacion

Panamericana de la Salud (OPS- OMS); Universidad CES, Colombia).
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Endoscopic and Histopathological Examination

Colonoscopies with random biopsies were performed on all patients to exclude
those who did not have diversion colitis. Three endoscopists performed the
endoscopies with a Silver Scope Storz ® colonoscope. The endoscopic findings were
expressed according to the scoring system by Harig et al., including erythema, oedema,
friability, polyps, granularity, stenosis, and erosions. Every finding was scored in a scale
from 0 to 1 or from 0 to 3, obtaining the colitis degree by adding them. The total score

was categorised as absent, mild, moderate, or severe.

The histopathological analysis was assessed by three independent
histopathologists. Samples of colon were fixed in buffered formalin and stained with
Haematoxylin and eosin (H&E). In the same way as in the endoscopy, DC was
diagnosed by evaluating the appearance of follicular Ilymphoid hyperplasia,
eosinophilic, lymphocytes and plasma cells infiltrations and crypt architecture
distortion. Every finding was scored in a scale from 0 to 1 or from 0 to 3, obtaining the
grade of colitis by adding them. The total score was categorised as absent, mild,

moderate or severe.

Both endoscopic and histopathological studies were performed after

stimulation and 3 months after reconstruction of intestinal continuity.

Determination of Serum Biomarkers

Blood extraction was performed. Basal levels of CRP and serum albumin were
determined to calculate mGPS. A white blood cell count and transferrin determination
were performed in a routine blood analysis in each hospital to establish the IRB,

establishing cut-off values based on ROC curves.
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These determinations were repeated after the completion of the stimulation
phase, preoperatively, and in the third month of follow-up after surgery, correlating
the pre and postoperative values with the endoscopic and histological alterations and

persistence of diversion colitis.

Randomization and Intervention

After confirming the diagnosis and excluding patients who did not meet the
selection criteria, randomization was performed creating two groups by using a
computer-generated sequence on EPIDAT (Statistical software EPIDAT version 4.2.
Conselleria de Sanidade, Xunta de Galicia, Espafia; Organizacién Panamericana de la

Salud (OPS-OMS); Universidad CES, Colombia):

Stimulation group (SG): preoperative stimulation with probiotics of the distal
limb of the ileostomy loop was performed during the 20 days prior to surgery every
second day. During the process and after it, the patient himself registered the
appearance of symptoms after each stimulation session: abdominal pain, emission of
gas and stool. A sterile Foley catheter No.14 Ch connected to an infusion set was
introduced through the defunctioned bowel. This was done to allow slow infusion of a
solution of 4.5 mg of probiotics diluted in 250 mL of 0.9% physiological saline for 20-30
min. Each preparation was made under sterile conditions and maintaining the cold
chain. Vivomixx ® lyophilized live bacteria, marketed by MENDES, S.A, contained 4.5 x

10 11 of live bacteria in each preparation:
o Four strains of Lactobacillus:
* Lactobacillus acidophilus DSM 24735 ©
» Lactobacillus plantarum DSM 24730 ©

* Lactobacillus paracasei DSM 24733 ®
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* Lactobacillus delbrueckii subsp. bulgaricus DSM 24734 ©
o Three strains of Bifidobacterium:

= Bifidobacterium breve DSM 24732 ©

* Bifidobacterium longum DSM 24736 ©

= Bifidobacterium infantis DSM 24737 ©
o One strain of Streptococcus

» Streptococcus thermophilus DSM 24731 ©

Control group (CG): exactly the same procedure was carried out, but with the
closed infusion set. During the process and after it, the patient himself registered the
appearance of symptoms after each stimulation session: abdominal pain, emission of

gas and stool.

After ten stimulation sessions, 24 h before surgery, a colonoscopy with biopsy
was performed on all patients, re-quantifying the index of severity of endoscopic and

histological diversion colitis.

Surgery and Follow-Up

The reconstruction surgery was carried out by three expert surgeons from the
Colorectal Surgery Department. A parastomal incision was made and carried out
sharply into the peritoneal cavity. The anastomosis was lateral-lateral, either manual
or mechanical, according to the decision of the surgeon. Every surgeon could decide
whether to change to a median laparotomy procedure or not. Complications or events
happened during surgery were recorded in the surgical procedure protocol. General
anesthesia was given to all patients and, after extubation and stabilization in the

postoperative recovery room, they went directly to the hospitalization ward.
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Follow-up during hospitalization was carried out by the team of the Colorectal
Surgery department of every center, recording any postoperative complications.
Patients were discharged from the hospital after re-establishing intestinal transit,

adequate oral tolerance and stool control, recording the length of their hospital stay.

Follow-up after hospitalization was carried out by the Colorectal Surgery team
in the first, third and sixth postoperative months. These evaluations were performed
by the colorectal surgeon who had performed the surgical intervention in each patient.
Any symptomatology related to the intervention was recorded, with special
monitoring of abdominal pain, number and control of stools, mucous discharge,
tenesmus and rectorrhagia. After completing a three-month follow-up, a colonoscopy

with biopsies was performed to evaluate the presence and grade of DC.

Blinding

To ensure blinding of the patients, all underwent the same diagnostic
procedure. During the stimulation sessions, both the solution with probiotics and the
infusion set were covered by an opaque protective envelope, which prevented
observing the colour and transparency of the fluid, or whether the system was open or
closed. The stimulation sessions were performed by a single surgeon, who was also in

charge of preparing the dilution.

The endoscopist, the pathologist and the surgeon who performed the surgical
intervention and the follow-up, as well as surgeons who participated, after the surgery,
in the hospitalization process, did not know whether the patient had received

probiotics or not.
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Assessment Criteria

The aim was to determine the relationship between diversion colitis and the
increase of serum biomarkers and their modification after stimulation of the efferent
loop with probiotics prior to closure of ileostomy in patients operated on colorectal
carcinoma. The results were compared with the control group in the following
situations: basal levels, after stimulation and at the third month of follow-up. The
study also aimed to determine whether there is a relationship between the levels of
severity of diversion colitis, both endoscopic and histological, and the alteration of pro-

inflammatory biomarkers in the blood.

Statistical Analysis

A descriptive univariate analysis of sociodemographic and clinical variables was
performed. The Kolmogorov-Smirnov test was used to verify the normality of the
guantitative variables. To describe the quantitative variables, the mean and standard
deviation were used, along with the median and interquartile range for those variables
that did not follow a normal distribution. For qualitative variables, frequencies and

percentages will be used.

The precision of each biomarker was evaluated by ROC (Receiver Operating
Characteristic) curves to determine the optimal cut-off point for NLR, PLR, and LMR.
Subsequently, a univariate test was performed to verify the main objectives. The box-
plot graphics allowed to visualise the results in terms of response rates and CRP levels.
Biochemical parameters were performed using the Fisher’s test or the chi-squared test
for categorical variables, and the Mann—Whitney test for variables without normal
distribution. Comparisons within each group to evaluate the modification of
histological and endoscopic severity, CRP, and biochemical parameters were analysed

using paired Wilcoxon and t-test. A p &lt; 0.05 was considered to be significant.
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Statistical analyses were performed using the statistical programme SPSS ® version
24.0 (IBM, Armonk, NY, USA), with the support of calculation tools provided by the

Microsoft Excel and R Commander software.

Ethical Aspects

The project was performed with the consent of the Ethics Coordinating
Committee for Biomedical Research of Andalusia, Spain, and registered with the
project number 2017/331191354. Written informed consent was requested to
participate in the study, giving details of both the study objectives and the
methodology to be followed. The data was kept anonymous, maintaining the

confidentiality and anonymity of the participants.

Tabile 1. Sociogemographic and clinical vanables and endoscopic and histological severily index of diversion colilis
betwaen the stimalaled group (3G) and the contral group (CG).

Stimulated Group Conlrol Group

(n = 34) n = 35) L
Demagraphics
Age (years) 65 [45-81) 66 (41-80) 0421
S ratio (M:F) 2311 2510 0,170
BMI (kg/m) 23.5 (21.6=32.6) 216 (16.8-40.2) 0.091
ASA (0.483
AxA L H 30
ASA a 5
Srnokannon-smaker 20114 Pl 0.626
Tima batwean surgary (manths) * 12 (B=37) 9(8=32) 0813
Clinic
Asymptomatic 10 (20.4%) 14 (4%) 0.30%
Abdominal pain 15 (44.1%) 18 (51.4%) 0402
Tenasmus 5(14.7%) 2 (5.7%) 0.702
Mucous Discharge 21(61.7) 14 (40%) 0117
Rectorrhagia 2(5.9%) 4 (11.4%) 0,668
Endoscopic severity
Miild 2 (5.9%) 3 |B.6%) 0511
WModerata 23 (67 .6%) 23 (B5.T%) 0648
Savara B (26.5%) 9 (25.7%) 0404
Hisiological sevefily
hild 4 (11.8%) 3 (8.6%) 0473
Woderate 21(61.7) 23 (B5.7%) 0.321
Severe 8 (26.5%) 9 [25.7%) 0518

BMI: body mass index. ASA: Amencan Sociely of Anosthesiologists Classification, * Time from creation of sioma o tha
clogaure of the probective Secstomy
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4.4.4. Results

Sociodemographics

There were no significant differences between SG and CG in terms of

sociodemographic, clinical or endoscopic and histological severity (Table 1).

Serological Biomarkers

The determination of the inflammatory markers was performed in different
phases (Figure 2). No differences were found between SG and GC in the baseline
determinations of CRP (p = 0.299), NLR (p = 0.457), LMR (p = 0.144), PLR (p = 0.150), or
transferrin (p = 0.746).

Serum CRP [pg/mL) Transferrin {mg/dL}
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A significant decrease in the CRP value was observed in the SG after completing
the stimulation phase (pre-stimulation CRP = 7.82 ug/mL and post-stimulation CRP =
4.09 pg/mL) compared to the CG that maintains high CRP values (pre-stimulation CRP =
8.42 pg/mL and post-stimulation CRP = 8.28 pg/mL), p < 0.001. At the three-month
follow-up, the CRP values normalized, with CRP levels of 2.9 pg/mL in the CG and 1.58
pg/mL in the SG. NLR count figures significantly decreased in the SG from pre-
stimulation (NLR = 2.58) to post-stimulation (NLR = 1.72) p &It; 0.001, while the figures
of NLR in CG remained high (pre-stimulation NLR = 2.74 and post-stimulation NLR =
2.75), p < 0.001. At the three-month follow-up, the NLR ratio normalised in both
groups, with an NLR value of 1.46 in the CG and of 1.57 in the SG. Regarding the LMR
count a significant reduction was found in the SG after completing the stimulation
phase (pre-stimulation LMR = 4.22 and post-stimulation LMR = 3.24), p &It; 0.001. The
CG remained high LMR ratio (pre-stimulation LMR = 4.62 and post-stimulation LMR =
4.42). At the three-month follow-up, the LMR ratio normalized in both groups, with
LMR value of 2.40in the CG and 2.66 in the SG. Result showed a significant increase in
the PLR count in the SG after completing the stimulation phase from pre-stimulation
PLR = 126.82 to post-stimulation PLR = 150.04, p &lt; 0.001. Regarding the CG, the PLR
score remained low (pre-stimulation PLR = 138.18 and post-stimulation PLR = 138.74).
At the three- month follow-up, the PLR ratio normalized in both groups, with a PLR
value of 161.54 in the CG and 167.67 in the SG.

Regarding transferrin values, they increased from 184 mg/dL to 238 mg/dL in
the SG after completing the stimulation phase, but the CG maintained low transferrin
values (pre-stimulation 181 mg/dL and post-stimulation 185 mg/dL), p &It; 0.001. At
the three- month follow-up, transferrin values normalized, with 265 mg/dL in the CG
and 289 mg/dL in the SG. The m-GPS was calculated in both groups without finding
statistically significant differences in the baseline determination of both groups. The
m-GPS in the CG was 1 in 65.7% of the patients (n = 23) and 2 in 34.3% (n = 12

patients), which figures that remained stable after stimulation. The m-GPS in the SG
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was 1 in 64.7% of the patients (n = 22) and 2 in 35.3% (n = 12 patients). After
stimulation, the m-GPS in SG was 0 in 91.2% of the patients (n =31) and 1in 8.8% (n =

3 patients), finding a significant decrease compared to the CG, p < 0.001.

Endoscopic/Histological Severity and Serological Biomarkers

When comparing the mean values of the different serological determinations
by histological and endoscopic severity in DC, we found that patients with high severity
index had higher mean values in the determination of CRP, NLR, and LMR, and lower
mean values in the determination of PLR and transferrin. Nonetheless, these
differences were not statistically significant (Table 2). There were no differences

regarding baseline determinations between SG and CG.

After the stimulation phase, the increase in CRP, NLR, and LMR values was
maintained in CG, being higher in the most severe cases of DC, without finding
statistically significant differences. Likewise, no significant differences were found
when comparing PLR and transferrin associated with the most severe index of DC
(Table 2).After the stimulation phase, a decrease in the mean values of CRP, NLR, and
LMR was observed in the SG with moderate and mild severity index and absence of
histological and endoscopic DC. Although these differences were not statistically
significant when compared with each other, when they were compared with baseline
levels, a p < 0.001 was obtained. Likewise, there was no statistically significant increase
in the mean values of PLR and transferrin in the group of moderate and mild severity
index and absence of histological and endoscopic DC, but statistically significant

differences were found when compared with baseline levels, with a p < 0.001 (Table2).
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Table 2. Inflammatory markers according to endoscopic + histological severity index before and
after stimulation.

Serum CRP
Severity Index Stimulated Group (n = 34) Control Group in = 35)
n¥ Me Rl n Me K1
Severe Q 1103 +40 g 1216 +3.14
Pre-stimulation  Moderate 71 1051 43,37 73 101 +1.96
Mild 4 5.27 +0.37 3 7.83 +1.53
Severe - - g 1196 +29]
_ _ Moderate 3 7.35 +3.06 73 9.95 +2 (9
Post-stimulation Mild 19 3.8 +1.72 3 7.67 +1.38
Absent 12 42 +1.03 - -
MLE ratio
Pre-stimulation Severe Q 317 +1.53 o 202 +0.65
Moderate 71 3.01 +1.1 73 2 87 +0.32
Mild 4 258 +0.94 3 262 +0.47
Severe - - 3 298 +0.73
_ _ Moderate 3 1.97 +0.85 73 283 +0.30
Post-stimulation 4, 4 19 7 +0.46 3 254  +045
Absent 12 2.30 +1.28 - -
LME ratio
Severe 9 482 +0.63 g 499 +0.3
Pre-stimulation  Moderate 1 424 +0.31 3 462 +1.47
Mild 4 3.96 +1.17 3 444 +0.30
Severe - - g 499 +0.57
_ _ Moderate 3 375 +0.36 73 431 +0.27
Post-stimulation 4, 4 19 311 +0.71 3 436 027
Absent 12 372 +1.06 , ,
PLE ratio
Severe 9 11474  +l1979 g 13037 41927
Pre-stimulation  Moderate 7 12187  +2083 3 13482 4931
Mild 4 131.76 43,56 3 14208 +195
Severe - - g 13266 +18.08
_ _ Moderate 3 15450  +£260F 23 13457 +816
Post-stimulation Mild 19 158.37 43,56 3 14090  +184
Absent 12 153.61 +31.31 - -
Serum Transferrin
Severe Q 174.65 +43.14 o 174.55 +10.51
Pre-stimulation  Moderate 1 184 95 +32.01 3 184,34 +10.09
Mild 4 19660  +1753 3 N6 +£2150
Severe - - o] 17411 +0.08
_ _ Moderate 3 MEEE AR 3 18230 +11.05
Post-stimulation Mild 19 /20 +4230 3 N7.33 43807
Absent 12 232235  +3553 . .

T desseribe the quantitative variables, te median (Me) and interguartile range (Rl were used. CEP: C-peactive pro-
fin. NLE (neutrophil-to-ly mphooyie ratio). LME (lrophocy be-to-monocyte ratio). FLE (platelet-to-lrmphooy s
ratio). n* of the stimulated group changes because the stimmulation with probiotics produces a decrease in the
endoscopic and histological severity of diversion colitiz.
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Safety and Adverse Effects

No serious complications were reported following the consumption of the
probiotics in participants throughout the stimulation. Abdominal pain was the only
symptom observed during stimulation, which was present in 20.5% of patients SG (n =
7) compared to 14,3% CG (n = 5) (no statistically significant differences). Abdominal
pain was evaluated using the visual analog scale (VAS). Pain was moderated in SG, only
present in the first stimulation sessions and disappearing afterwards. Pain was mild-

moderate in CG in all stimulation sessions and disappeared after their completion.

4.4.5. Discussion

This is the first published randomized, double-blind study linking DC with
alterations in inflammatory biomarkers. In this study, it was observed that serological
pro- inflammatory biomarkers improved after stimulation with probiotics in SG
compared to GC. The stimulation of the efferent loop with probiotics also improved
the inflammation of the excluded colon mucosa, decreasing the inflammatory severity
index and the inflammatory serum biomarkers. The differences for the studied
biomarkers were statistically significant, p < 0.001. We observed a relationship
between alterations in inflammatory biomarkers and endoscopic and histological

severity index, although these findings were not statistically significant.

Several studies have been published about an alternative treatment to surgery,
both in experimental models and phase Ill studies. The alternative to surgery consists
in stimulation with different substances such as nutritional solutions, fecal
transplantation, short-chain fatty acid (SCFA) enemas such as butyrate, acid 5
aminosalicylate (5-ASA), glucocorticoids, sucralfate and N-acetylcysteine among
others, with different results [1,9,20-32]. Most of them showed inconsistent results,

although there seems to be a decrease in intestinal mucosa inflammation, epithelial
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lesions and neutrophil infiltration. Nowadays the most successful treatment is the
closure of the protective ileostomy. However, there are no studies that mention
whether these patients or experimental animals concomitantly present increase of
inflammatory biomarkers. These serological alterations have been described and
studied in pathologies such as inflammatory bowel disease, seeking the correction of
these inflammatory parameters associated with dysbiosis, also with variable results
[15-17]. For this reason, our results are encouraging, since they demonstrate a
reduction in inflammatory parameters prior to the reconstruction of the transit, thus
being a possible alternative for those patients who are not candidates for surgical
treatment. The only side-effect was the appearance of colicky abdominal pain in 20.5%
of the patients (n = 7), valued as moderate pain using the visual analog scale (VAS) and
only associated with the first stimulation sessions, and disappearing afterwards. This
effect has already been described in studies with stimulation of the efferent loop with

short chain fatty acids [9,11,19].

The relationship between inflammatory biomarkers and probiotics has been
studied in other pathologies such as acute diarrhea in adults, inflammatory bowel
disease, active pouchitis and irritable bowel syndrome, among others [13,15,32-38].
The most studied probiotic bacteria are Bifidobacterium and Lactobacillus spp. These
two bacteria produce a decrease of pro-inflammatory molecules and an increase of
molecules that inhibit inflammation, also protecting against oxidative stress in humans
and demonstrating an important role in intestinal dysbiosis [23,39-40]. Currently, the
evidence showed that probiotics have a positive effect on systemic and oxidative
inflammation, especially at the gastrointestinal level. L. acidophilus, one of the
probiotics administered during our stimulation, has demonstrated its role in
inflammatory regulation in multiple experimental studies [27,28,37-45]. A randomized
controlled clinical trial conducted by Jafarnejad et al. [46] described the effect of
supplementation with probiotics for 8 weeks, in this case, with VSL3 (a probiotic

similar to the one administered in our study), on glycemic status and inflammatory
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markers among pregnant women. The probiotic supplements contained eight strains
of lactic acid bacteria (S.thermophilus, Bifidobacterium breve, Bifidobacterium longum,
Bifidobacterium infantis, L. acidophilus, L. plantarum, L. paracasei, and L. delbrueckii
subsp. Bulgaricus). They found a statistically significant decrease in TNF alpha and CRP
levels in the probiotic group compared to placebo [45]. Another clinical trial explained
the efficacy of VSL3 probiotics administered in 24 patients with irritable Bowel
Syndrome for 8 weeks, finding a significant improvement in symptoms, but without

significant differences between the groups [47].

Finally, chronic inflammatory processes such as DC, can raise CRP, NLR, LMR
values (inflammatory markers) and decrease levels of albumin, transferrin and another
inflammatory marker such as the PLR index [48-49]. In our study the probiotics anti-
inflamatory effect seemed to be demonstrated after the stimulation phase, where we
observed a decrease of serological inflammatory parameters and normalization of CRP,
PLR and transferrin values in the SG and a statistically significant decrease in NLR and
LMR values, yet without normalization, with a p <0.001. The normalization of the CRP,
transferrin, NLR, LMR and PLR values was only achieved after reconstructive surgery
and 3 months after surgery. These results could be explained by the ability of
probiotics to interact with the intestinal mucosa, decreasing the molecular production
of pro-inflammatory substances, and thereby decreasing the capacity for migration of
inflammatory cells to the lamina propria, such as lymphocytes, eosinophils and plasma
cells [31-33]. In addition, a correlation between high CRP values and an alteration in
the percentage of lymphocytes in peripheral blood determinations has also been
observed in previous studies [50]. Lymphocytes are the main components that
infiltrate the mucosa and can range from mild to severe depending on the
inflammation of the excluded colon segment in humans. However, in our study we did
not find statistically significant differences between the increase of serum biomarkers

and the severity index of DC.
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Supporting our study results, it is worth noticing that patients had high
adherence to treatment in both groups, only excluding patients with postoperative
complications, without registering other losses during follow-up. In addition, our study
population included only patients who met endoscopic and histological diagnostic
criteria for DC, excluding patients with a diagnosis of nonspecific colitis despite
presenting a protective ileostomy, since we consider that they could represent a

misleading factor and could lead to error.

4.4.6. Conclusions

It could be concluded that endoscopic and histological severity index of diversion
colitis is related to a greater alteration of inflammatory biomarkers in the blood and
that stimulation with probiotics prior to reconstructive surgery produces an earlier
normalization of these parameters, making it an option for patients who are not

eligible for surgical treatment.
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5.1. Principales hallazgos.

La estimulacidn con probidticos del asa eferente de la ileostomia de proteccion de
pacientes intervenidos de carcinoma colorrectal es un método seguro y eficaz (articulo
2 y 3). Tras la estimulacién se objetivd una disminucién del grado de severidad en el
grupo estimulado frente al grupo control tanto a nivel endoscépico como histolégico.
Se consiguid una reduccion del grado de colitis por diversion en el 100% de los
pacientes del GE, con la desaparicién de la colitis por diversién macroscdpica en el
35,3%. Se demostrd en ambos casos la asociacion entre la estimulacién con probidticos
y la reduccién de la colitis por diversidon con una relacidn intensa, con la aparicién de
un Unico efecto secundario reconocido, dolor abdominal tipo cdlico, en un 20% de los
pacientes, valorado como dolor moderado mediante la escala visual analégica (EVA) y
s6lo asociado a las primeras sesiones de estimulacion, desapareciendo
posteriormente. Este efecto secundario ya fue descrito en estudios con estimulacién

del asa eferente con acidos grasos de cadena corta.

La estimulacion con probidticos del asa eferente de la ileostomia de proteccion de
pacientes intervenidos de carcinoma colorrectal disminuye la clinica de CD tras la
cirugia en el 75% de los pacientes y en el 100% a corto plazo tras la reconstruccion del
transito intestinal (articulo 2 y 3). Se observé asociacién entre la ausencia de clinicay la
estimulacion con un coeficiente de correlacién intensa, frente al GC, en el que
presentaron clinica el 100% de los pacientes. Este hecho se mantiene en el
seguimiento al primer mes del restablecimiento del transito, con un 94,3% de
pacientes sintomaticos en el GC frente al 2,9% en el GE. Sin embargo en el seguimiento
a corto plazo las cifras tienden a igualarse, consiguiendo el 100% de asintomaticos en
el GE y llegando al 71,4% en el GC, desapareciendo la relacién directa entre el tercer y
el sexto mes, cuando la colitis por diversion endoscopica y microscopica se hace

practicamente inexistente. Este hecho coincide con el efecto modulador transitorio y
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limitado que ejercen los probidticos sobre la mucosa intestinal y con la curva de

recuperacioén de la funcién intestinal publicada en otros estudios.

Precisamente este efecto modulador, nos hace pensar que la estimulaciéon con
probidticos del asa eferente de la ileostomia de proteccidon de pacientes intervenidos
de carcinoma colorrectal, puede ser una alternativa para pacientes que no son
candidatos a cirugia de reconstruccion del transito (articulos 1, 2, 3 y 4). Actualmente
para estos pacientes sélo existe tratamiento sintomatico para paliar la clinica asociada
a la colitis por diversion. Buscando un tratamiento alternativo a la cirugia se han
publicado varios estudios, tanto en modelos experimentales como estudios fase lll,
mediante la estimulacién con diversas sustancias como soluciones nutricionales,
trasplante fecal, enemas de acidos grasos de cadena corta (SCFA) como el butirato,
acido 5 aminosalicilato (5-ASA), glucocorticoides, sucralfato y N-acetilcisteina entre
otros con diferentes resultados (Harig 1989; Guillemot F, 1991; Schauber J, 2000;
Williams L, 2007; Pacheco RG, 2012; Martinez CA, 2013; Alvarenga V, 2014; Kabir SI,
2014; Szczepkowski M, 2017; Beamish EL, 2017; Kleinwort A, 2017; Buanaim RP,
2019). En su mayoria mostraron resultados inconsistentes, aunque parece existir una
disminucion de la inflamacién de la mucosa intestinal, reduciendo las lesiones
epiteliales y la infiltracion de neutréfilos de forma generalizada. El tratamiento mas

exitoso continua siendo a dia de hoy el cierre de la ileostomia de proteccidn.

El grado de severidad endoscdpica e histolégica de la colitis por diversion se
relaciona con una mayor alteracidn de los biomarcadores inflamatorios en sangre
(articulo 4). La estimulacién del asa eferente con probiéticos mejord la inflamacion de
la mucosa de colon excluida, reduciendo el grado inflamatorio y disminuyendo los
biomarcadores séricos inflamatorios. También se observé una tendencia entre valores

mas alterados y grado de severidad endoscdpica e histoldgica.

La estimulacion con probidticos previa a la reconstruccidn del transito produce una

normalizacion de estos biomarcadores seroldgicos de forma precoz (articulo 4). Como
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hemos explicado previamente, la colitis por diversidon es una inflamacién crénica del
intestino excluido tras la creacién de una ileostomia de proteccidn. Esta inflamacién
cronica produce una alteracion de los biomarcadores serolégicos tal y como sucede en
otras enfermedades inflamatorias. Por otro lado, ya ha quedado demostrado el efecto
antiinflamatorio de los probidticos (Biagioli M, 2019). El acido lactico producido por las
cepas de Lactobacilos, y en menor medida por Bifidobacterias, es un regulador
negativo de mediadores proinflamatorios tales como metaloproteasas, TNF alfa y
monocitos, a la vez que inducen la expresion de antinflamatorios como la IL-17, IL-22,
IL-23 y EGR 2, aumentando las células CD4 y macrdfagos en la [dmina propia del colon
(Corridoni D, 2012; Biagiol M, 2019). Este efecto antiinflamatorio parece demostrarse
en nuestro estudio tras la fase de estimulacion al objetivar una disminucién en el GE
de los parametros inflamatorios serolégicos preoperatorios, con normalizacién de los
valores de PCR, PLR y transferrina y una disminucién estadisticamente significativa de
los valores de NLR y LMR sin llegar a normalizarse. Estos resultados se explican por la
capacidad de los probidticos de interactuar con la mucosa intestinal disminuyendo la
produccién molecular de sustancias proinflamatorias, y con ello disminuyendo la
capacidad de migracién de células inflamatorias a la |lamina propia, tales como

linfocitos, eosinodfilos y células plasmaticas.

La estimulacion con probidticos es independiente del inicio de tolerancia oral y
restablecimiento del transito intestinal (articulo 1 y 2). En cuanto al efecto sobre la
funcidn intestinal tras la reconstruccion del transito, no se han observado diferencias
entre ambos grupos, con un tiempo de restablecimiento del transito y tolerancia oral
no estadisticamente significativos. Aunque durante la fase de estimulacidon se ha
observado un aumento de las deposiciones y emisidon de gas durante en el GE frente al
GC, hecho que relacionamos de forma directa con una disminucién o desaparicion de
la colitis por diversion tras la estimulacién con probidticos con una relacién

moderada/intensa. Este inicio del transito intestinal previo a la reconstruccion permite
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identificar obstrucciones funcionales distales a la ileostomia que puedan originar ileo
mecanico tras la cirugia y que pueden resolverse mediante dilataciones endoscépicas o
por el contrario identificar cierto grado de incontinencia asociada al sindrome de

reseccion anterior, lo que permite realizar una educacién de esfinteres precoz.

La estimulacion con probidticos es independiente de la aparicién de
complicaciones postoperatorias y la estancia hospitalaria (articulos 1 y 2). No hubo
diferencias en la apariciéon de complicaciones intraoperatorias ni postoperatorias. Si se
observé una disminucién notable del tiempo quirdrgico en GE que asociamos al
engrosamiento del cabo distal secundario a la estimulacidn y que facilita la realizacién
de la anastomosis. La diferencia en cuanto a la estancia hospitalaria entre el GE y el
CG, con una mediana de 4 dias en GE y 5 dias en GC, asociandolo a las 24 horas de
diferencia en la tolerancia oral entre GE, en el que un 58% de los pacientes toleran

dieta liquida en las primeras 24-48 horas, frente al GC que tarda 48-72 horas.

La aparicion de ileo paralitico secundario al cierre de la ileostomia de proteccién es
independiente de la estimulacidn del asa eferente con probidticos (articulo 1). No se
ha demostrado diferencias en cuanto a la aparicién de ileo postoperatorio,
apareciendo en 29% de los pacientes del GE y en el 31% de los pacientes del GC. Estos
hallazgos discrepan con las revisiones sistematicas publicadas por Rombey y Garfinkle
(Rombey T, 2019; Garfinkle R, 2019) y otros estudios publicados sobre el ileo
postoperatorio que parece mejorar tras estimulacién del asa eferente previa al cierre
de la ileostomia (Menéndez P, 2013; Abrisqueta J, 2014; Rombey T, 2019). Aunque
ambos concluyen en la falta de evidencia para recomendar la estimulacién del asa
eferente de forma rutinaria y hacen hincapié en la necesidad de realizar estudios
multicéntricos con mayor calidad cientifica que permitan comprobar la validez externa

de los mismos.
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Parece existir relacion entre la aparicion de ileo paralitico postoperatorio tras la
reconstrucciéon del transito y la existencia previa en el postoperatorio de la cirugia del
cancer colorrectal. Se objetivé que la incidencia de IPP era exactamente igual a la
presentada en la cirugia colorrectal, y que esto se debia a que todos los pacientes que
presentaron ileo tras la reconstruccién del transito también lo habian presentado en la
cirugia colorrectal previa. Este hecho es importante, dado que el cierre de la ileostomia
de proteccidn no comparte los factores de riesgo tradicionales de la cirugia colorrectal

como son el tiempo quirdrgico, aumento de liquidos y la pérdida de sangre entre otros.

5.2. Explicacion de los principales hallazgos

Actualmente existen varios articulos publicados sobre la estimulaciéon del asa
eferente (Menéndez P, 2013; Abrisqueta J, 2014; Garfinkle R, 2017; Fernandez Lépez F,
2019). Todos concluyen, al igual que nuestro estudio que es un método, seguro, eficaz
y reproductible. La primera revision sistematica fue publicada por Rombey y col. en
2019 (Rombey, 2019), ésta incluyod 8 estudios con un total de 267 pacientes. En ella, a
pesar de los prometedores resultados iniciales, no existen pruebas de calidad
suficiente como para recomendar la implementacion rutinaria de la estimulacidon
intestinal preoperatoria en la practica clinica. Esto se debe a la heterogeneidad de los
estudios. En su mayoria son estudios con bajo poder estadistico y con resultados
dificiles de comparar entre si, ya que algunos comparan pacientes sometidos a
proctocolectomia con anastomosis ileoanal en J y otros pacientes con reseccién
anterior baja, sdlo uno fue aleatorizado, tres eran casos clinicos Unicos y habia
diversidad en cuanto a la sustancia usadas durante la estimulacién y duracién de la

misma.

Ademas, respecto a la seguridad, la estimulacion del asa eferente es un método

con escasa morbilidad. Se demostré en ambos casos la asociacion entre la estimulacion
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con probidticos y la reduccion de la colitis por diversién con una relacién intensa, con
la aparicién de un Unico efecto secundario reconocido, dolor abdominal tipo cdlico, en
un 20% de los pacientes, valorado como dolor moderado mediante la escala visual
analégica (EVA) y soélo asociado a las primeras sesiones de estimulacion,
desapareciendo posteriormente. Este efecto secundario ya fue descrito en estudios
con estimulacidn del asa eferente con acidos grasos de cadena corta (Harig JM, 1989;

Kabir SI, 2014; Rombey T, 2019).

Por otro lado, nuestro estudio es el primero que aplica la estimulacidon del asa
eferente en la colitis por diversion, objetivando una disminuciéon del grado de
severidad en el grupo estimulado frente al grupo control tanto a nivel endoscépico
como histoldgico. Esta reduccién preoperatoria de la CD tras la estimulacion con
probidticos es relativamente importante, ya que no existe abundante bibliografia
sobre la colitis por diversion y su relacién con la alteracion microbiota. En los dos
ultimos anos se han publicados dos estudios sobre el microbioma intestinal, Mishima
(Mishima Y, 2020) y Knox (Knox NC,2019); a los que hay que sumar, por un lado la
ultima revisidon sistematica publicada sobre la colitis por diversiéon por Kabir y col. en
2014 (Kabir SI, 2014), que revisa un total de 3305 articulos, incluyendo finalmente 35
estudios, que analiza la fisiopatologia, presentacidn clinica y tratamiento de la colitis
por diversion que concluye que hay una gran variabilidad de formas de presentacién y

un Unico tratamiento definitivo que es la reconstruccién del transito.

Precisamente esta disminucidn del grado de severidad histoldgico y endoscépico,
nos hace pensar que la estimulacidon con probidticos del asa eferente de la ileostomia
de proteccion de pacientes intervenidos de carcinoma colorrectal, puede ser una
alternativa para pacientes que no son candidatos a cirugia de reconstruccion del
transito. Actualmente para estos pacientes sélo existe tratamiento sintomatico para
paliar la clinica asociada a la colitis por diversion. Buscando un tratamiento alternativo

a la cirugia se han publicado varios estudios, tanto en modelos experimentales como
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estudios fase lll, mediante la estimulacién con diversas sustancias como soluciones
nutricionales, trasplante fecal, enemas de acidos grasos de cadena corta (SCFA) como
el butirato, acido 5 aminosalicilato (5-ASA), glucocorticoides, sucralfato y N-
acetilcisteina entre otros con diferentes resultados(Harig 1989; Guillemot F, 1991;
Schauber J, 2000; Williams L, 2007; Pacheco RG, 2012; Martinez CA, 2013; Alvarenga V,
2014; Kabir SI, 2014; Szczepkowski M, 2017; Beamish EL, 2017; Kleinwort A, 2017;
Buanaim RP, 2019). En su mayoria mostraron resultados inconsistentes, aunque parece
existir una disminucién de la inflamacion de la mucosa intestinal, reduciendo las

lesiones epiteliales y la infiltracion de neutrdéfilos de forma generalizada.

Asi mismo, en el estudio macroscopico y microscépico, se aprecian alteraciones
asociadas a la CD, tanto en el GC como en el GE sin objetivar relacién estadisticamente
significativa entre severidad, clinica ni tiempo desde la creacién del estoma de
proteccion, hallazgos similares a los publicados en estudios previos (Son DN, 2013;
Baek SJ, 2014; Kabir SI, 2014; Szczepkowski M, 2017). A nivel macroscépico o
endoscépico, se ha demostrado una disminucion significativa de todos los hallazgos
endoscépicos en el GE frente al GC, con una correlacién intensa entre la estimulaciéon
del asa eferente con probidticos y la disminucion de la colitis por diversiéon
macroscopica. Cabe destacar una notable disminucién del grado de severidad del
edema y el eritema mucoso, convirtiéndose de grado severo o moderado a formas
leves o simplemente desapareciendo, hecho que relacionamos con el efecto
antinflamatorio de los probidticos; junto con la desaparicién por completo de las
Ulceras en el GE tras la fase de estimulacion también con una correlacidn intensa. Las
Ulceras asociadas a CD en humanos son un hallazgo inconstante. Parece existir
asociacion con cambios estructurales tardios del epitelio superficial (Kabir SI, 2014;
Szczepkowski M, 2017). En nuestro estudio, los pacientes que presentaban Uulceras

mucosas son los que llevaban mas tiempo desde la creaciéon del estoma. Estos
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hallazgos se ajustan a las observaciones previas realizadas en humanos y en modelos

animales (Pacheco RG, 2012; Alvarenga V, 2014).

A nivel microscépico o histoldgico, en estudios morfoldgicos de biopsias colénicas
en pacientes con ileostomia de proteccién han demostrado una inflamacién crénica en
mas del 50% de las muestras, con un incremento del tejido linfoide en el 100% de las
biopsias anatomopatoldgicas (Szczepkowski M, 2017; Buanaim RP, 2019). La alteracién
histoldgica mas caracteristica de la CD es la hiperplasia folicular linfoide, presente en
modelos experimentales y biopsias de pacientes a partir de los 60 dias posteriores a la
creacion del estoma de proteccién (Kleinwort A, 2017), con una infiltraciéon de la
mucosa por linfocitos que puede ser desde leve a severa en funcién de la inflamacion
del segmento de colon excluido. Pacheco et al. describié la hiperplasia folicular linfoide
en el 100% de los sujetos de estudio en su modelo animal sobre colitis por diversién y
una atrofia de las criptas en aproximadamente 24% de los sujetos a las seis semanas
de la creacidn del estoma y en el 42% tras 17 semanas (Pacheco RG, 2012; Alvarenga V,
2014). En nuestro estudio, los cambios histopatolégicos se caracterizaron al igual que
en estudios previos principalmente por la hiperplasia folicular linfoide y la infiltracién
de la ldmina propia por linfocitos, apareciendo desestructuracion de la arquitectura de
las criptas y criptitis en aquellos pacientes con mayor tiempo desde la creacion del
estoma. Se aprecia al igual que ocurria con los hallazgos macroscépicos una reduccién
significativa de las alteraciones microscépicas en el GE frente al GC, con una
correlacién intensa entre la estimulacién del asa eferente con probidticos y la
disminucion o desaparicidon de las alteraciones histolégicas. Estos hallazgos se explican
por la capacidad de los probidticos de interactuar con la mucosa intestinal
disminuyendo la produccion molécular de sustancias proinflamatorias (Biagioli
M, 2019), y con ello disminuyendo la capacidad de migracién de células inflamatorias a

la [dmina propia, tales como linfocitos, eosindfilos y células plasmaticas.
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En cuanto a la clinica asociada a la CD, la estimulacién con probidticos del asa
eferente de la ileostomia de proteccion de pacientes intervenidos de carcinoma
colorrectal disminuye la clinica de CD tras la cirugia en el 75% de los pacientes y en el
100% a corto plazo tras la reconstruccién del transito intestinal. Se mantiene en el
seguimiento al primer mes del restablecimiento del transito. Sin embargo en el
seguimiento a corto plazo las cifras tienden a igualarse, desapareciendo la relacién
directa entre el tercer y el sexto mes, cuando la colitis por diversion endoscépica y
microscopica se hace practicamente inexistente. Este hecho coincide con el efecto
modulador antiinflamatorio, transitorio y limitado que ejercen los probidticos sobre la
mucosa intestinal (Kang SI, 2016; Sartor RB, 2017; Basso PJ, 2018; Cohen LJ, 2019;
Amoroso C, 2020) y con la curva de recuperacion de la funcién intestinal publicada en

otros estudios (Beamish EL, 2017; Keane C, 2019).

Este efecto modulador antiinflamatorio es el que buscamos para conseguir una
disminucion de los biomarcadores seroldgicos alterados. Nuestro estudio es el primer
estudio aleatorizado, doble ciego, publicado, que relaciona la colitis por diversiéon con
las alteraciones de los estos biomarcadores inflamatorios. Si bien, ya conocemos que
en la colitis por diversidon se produce una inflamacién inespecifica en la mucosa del
segmento de colon excluido tras la creacidn de un estoma de proteccién (Szczepkowski
M, 2017). A dia de hoy no existen trabajos que relacionen ésta inflamacién con la
elevacion de los parametros seroldgicos. Por el contrario, la relacién entre
biomarcadores inflamatorios y probidticos si ha sido estudiada en otras patologias
como diarrea aguda en el adulto, enfermedad inflamatoria intestinal, pouchitis activa 'y
sindorme de intestino irritable entre otras (Gionchetti P, 2007; Grossi E, 2010; Sartor

RB, 2017; Hod K, 2019; Biagioli M, 2019; Tenorio-liménez C, 2019; Barra M, 2020).

Las bacterias probidticas mas estudiadas pertenecen al género Bifidobacterium vy
Lactobacillus spp. Estas disminuyen moléculas proinflamatorias y aumentan moléculas

qgue inhiben la inflamacién, protegiendo ademas contra el estrés oxidativo en humanos
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y demostrando un papel importante sobre la disbiosis intestinal (Rossi M, 2010;
Beamish EL, 2017; Morgan DM, 2020). Actualmente la evidencia de la que disponemos
nos demuestra que los probidticos tienen un efecto positivo sobre sobre la inflamacidn
sistémica y oxidativa, sobre todo a nivel gastrointestinal. L. acidophilus, uno de los
probidticos administrados durante nuestra estimulacién, he demostrado su papel en la
regulacion inflamatoria en multiples estudios experimentales (Rossi M, 2010;
Jafarnejad S, 2016; Biagioli M, 2017; Hod K, 2017; Hajifaraji M, 2018; Tenorio-Jiménez
C, 2019, Buanaim RP, 2019; Morgan DM, 2020). Un ensayo clinico controlado
aleatorizado realizado por Jafarnejad et al. (Jafarnejad S, 2016). Describe el efecto de
la suplementacién de con probidticos, en este caso, con VSL3, compuesto probidtico
similar al administrado en nuestro estudio, durante 8 semanas, sobre el estado
glucémico y los marcadores inflamatorios entre mujeres embarazadas. Los
suplementos probidticos contenian ocho cepas de bacterias del acido lactico
(S.thermophilus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium
infantis, L.acidophilus, L.plantarum, L.paracasei y L. delbrueckii subsp. Bulgaricus).
Encontraron una disminucidn estadisticamente significativa en los niveles de TNF alpha
y PCR en el grupo de los probidticos en comparacidon con el placebo. Resultados
superponibles a otros estudios (Hajifaraji M, 2018). Otro ensayo clinico donde se
evallua la eficacia de los probidticos VSL3 administrados durante 8 semanas en 24
pacientes con Sindrome de Intestino Irritable, encontrando una mejora significativa de

la sintomatologia, pero sin diferencias significativas entre los grupos (Michail S, 2011).

En nuestro estudio, para llevar a cabo la fase de estimulacién, utilizamos un
preparado con probidticos formado por la combinacién de 8 cepas (S.thermophilus,
Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium infantis,
L.acidophilus, L.plantarum, L.paracasei y L. delbrueckii subsp. Bulgaricus),
demostrando el efecto antiinflamatorio tras la fase de estimulacién al objetivar una

disminucion en el GE de los parametros inflamatorios serolégicos, con normalizaciéon
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de los valores de PCR, PLR y transferrina y una disminucion estadisticamente
significativa de los valores de NLR y LMR sin llegar a normalizarse. La normalizacion de
los valores de PCR, transferrina, NLR, LMR y PLR sélo se consigue tras la reconstruccion
del transito, en el seguimiento a 3 meses de la cirugia. Al igual que ocurria con las
alteraciones histoldgicas, estos hallazgos se explican por la capacidad de los
probidticos de interactuar con la mucosa intestinal disminuyendo la produccién
molécular de sustancias proinflamatorias (Biagioli M, 2019), y con ello disminuyendo la
capacidad de migracion de células inflamatorias a la lamina propia, tales como

linfocitos, eosindfilos y células plasmaticas.

En cuanto a la aparicion de ileo paralitico secundario al cierre de la ileostomia de
proteccion y la estimulacion del asa eferente con probidticos, no hemos encontrado
relacion. Estos hallazgos discrepan con las revisiones sistematicas publicadas por
Rombey (Rombey T, 2019) y Garfinkle (Garfinkle R, 2019). En 2019 Garfinkle y col.
publican la primera revisidn sistematica que sintetiza la literatura existente hasta el
momento. Relne 9.528 pacientes en 67 estudios, la mayoria retrospectivos. Los
autores sefalan que su incidencia depende de la definicién que utilicemos de ileo, y
gue estas variaciones provocan gran heterogeneidad en los estudios incluidos, por lo
gue necesitaremos continuar investigando y definirlo con criterios homogéneos. De
hecho, mas de la mitad de los estudios de este metaanalisis (39/67) no tenian criterios
definidos de ileo postoperatorio (estudios con menor incidencia), y entre los que lo
tenian, no coincidian en la definicion. Ambos concluyen en la falta de evidencia para
recomendar la estimulacidn del asa eferente de forma rutinaria y hacen hincapié en la
necesidad de realizar estudios multicéntricos con mayor calidad cientifica que
permitan comprobar la validez externa de los mismos. Esta falta de consenso en la
definicion creemos que explicaria nuestros hallazgos. Ante esta necesidad de
encontrar un denominador comun para poder comparar los diversos estudios nos

basamos en el estudio publicado por el grupo de trabajo de la ASER (American Society
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of Enhanced Recovery) y POQI (Perioperative Quality Initiative) (Hedrick TL, 2018), que
establece definiciones basadas en la puntuacién de la sintomatologia para la
disfuncién gastrointestinal postoperatoria (englobando términos como ileo, ileo
paralitico, ileo postoperatorio o ileo prolongado) que incluyen la tolerancia oral,
aparicidon de nduseas, vomitos, distensién abdominal con timpanismo y duraciéon de
estos sintomas. Este sistema de puntuacion validado llamado I-FEED (Alshargawi N,
2020, Anexo 8) es el que hemos utilizado en nuestro estudio, ya que nos parece la
forma mas objetiva y extrapolable de determinar la aparicién de ileo postoperatorio,
definido como disfuncidon gastrointestinal postoperatoria, diferenciarlo asi de la
intolerancia gastrointestinal postoperatoria que se resuelve en 24-48 horas, y poder

compararlo con otros estudios en un futuro.

Basandonos en revisiones sistematicas sobre el uso de probidticos en el
tratamiento de otras patologias gastrointestinales (Redman MG, 2014; Zhang Y, 2016;
Kang SI, 2016), consideramos que esta estimulacidn conseguiria la repoblacién del
segmento excluido, activando los mecanismos celulares de absorcidon, aumentando la
motilidad y disminuyendo la atrofia del asa eferente, para que, tras el cierre de la
ileostomia de proteccion, el retorno a la normalidad sea mas rapido, con un menor
tiempo en el reestablecimiento del transito y tolerancia oral, disminuyendo la
aparicion de ileo postoperatorio y con ello disminuyendo la estancia hospitalaria. En
nuestro estudio, tras la inclusién y aleatorizacidon de 73 pacientes no se detectaron
diferencias estadisticamente significativas en cuanto a las variables sociodemograficas,
clinicas ni quirdrgicas. Si se objetivd una notable disminucién del tiempo quirdrgico en
GE que asociamos al engrosamiento del cabo distal secundario a la estimulacion y que
facilita la realizacion de la anastomosis. La diferencia en cuanto a la estancia
hospitalaria fue de 1 dia, asocidandose a las 24 horas de diferencia en la tolerancia oral
entre GE, en el que mas del 50% de los pacientes toleran dieta liquida en las primeras

24-48 horas, frente al GC que tarda 48-72 horas. Estos resultados son similares a los
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reportados por otros estudios (Menéndez P, 2013; Abrisqueta J, 2014; Rombey T,
2019). Ademads se objetivo que la incidencia de ileo postoperatorio era exactamente
igual a la presentada en la cirugia colorrectal, y que esto se debia a que todos los
pacientes que presentaron ileo tras la reconstruccidn del transito también lo habian
presentado en la cirugia colorrectal previa. Este hecho es importante, dado que el
cierre de la ileostomia de proteccidn no comparte los factores de riesgo tradicionales
de la cirugia colorrectal como son el tiempo quirdrgico, aumento de liquidos vy la
pérdida de sangre entre otros (Wolthuis AM, 2016; Sugawara K, 2018; Rybakov EG,
2018; Garfinkle R, 2019).

Finalmente, hay que destacar el aumento de las deposiciones y emisién de gas
durante en el GE frente al GC durante la fase de estimulacion, hecho que relacionamos
de forma directa con una disminucién o desaparicion de la colitis por diversion tras la
estimulacion con probidticos. Este inicio del transito intestinal previo a la
reconstruccién permite identificar obstrucciones funcionales distales a la ileostomia
que puedan originar ileo mecdnico tras la cirugia y que pueden resolverse mediante
dilataciones endoscépicas o por el contrario identificar cierto grado de incontinencia
asociada al sindrome de reseccién anterior, lo que permite realizar una educaciéon de
esfinteres precoz previo al cierre definitivo del estoma, aumentando notablemente la

calidad de vida de los pacientes (Kim KH, 2011; Abrisqueta J, 2014).

5.3. Fortalezas y limitaciones

La realizacién del presente estudio fue motivada por la ausencia de evidencia
cientifica clara sobre el beneficio de la estimulacién del asa eferente. Con un disefio
doble ciego mantenido hasta la finalizacidn del mismo, una definicidon estandarizada de
disfuncidn gastrointestinal postoperatoria no utilizada hasta el momento. Los autores

sefialan que la incidencia de IPP depende de la definicion que utilicemos de ileo, y que
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estas variaciones provocan gran heterogeneidad en los estudios incluidos, por lo que
necesitaremos continuar investigando y definirlo con criterios homogéneos. Ante esta
necesidad de encontrar un denominador comun, nos basamos en el sistema de
puntuacion validado llamado I-FEED (Hendrick TL, 2018; Alshargawu N, 2020), ya que
nos parece la forma mas objetiva y extrapolable de determinar la apariciéon de ileo
postoperatorio, definido como disfuncién gastrointestinal postoperatoria, diferenciarlo
asi de la intolerancia gastrointestinal postoperatoria que se resuelve en 24-48 horas, y

poder compararlo con otros estudios en un futuro.

Ademas, nuestro estudio es el primer estudio aleatorizado, doble ciego,
publicado, que relaciona la colitis por diversién con las alteraciones de los
biomarcadores seroldgicos inflamatorios. Si bien, ya conocemos que en la colitis por
diversidon se produce una inflamacién inespecifica en la mucosa del segmento de colon
excluido tras la creacidon de un estoma de proteccion. A dia de hoy no existen trabajos

que relacionen ésta inflamacién con la elevacion de los pardmetros seroldgicos.

Como hemos comentado anteriormente en el capitulo de metodologia, la
estimulacion del asa eferente de la IP fue realizada en todos los casos por el mismo
cirujano, ajeno al procedimiento quirdrgico y al seguimiento postoperatorio del
paciente, del mismo modo, el equipo quirdrgico que intervino al paciente y lo evalué
durante el postoperatorio no era sabedor del grupo al que pertenecia cada caso.
Valoramos este aspecto del trabajo con suma importancia, ya que consideramos clave,
el valor estadistico que aporta al estudio que sean los mismos cirujanos colorrectales
los que operen todos los pacientes y que estos sean ajenos al grupo que ha sido
asignado a cada paciente. Con esto se evita el sesgo que se produce cuando estan
implicados varios cirujanos, con la consecuente diferencia de indicaciones, opiniones y

gestos quirdrgicos que existen entre ellos.

También es importante destacar que, en nuestro estudio, para llevar a cabo la

fase de estimulacién, utilizamos un preparado con probidticos formado por la
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combinacidon de 8 cepas (S.thermophilus, Bifidobacterium breve, Bifidobacterium
longum, Bifidobacterium infantis, L.acidophilus, L.plantarum, L.paracasei y L.
delbrueckii subsp. Bulgaricus), todos del mismo lote, para minimizar asi las posibles
diferencias que se habian observado en otros estudios, en los cuales diferentes lotes
del mismo producto fabricado en diferentes sitios, ejercen diferentes propiedades in
vitro e in vivo (Sanders ME, 2014; Biagioli M, 2017). Se componen por tanto de

Lactobacilos, Bifidobacterias y Estreptococos.

A favor de nuestro estudio hay que destacar, una alta adherencia al
tratamiento en ambos grupos, siendo excluidos solamente pacientes con
complicaciones postoperatorias, sin registrar otras pérdidas durante el seguimiento.
Ademas nuestra poblacién de estudio incluyé sélo pacientes que cumplian criterios
diagndsticos endoscdpicos e histoldgicos de colitis por diversién, excluyendo pacientes
con diagndstico de colitis inespecifica a pesar de presentar ileostomia de proteccién,

ya que consideramos que podrian representar un factor de confusién e inducir a error.

Finalmente, aunque para la realizacién de nuestro estudio se calculd el tamafio
muestral basado en la literatura existente, siendo necesario 30 paciente por grupo y
hemos reclutado mas, creemos que el tamafio muestral puede representar la
limitacion fundamental de nuestro estudio, por lo que estos resultados deben ser

I “"

considerados con cautela y necesitaremos ampliar el “n” en estos futuros trabajos

sobre la funcidn intestinal y la estimulacidn preoperatoria previo al cierre de la IP.

5.4. Implicaciones de los resultados del estudio

A lo largo de este estudio hemos presentado esta modificacién de una técnica
ya descrita con anterioridad en la literatura (Menéndez P, 2013; Abrisqueta J, 2014;
Garfinkle R, 2017; Vazquez-Melero A, 2018; Ferndndez Lépez F, 2019; Rombey T,

2019), confirmando su seguridad, fiabilidad y reproducibilidad. A partir de esto y
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basandonos en la sencillez, se podrian establecer protocolos para que cada paciente
pudiese realizar diariamente y en su domicilio la estimulacién con probidticos previa la
cirugia de reconstruccion del transito. Hemos de destacar, que durante la realizacién
de este estudio, los pacientes de ambos grupos han tenido que acudir al hospital en
dias alternos durante los 20 dias previos a la cirugia, en ocasiones suponiendo un
desplazamiento de mds de una hora desde su domicilio. Con la realizacién de un
protocolo para la aplicacion de esta técnica, los pacientes acudirian al hospital para
una primera consulta, dénde se les explicaria el fundamento de la técnica asi como el
modo de realizarla y los materiales necesarios, asegurandoles siempre un soporte
sanitario (teléfono, consultas externas, consultas por urgencias...) ante cualquier
incidencia que pudiese surgir durante la estimulacién previa al cierre de la IP. En
resumen, el objetivo en el futuro sera, que una técnica que se ha mostrado segura y
reproducible en el dmbito hospitalario pueda ser aplicada en régimen domiciliario

previamente a la cirugia.

Por otro lado, al desarrollar uno de los objetivos especificos de esta tesis nos
encontramos multiples estudios que valoran e intentar dar soluciéon al IPP meter
estudios IPP, y una gran variabilidad en la definicién del mismo. Ante esta necesidad de
encontrar un denominador comun para poder comparar los diversos estudios nos
basamos en el estudio publicado por el grupo de trabajo de la ASER (American Society
of Enhanced Recovery) y POQI (Perioperative Quality Initiative) (Hendrick TL, 2018),
que establece definiciones basadas en la puntuacidon de la sintomatologia para la
disfuncién gastrointestinal postoperatoria (englobando términos como ileo, ileo
paralitico, ileo postoperatorio o ileo prolongado) que incluyen la tolerancia oral,
aparicidon de nduseas, vomitos, distensién abdominal con timpanismo y duracién de
estos sintomas. Este sistema de puntuacién validado llamado I-FEED (Alshargawu N,
2020) es el que hemos utilizado en nuestro estudio, ya que nos parece la forma mas

objetiva y extrapolable de determinar la aparicién de ileo postoperatorio, definido
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como disfuncién gastrointestinal postoperatoria, diferenciarlo asi de la intolerancia
gastrointestinal postoperatoria que se resuelve en 24-48 horas, y poder compararlo

con otros estudios en un futuro.

También, hay que destacar, el inicio preoperatorio de emisién de gas y heces
durante la fase de estimulacion del estudio. Paralelo a la estimulacion se ha observado
un aumento de las deposiciones y emisién de gas durante esta fase en GE frente al GC.
Este inicio del transito intestinal previo a la reconstruccion permite identificar
obstrucciones funcionales distales a la ileostomia que puedan originar ileo mecdanico
tras la cirugia y que pueden resolverse mediante dilataciones endoscépicas o por el
contrario identificar cierto grado de incontinencia asociada al sindrome de reseccién
anterior, lo que permite realizar una educacion de esfinteres precoz (Kim KH, 2011;

Abrisqueta J, 2014).

Finalmente, dado los hallazgos aportados por este estudio, en el que se aprecia
la disminucion de la CD tras estimulacidn con probidticos en el 75% de los pacientes y
la desapariciéon endoscdpica e histoldgica en el 25%. Asi como una disminucidn de la
clinica de CD, la estimulacién del asa eferente con probidticos puede ser una
alternativa para aquellos pacientes que no son candidatos a la cirugia de

reconstruccién del transito por comorbilidad.

5.5. Futuras lineas de investigacion

Los resultados de este estudio nos han ayudado a confirmar y refutar las
hipdtesis que inicialmente teniamos cuando comenzamos. Esto nos ha llevado por un
lado a las conclusiones del presente estudio y por otro nos ha abierto nuevas lineas de

investigacidon que en lo sucesivo iremos desarrollando.

Por un lado, creemos que la estimulacion del asa eferente con probidticos

previa al cierre de la IP no sélo supone una mejoria clinica de la CD, sino que repercute
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notablemente sobre la calidad de vida del paciente sometido a una cirugia de
reconstruccién del transito (Ayaz-Alkaya S. 2019), por ello se abre una nueva linea de
investigacion en la que junto al proceso de estimulacion, se le administrara al paciente
a lo largo del proceso varios cuestionarios de calidad de vida repetidos en el tiempo.
Los cuestionarios a utilizar serdan Short Form SF-36, Estoma-Qol, EuroQolL-5D-5L y el
Test Holschneider. Todos ellos miden la calidad de vida en relacion a diferentes

aspectos del sujeto por lo que se complementan entre si.

Por otro lado, hemos basado nuestro estudio en la influencia de los cambios
fisiopatoldgicos intestinales causados en parte por la pérdida de flora intestinal en el
segmento de colon excluido (Williams L, 2007; Beamish EL, 2017; Keane C, 2019,
Rombey T, 2019) estudio comparativos y metaanalisis; y en la mejoria de la CD tras la
manipulacién microbiana mediante la estimulacién de probidticos previa al cierre de la
ileostomia de proteccién, lo que nos permitiria normalizar la funcién autoinmune
alterada, restaurar la homeostasis y disminuir la inflamacién de la mucosa y con ella
normalizar los biomarcadores inflamatorios serolégicos. Si bien esta notable mejoria
tras la administracién de probidticos no hemos podido correlacionarla con el aumento
en el segmento de colon excluido de las bacterias vivas no patégenas administradas a
través del asa eferente. Por ello una nueva linea de investigacion es la determinacion
mediante técnica de PCR (reaccién en cadena de la polimerasa) de las muestras
obtenidas mediante endoscopia y criopreservadas en el laboratorio de Microbiologia
comparando pre-estimulacion y post-estimulacién, tanto de los pacientes participantes

en el actual estudio como de los que seguimos reclutando en el momento actual.

En cuanto a la aparicidn de IPP, es cierto que nuestro estudio difiere de otros
publicados (Rombey T, 2019; Garfinkle R, 2017), aunque los resultados podrian
correlacionarse con las ultimas revisiones sistematicas publicadas, que concluyen que
se necesitan mas estudios multicéntricos con mayor calidad cientifica. Si bien, hemos

observado una relacién directa entre la aparicién de IPP tras la reconstruccion del
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transito en los pacientes en los que previamente ya se habia presentado tras la cirugia
del carcinoma colorrectal. Se objetivd que la incidencia de ileo postoperatorio era
exactamente igual a la presentada en la cirugia colorrectal, y que esto se debia a que
todos los pacientes que presentaron ileo tras la reconstruccion del transito también lo
habian presentado en la cirugia colorrectal previa. Este hecho es importante, dado que
el cierre de la ileostomia de proteccion no comparte los factores de riesgo
tradicionales de la cirugia colorrectal como son el tiempo quirdrgico, aumento de
liqguidos y la pérdida de sangre entre otros (Wolthuis AM, 2016; Sugawara K, 2018;
Rybakov EG; 2018; Garfinkle R, 2019). Este hallazgo ha supuesto una nueva linea de
investigacion sobre la que actualmente estamos trabajando, y que es objeto de un

nuevo Proyecto I+i becado por la Junta de Andalucia.
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10.

La estimulacidn del asa eferente con probidticos es un método seguro y eficaz.

Provoca una disminucidon o desaparicion del grado de colitis por diversion
macroscopica y microscopica en el 100% de los pacientes estimulados, con una

disminucion en el 75% y una desaparicion en el 25%.

Disminuye la clinica de colitis por diversién tras la cirugia en el 75% de los
pacientes y en el 100% a corto plazo tras la reconstruccidn del transito

intestinal.

Puede ser una alternativa para pacientes que no son candidatos a cirugia de

reconstruccion del transito.

El grado de severidad endoscépica e histologica de la colitis por diversién se
relaciona con una mayor alteracién de los biomarcadores inflamatorios en

sangre.

La estimulacién con probidticos previa a la reconstruccion del transito produce

una normalizacién de estos parametros de forma precoz.

La estimulacién con probiéticos es independiente del inicio de tolerancia oral y

restablecimiento del transito intestinal.

La estimulacién con probidticos es independiente de la aparicién de

complicaciones postoperatorias y la estancia hospitalaria.

La aparicion de ileo paralitico secundario al cierre de la ileostomia de
proteccion es independiente de la estimulacion del asa eferente con

probidticos.

Parece existir relacién entre la aparicion de ileo tras la reconstruccion y la

existencia previa en el postoperatorio de la cirugia del cancer colorrectal.
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ANEXO 1

Autorizacion del Comité de Etica de la Investigacién de la

provincial de Huelva

i Servicio An.dalm: de Salud .
JHTA [ MR CONSEJERIA DE IGUALDAD, SALUD ¥ POLITHCAS SOCIALES

D* M* VICTORIA ALONSO MARTINEZ, Sccretaria del Comité de Etica de la
Investigacion de la provincia de Huelva,

CERTIFICA
(Que este Comité ha evaluade Favorablemente, a propuestas de la investigadora D

Angela Rodrigues Padilla, para que se realice el Proyecto de Investigacidn titulado:

Efectos sobre la colitis por diversidn ras lo estimulacion del asa eferente con probidficos previe al
cierre de feostomia en pacicntis ntervenidos de carcinoma colorrectal,
Codigo: PTOIOTT

La capacidad de los investigadores y los medios disponibles en el Complejo
Huospitatario Universitario de Huelva, son apropiados para llevar a cabo el estudio.

Y que este Comité considera que dicho estudio cumple los requisitos éticos ¥ legales
para ser realizado en dicho centro por D% Angela Rodrigue; Padilla.

Lo gue firmo, en Huelva a 29 de marzo de 2017

Firmado:
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ANEXO 2

CONSENTIMIENTO INFORMADO

DUDNA. e ,
(NOMBRE Y  APELLIDOS DEL REPRESENTANTE LEGAL) CON
DN , EN CALIDAD DE REPRESENTANTE LEGAL DE

.......................................................................................... DECLARO:
(NOMBRE Y APELLIDOS DEL PACIENTE)

QUE Bl DF. e e ,
me ha solicitado verbalmente y por escrito mi participacién para colaborar con el
trabajo de investigacion:

“Efectos sobre la colitis por diversion tras estimulacion del asa eferente con probidticos
previo al cierre de ileostomia de proteccion en pacientes intervenidos de carcinoma

colorrectal”

El objetivo del estudio es estudiar la incidencia colitis por diversion tras cierre de
ileostomia de proteccion en pacientes intervenidos de neoplasia de recto; este aspecto
no ha sido evaluado a nivel nacional y es de enorme trascendencia socioeconémica y

sobre la calidad de vida de los pacientes que son intervenidos.

Me han explicado que mi participacion consiste en colaborar, tras ser instruido en la
estimulacion del asa eferente intestinal, durante el mes previo a la intervencion
quirdrgica, asi como realizacién de colonoscopia con toma de biopsias previa y del
control tras la reconstruccién del transito; facilitando el acceso a las pruebas
complementarias recogidas en mi historial clinico. En algin caso se me podra solicitar

la confirmacion de algun dato que faltara en dicho historial.

También se me ha explicado que mi participacion es voluntaria y que puedo retirarme
del estudio en el momento en que asi lo desee, sin que esto repercuta en la atencion

médica que recibo; igualmente los datos suministrados serdn manejados de manera

233



confidencial y se garantizara que no se hara difusién que permita identificar al paciente
ni se haran publicos los resultados con informacién que permita llegar a la persona

que dio la informacion.

He comprendido las explicaciones, que se me han facilitado en un lenguaje claro y
sencillo; y el médico que me ha atendido me ha permitido realizar todas las

observaciones y me ha aclarado todas las dudas que le he planteado.

También comprendo que, en cualquier momento y sin necesidad de dar ninguna

explicacion, puedo revocar el consentimiento que ahora presto.

Por ello, manifiesto que estoy satisfecho con la informacion recibida y que comprendo

el alcance del estudio.

Y en tales condiciones CONSIENTO participar en el estudio.

Firma del paciente (o repr. Legal) Firma del médico

En Huelva, a................. e de 20......
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REVOCACION

Revoco el consentimiento prestado enfecha .......................... , Y no deseo proseguir

con mi participacion en el estudio, que doy con ésta por finalizado.

Firma del paciente (o repr. Legal) Firma del médico

En Huelva, a................. (o [ T de 20......
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ANEXO 3

HOJA DE INFORMACION A LOS PACIENTES

Si usted decide participar en este estudio, como paciente tiene derecho a ser
informado acerca de los beneficios y riesgos derivados del cierre de la

ileostomia de proteccion y de la reconstruccion del transito digestivo.

El propdsito de esta informacién no es preocuparle, simplemente representa
un esfuerzo para que usted conozca mejor los hechos y pueda tomar la
decision libre y voluntaria, de autorizar o rechazar dicho procedimiento.

Estudio:

Este estudio trata de comprobar la eficacia de la estimulacion probidtica en la

colitis por diversion.

2, 0Oué le vamos a hacer y por qué?:

Se le va a realizar un cierre de la ileostomia de proteccibn mediante
anastomosis (unién de ambos cabos intestino), por este procedimiento se

restaura la continuidad del intestino, cerrando el ano artificial.

.,.Como se realiza?

Durante los 15 dias previos a la reconstruccién acudira a Consultas Externas
para la estimulacién de uno de los cabos de su estoma. Posteriormente, en la
intervencion se practicara una incision alrededor del estoma vy, segun los
casos o dificultad de la técnica, una incisién abdominal; ello permite la union
de los dos extremos intestinales mediante una sutura. A veces es necesario la
colocacion de material protésico para reparar la pared del abdomen o el

orificio donde estaba el estoma.

237



Cabe la posibilidad de que durante la cirugia haya que realizar modificaciones
del procedimiento por los hallazgos intraoperatorios para proporcionar el
tratamiento mas adecuado. También es posible que, a pesar de realizar la

intervencion, no sea posible conseguir el cierre del estoma.

2. 0Oué beneficios v alternativas puede tener?

El cierre del estoma permitira restablecer la continuidad del tubo digestivo.
Podré realizar la defecacién normal, a través del ano. No existe otro método

para realizar el cierre del ano artificial.

2. Oué riesgos existen?

Cualquier actuacién médica tiene riesgos. La mayor parte de las veces estos
riesgos no se materializan, y la intervencion no produce dafios o efectos
secundarios indeseables. Pero a veces no es asi. Por eso es importante que
usted conozca los riesgos que pueden aparecer en este proceso o

intervencion.
Los mas frecuentes:

Infeccion o sangrado de la herida quirdrgica, flebitis, retenciéon aguda de orina,
diarrea, alteraciones de la continencia fecal, que habitualmente ceden tras un
periodo de adaptacién, retraso en la recuperacion de la motilidad intestinal y

dolor prolongado en la zona de la operacién.
Los mas graves:

Infeccién intraabdominal, fistula intestinal por fallo de cicatrizacién de la

sutura intestinal, hemorragia y obstruccion itestinal.

Estas complicaciones habitualmente se resuelven con tratamiento médico

pero pueden llegar a requerir una reintervencion, generalmente de urgencia,
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para su tratamiento, siendo en ocasiones necesario volver a realizar la

ostomia. Existe un riesgo minimo de mortalidad.
Los derivados de sus problemas de salud:

Las patologias concurrentes en cada paciente (diabetes, obesidad,
inmunodepresion, hipertension, anemia, edad avanzada...) pueden aumentar
la frecuencia o la gravedad de riesgos o complicaciones por lo que, en estos

casos, el riesgo quirurgico es mayor.

También debe saber:

- A veces, durante la intervencion, se producen hallazgos imprevistos. Pueden
obligar a tener que modificar la forma de hacer la intervencion y utilizar

varienates de la misma no contempladas inicialmente.

- A veces es necesario tomar muestras biolégicas para estudiar mejor su
caso. Pueden ser conservadas y utilizadas posteriormente para realizar
investigaciones relacionadas con la enfermedad que usted padece. No se
usaran directamente para fines comerciales. Si fueran a ser utilizadas para
otros fines distintos se le pediria posteriormente el consentimiento expreso
oara ello. Si no da su consentimiento para ser utilizadas en investigacion, las
muestras se destruirdn una vez dejen de ser (tiles para documentar su caso,
segun las normas del centro. En cualquier caso, se protegera adecuadamente

la confidencialidad en todo momento.

- También puede hacer falta tomar imagenes, como fotos o videos. Sirven
para documentar mejor el caso. También pueden usarse para fines docentes
de difusion del conocimiento cientifico. En cualquier caso seran usadas si
usted da su autorizacion. Su identidad siempre sera preservada de forma

confidencialidad.

239



240



ANEXO 4
CUESTIONARIO ENDOSCOPIA DIGESTIVA BAJA

NHC Endoscopista

Fecha Endoscopia

A cumplimentar por el endoscopista que analiza la biopsia:

Friabilidad mucosa Edema mucosa

Presente O Ausente O Leve 0 Moderadod Severo
Ulceras Eritema

Presente O Ausente O Leve 0 ModeradoOd SeveroOd
Pélipos inflamatorios Estenosis

Presente O Ausente O Leve 0 ModeradoOd SeveroOd
¢ Colitis por Diversion? sid No O

A cumplimentar por el Investigador Principal o Investigador Asociado

tras la realizacién de la colonoscopia:

Colonoscopia Puntuacioén final
Control O  Tras estimulacion O

Leve Moderado Severo
Grado Colitis por Diversion O O O
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ANEXO 5
CUESTIONARIO BIOPSIA ANATOMOPATOLOGICA

NHC Pat6logo

Fecha Biopsia

A cumplimentar por el patélogo que analiza la biopsia:

Hiperplasia folicular linfoide Infiltracion lamina propia linfocitos
Presente O Ausente O Leve 0 Moderadod Severo O
Eosinofilos Infiltracion lamina cél. plasmaticas
Presente O Ausente O Leve 0 Moderadod Severo O
Abscesos criptas Distorsion arquitectura criptas
Presente O Ausente O Leve 0 Moderadod Severo O
¢, Colitis por Diversién? sid No O

A cumplimentar por el Investigador Principal o Investigador Asociado

tras andlisis anatomopatolégico:

Biopsia Puntuacion final

Control O Tras estimulacion O

Leve Moderado Severo

Grado Colitis por Diversion O O O
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ID PACIENTE

ANEXO 6

Fecha INICIO / }

120

CUESTIONARIO PACIENTES TRAS ESTIMULACION

Fecha INICIO [ 120 .

Dia

Dolor

abdominal

Emisién gas

por el ano

Emisién heces

por el ano

Nede

deposiciones

Control

esfinteriano

Incidencias | Medicacion

10

11

12

13

14

15
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ANEXO 7
DIAGRAMA DE FLUJO DE SELECCION DE PACIENTES

(Patientswiﬁ\pmtecﬂveilcostomyaﬂcrcca

e
()
Excluded patients with colitis
h 4
Diversion colitis }mwﬁwom
(x-m)

Participants based on inclusion criteria

CCR: cancer colorrectal.
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ANEXO 8
ESCALA I-FEED

I-FEED Scoring System

Scoring Feeling | | Duration of
M o L o
° 21 episode of
b low volume Distension
- Limited Responsive to | (<100mL) and without
5 tolerance treatment non-bilious tympany 24-72 hours
2 () ) (1) (1) ()
2 21 episode of

3-5
Postoperative
Gl Intolerance
(POGI)

The I-FEED scoring system was created out of the need for a consistent objective
definition of impaired postoperative Gl function. The scoring system attributes 0-2
points for each of the 5 components based on the clinical presentation of the patient
and categorizes patients into normal (0-2), postoperative Gl intolerance (3-5), and
postoperative Gl dysfunction (26). Gl indicates gastrointestinal; I-FEED, Intake, Feeling
nauseated, Emesis, physical Exam, and Duration of symptoms; POGD, postoperative

gastrointestinal dysfunction; POGI, postoperative gastrointestinal intolerance.
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ANEXO 9
FOTOS PROCEDIMIENTO ESTIMULACION Y MATERIALES

Estimulacion preoperatoria del asa eferente con probidticos. Se introdujo a través del

cabo desfuncionalizado una sonda estéril de Foley de 14 Ch conectado a un sistema de
suero para permitir la infusidn lenta, durante 20-30 minutos, de una solucién con

4.5mg de probidticos diluidos en 250ml de suero fisioldgico 0.9%.
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ANEXO 10
INDICIOS DE CALIDAD

Articulo 1:

Autores/as: Rodriguez-Padilla A, Morales-Martin G, Pérez-Quintero R, Gémez-Salgado

J, Balongo-Garcia R, Ruiz-Frutos C.

Titulo: Postoperative lleus after Stimulation with Probiotics before Ileostomy Closure
Publicado en: Nutrients. 2021 Feb 15;13(2):626. doi: 10.3390/nu13020626

Ao de publicacion: 2021

Indicios de calidad: Journal Citation Report (2020):

- Impact Factor: 5.717

- Nutrition and dietetics-SCIE: 17/89 (Q1).

-SJR 1.42.

Articulo 2:

Autores/as: Rodriguez-Padilla A, Morales-Martin G, Pérez-Quintero R, Rada-Morgades
R, Gomez-Salgado J, Ruiz-Frutos C.
Titulo: Diversion Colitis and Probiotic Stimulation: Effects of Bowel Stimulation Prior to

lleostomy Closure.
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