
 

TEMA 1. ANATOMIA FUNCIONAL DEL CANCER DE 
PROSTATA. 
 
Dr. Jacques Planas Morin. Hospital Universitari Vall d’Hebrón. Barcelona. 
 
Objetivos: 
 
Describir la anatomía de la glándula prostática y su relación con las estructuras 
músculo-tendinosas, vasculares y nerviosas que la rodean y que desempeñan 
una función importante en la regulación de la continencia urinaria y la función 
eréctil. El conocimiento anatómico de dichas estructuras y su preservación en 
el tratamiento del cáncer de próstata nos permitirá conseguir buenos 
resultados oncológicos con el mínimo impacto sobre la recuperación 
funcional del paciente. 
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Desde que Patrick Walsh publicó en 1980 su trabajo sobre 
prostatectomía radical retropúbica para el tratamiento del cáncer de próstata 
localizado (1), el tratamiento quirúrgico del cáncer de próstata ha cambiado de 
forma considerable debido al mejor conocimiento anatómico de la próstata y a 
los avances tecnológicos que hemos vivido principalmente en las últimas dos 
décadas. La incorporación de la cirugía laparoscópica en primer lugar y 
posteriormente de la cirugía robótica ha permitido ampliar conocimientos sobre 
la compleja anatomía de la pelvis y de las estructuras que rodean a la próstata, 
comportando mejoras en el control quirúrgico del cáncer de próstata y en sus 
resultados funcionales. 

Son muchas las estructuras anatómicas que debemos identificar y tener 
en cuenta en el tratamiento del cáncer de próstata ya que si no se respetan o 
conservan pueden potencialmente comportar un peor resultado oncológico así 
cómo un mayor riesgo de incontinencia urinaria y disfunción eréctil para el 
paciente. 

Nuestra intención ha sido llevar a cabo una revisión actualizada del 
conocimiento de la anatomía prostática y de los tejidos que rodean a la próstata 
con el objetivo de ayudar a urólogos y oncólogos radioterápicos a comprender 
y conocer mejor las estructuras que se encontrarán en el transcurso de la 
prostatectomía radical o de la simulación-planificación del tratamiento con 
radioterapia, utilizando la nomenclatura correcta para dichas estructuras (2). 
Hemos querido también repasar y enumerar algunas de las técnicas de 
disección descritas por diferentes grupos en los últimos años, para que el lector 
las pueda consultar y valorar su posible incorporación en su práctica quirúrgica 
diaria.  

1. Estructuras vasculares. 
1.1 Irrigación arterial de la próstata. 

 
La arteria pudenda interna es una prolongación de la arteria ilíaca 

interna tras su ramificación en arteria obturadora, arterias vesicales y 
arterias glúteas superior e inferior. El origen más frecuente de las 
arterias prostáticas proviene de la arteria pudenda interna (35-56%) 
(3,4). El tronco común glúteo-pudendo es el siguiente origen más 
frecuente (15-28%). En la mayoría de casos (60-76%) existe un único 
tronco común a cada lado de la próstata, si bien encontramos 
anastomosis con la terminaciones de las arterias pudendas internas 
(24%), con arterias prostáticas contralaterales (12%) y con arterias 
vesicales superiores (8%) (3,4). Después de su ramificación, la arteria 
sigue un curso tortuoso oblicuo y descendente hacia la parte posterior e 
inferior de la vejiga donde se ramifica en diferentes arterias vesicales 
inferiores. Termina en múltiples ramas prostáticas, que frecuentemente 
tras una bifurcación, resultan en dos pedículos principales. Se puede 
diferenciar un pedículo posterior que rodea a las vesículas seminales y 
los conductos deferentes alcanzando la próstata a nivel de su base. Por 
otro lado podemos identificar un pedículo anterior formado por una rama 
capsular anterior prostática que rodea el borde lateral de la próstata 
dirigiéndose hacia el ápex. La preservación del pedículo anterior 



 

prostático durante la prostatectomía radical, puede relacionarse con una mejor 
función eréctil e integridad peneana postoperatoria ya que podría ser 
responsable del flujo arterial auxiliar del pene (5,6). Tras alcanzar la 
pseudocápsula prostática, las arterias prostáticas dan lugar a numerosas 
ramas perforantes prostáticas, la mayoría localizadas entre las 2 y las 10 
horarias para el pedículo anterolateral, y entre las 5 y las 7 horarias para el 
pedículo posterolateral (3). El pedículo anterolateral es el responsable 
principalmente de la vascularización de la parte central de la glándula y de la 
zona de transición, mientras que el pedículo posterior vasculariza la zona 
periférica y apical. Debe remarcarse que existe una gran variabilidad inter e 
intraindividual en la anatomía vascular. 

 
1.2 Arterias pudendas accesorias. 
 

Las arterias pudendas accesorias o aberrantes son arterias que se 
encuentran superiores al diafragma pélvico y pasan posteriores al pubis para 
adentrarse en el hilum peneano (Figura 1). Pueden originarse de la arteria 
ilíaca interna o externa, así como de las arterias obturadoras. Su presencia es 
muy variante (se encuentran en el 4-75% de los varones) y suelen aportar 
vascularización arterial uni o bilateral a los cuerpos cavernosos (7,8). Pueden 
ser las únicas responsables del aporte arterial a los cuerpos cavernosos, por lo 
que su preservación será obligada durante la prostatectomía radical si 
queremos evitar la disfunción eréctil (6). Podemos distinguir dos tipos de 
arterias pudendas accesorias. 

Arterias pudendas accesorias laterales, corren a lo largo del arco fascial 
tendinoso de la pelvis en el surco existente entre la vejiga, próstata y pared 
pélvica lateral. Otra variante entra lateralmente debajo del hueso púbico. Todas 
ellas circulan por encima o por debajo de la fascia endopélvica. Las que 
circulan por encima de la fascia endopélvica generalmente proceden de ramas 
de la arteria vesical inferior o de la arteria ilíaca interna, mientras que las que 
circulan por debajo suelen emanar de una arteria obturadora o de la arteria 
iliaca externa (6). 

Arterias pudendas accesorias apicales, se encuentran laterales e 
inferiores a los ligamentos pubo-prostáticos y pubo-vesicales, en proximidad 
con la parte anterolateral del ápex. De forma característica suelen emerger 
lateralmente pasando a través del músculo elevador del ano para aproximarse 
al ápex tangencialmente y circular paralelamente al CVD hacia el pene (6). 
Suelen originarse a partir de una arteria obturadora.  

  
1.3 Complejo Venoso Dorsal (CVD). 

 
La próstata y el esfínter uretral se encuentran cubiertos ventralmente por 

el CVD o plexo de Santorini, el cual drena la sangre procedente de las venas 
peneanas conjuntamente con la venas uretrales y pélvicas laterales. 

Durante su ligadura, se puede dañar al tejido esfinteriano con la 
consiguiente repercusión sobre la continencia urinaria postoperatoria. Ganzer 
(9) demostró que el CVD rodea entre el 30% y 37% de la superficie del esfínter 
uretral a nivel del ápex prostático cubriéndolo lateral y dorsalmente. En caso 



 

que se llevara a cabo una ligadura en bloque transversal del CVD hasta sus 
límites laterales, una parte importante del tejido del esfínter podría verse 
incluido comprometiendo su correcto funcionamento. Para evitar este 
problema, se aconseja llevar a  cabo una disección y ligadura selectiva del 
CVD (9,10) durante la prostatectomía radical (Figura 2) 

2. Bandeletas neurovasculares. 
 

En el varón, el plexo hipogástrico inferior o plexo pélvico es el responsable 
de los mecanismos de la erección, eyaculación y continencia urinaria (11). 
Contiene fibras simpáticas que derivan del nervio hipogástrico cuyo origen 
reside principalmente en los ganglios situados entre T11 y L2 siendo los 
responsables de la eyaculación (12,13). El plexo pélvico también contiene 
fibras parasimpáticas que derivan principalmente de los nervios pélvico i 
esplácnico que a su vez se originan de las ramas ventrales de S2-S4 (Figura 
3). Estos nervios son los responsables de causar vasodilatación y aumentar el 
flujo arterial de sangre durante la erección a nivel de los cuerpos cavernosos 
(13).  
El plexo pélvico se encuentra situado dentro de un tejido fibroso y graso, con 
forma rectangular localizado en un plano sagital entre la vejiga y el recto (11–
14). 

Las fibras del plexo pélvico destinadas a la función sexual y urinaria 
rodean la parte lateral del cuello vesical, la parte proximal de la próstata y las 
vesículas seminales (13–15). Al no discurrir solas, si no acompañadas de 
estructuras vasculares, forman un complejo vasculo-nervioso que recibe el 
nombre de bandeleta neurovascular. 

Durante su curso a lo largo de la próstata, diferentes estudios han 
confirmado una distribución de los nervios en forma de spray entre las 2 y las 
10 horarias (15–18). Ganzer y colaboradores, utilizando planimetría 
computerizada, identificaron que la mayor parte de los nervios periprostáticos 
transcurrían en la superficie posterolateral de la próstata (Figura 4). La 
distribución de los nervios periprostáticos era variable, y hasta el 19% 
transcurría en una posición anterolateral (18). Este hallazgo fue corroborado 
por Alsaid y colaboradores, quienes encontraron que a nivel de su parte media 
la bandeleta neurovascular se encuentra más dispersa, con menos de dos 
tercios de las fibras nerviosas periprostáticas manteniéndose en la región 
posterolateral y un tercio de las mismas en las regiones anteriores y 
anterolaterales. A nivel del ápex (Figura 5), el 60% de los nervios se localizan 
posterolaterales, y el 40% anterolaterales (19). Reproduciendo la metodología 
de Ganzer y colaboradores, Clarebrough demostró que especialmente a nivel 
del ápex las fibras nerviosas son más predominantes en la parte anterolateral 
de la próstata (20). 

No obstante, el papel y la función que desarrollan las fibras nerviosas 
anterolaterales a nivel de la próstata es controvertido. Alsaid y colaboradores 
demostraron la presencia de fibras simpáticas, parasimpáticas y sensitivas en 
la parte anterolateral de la próstata (21). Por otro lado Ganzer mostró que hasta 
el 14.6% de todas las fibras nerviosas parasimpáticas se localizaban 
anterolaterales, sin embargo a nivel del ápex únicamente el 1.5% de todas las 



 

fibras parasimpáticas se mantenían en una localización anterior (22). Otro 
estudio parecido llevado a cabo por Costello demostró que únicamente el 7% 
de todas las fibras nerviosas parasimpáticas se encontraban en la parte 
anterolateral de la próstata (23). Puesto que la función eréctil está regulada por 
las fibras nerviosas parasimpáticas, es lógico pensar que la naturaleza 
fisiológica de estas fibras las hace partícipes de la erección. No obstante, el 
bajo porcentaje de fibras nerviosas parasimpáticas localizadas en la parte 
anterolateral de la próstata cuestiona la importancia e influencia de las mismas 
en la regulación de la función eréctil. Contrariamente, diferentes estudios han 
demostrado que realizar una preservación de los tejidos y fascias localizados 
en la parte anterior de la próstata comporta unos mejores resultados 
funcionales relacionados con la erección y la continencia urinaria respecto a los 
pacientes no sometidos a una preservación anterior (24–26). No queda claro no 
obstante, si este efecto es debido a la preservación de las fibras nerviosas que 
discurren por la región anterolateral de la próstata o bien a otras causas cómo 
un manejo menos traumático de la bandeleta neurovascular, una mejor 
identificación de los planos de disección o otros aspectos técnicos 
desconocidos. 

3. Fascias y estructuras tendinosas. 
3.1 Pseudocápsula prostática y fascia periprostática. 

 
Existe una gran controversia acerca de los límites externos de la 

glándula prostática. La estructura que llamamos cápsula es el borde estromal 
exterior del parénquima prostático, formado por capas de tejido fibromuscular 
de músculo liso dispuestas transversalmente que se combinan con un número 
variable de glándulas localizadas en la parte más externa de la superficie 
prostática (27). Debe remarcarse que esta capa de tejido fibromuscular 
condensado puede entremezclarse con el tejido periprostático confiriéndole un 
aspecto muy variable (2). Desde un punto de vista microscópico y patológico, el 
término correcto para esta capa de tejido sería músculo liso condensado o 
capa externa de la próstata. Desde un punto de vista macroscópico y 
quirúrgico, esta capa externa se suele distinguir y visualizar durante la 
prostatectomía radical, sirviendo en muchos casos como referencia anatómica. 
Así pues, muchos grupos están de acuerdo en utilizar el término 
pseudocápsula ya que parece un término intermedio que combina su 
naturaleza histopatológica y su apariencia clínica cómo límite exterior prostático 
en la práctica clínica diaria. 

La fascia existente en la superficie externa de la próstata ha recibido varios 
nombres: fascia pélvica lateral (14,16), fascia periprostática (26), fascia 
parapélvica (10) y más recientemente fascia prostática (24). Esta fascia no 
suele encontrarse en forma de una estructura de una sola capa que recubre 
todo el lateral de la próstata, sino que frecuentemente se ordena en varias 
capas de tejido colágeno y adiposo que recubren la próstata (28). A efectos 
prácticos, llamaremos fascia periprostática a todas aquellas fascias que se 
encuentran sobre la próstata y externas a la cápsula prostática (Figuras 4, 5, 6 
y 7). De esta manera la fascia periprostática se puede subdividir en dos 
elementos básicos según su localización: 



 

- Fascia anterior periprostática: este elemento cómo fascia endopélvica 
visceral se asocia con la superficie anterior prostática desde 
aproximadamente las 10-11 horarias hasta la 1-2 horarias, donde recubre el 
detrusor, el complejo venoso dorsal y se fusiona en la línea media con el 
estroma fibromuscular anterior de la próstata. 

- Fascia lateral periprostática: una vez la fascia endopélvica se abre 
lateralmente hacia el arco tendinoso fascial de la pelvis y el músculo 
elevador del ano queda situado lateralmente, la capa más externa de la 
superficie prostática es la fascia del elevador del ano. En ocasiones existe 
una fascia más interna a menudo formada por múltiples capas que cubre la 
cápsula prostática y que algunos autores denominan fascia prostática (24). 
Estas capas de la fascia, en la parte anterolateral de la próstata, se 
extienden des de la superficie anterior de la próstata hacia la parte posterior 
o dorsal abrazando la bandeleta neurovascular, localizándose la fascia 
lateral prostática externa a la bandeleta y convirtiéndose eventualmente en 
la fascia pararrectal, que separa al recto del elevador del ano (14,16). La 
capa más interna o fascia prostática pasa medial a la bandeleta recubriendo 
la cápsula prostática subyacente.  

 
3.2 Fascia posterior prostática y fascia de las vesículas seminales (Fascia de 
Denonvilliers). 

 
La parte posterior de la superficie prostática y de las vesículas seminales 

están cubiertas estrechamente por una capa de tejido continua que recibe el 
nombre de fascia posterior prostática y fascia de las vesículas seminales, 
respectivamente (29). Se han usado también otras nomenclaturas como fascia 
rectoprostática, fascia vesicular prostatoseminal y fascia de Denonvilliers 
(Figuras 8 y 9). Muraoka y colaboradores han investigado las variaciones intra 
e interindividuales de la fascia posterior prostática y de la fascia de las 
vesículas seminales. En su trabajo los autores muestran que a pesar que la 
configuración de estas fascias parece ser de una estructura membranosa firme, 
en realidad está formada por múltiples capas en fascículos con ramas 
entrelazadas entre ellas, localizándose múltiples capas a nivel ventral mientras 
que de una forma desordenada se va perdiendo tejido conectivo a nivel dorsal 
(30). Los autores observaron que existía una fusión entre las fascias prostática 
posterior y la fascia de las vesículas seminales con la pseudocápsula prostática 
cerca de la base prostática a nivel de la inserción de las vesículas seminales. 
Las fascias prostática posterior y de las vesículas seminales se extiendían y se 
dispersaban lateralmente hacia la bandeleta neurovascular, y los nervios 
periprostáticos corrían entre múltiples capas y parecían embebidos en el 
complejo fascial formado por las hojas de las fascias posterior prostática y de 
las vesículas seminales y la pseudocápsula (30). Otro trabajo publicado por 
Kim y colaboradores sugiere que la calidad del tejido de la fascia posterior 
prostática y de la fascia de las vesículas seminales varía entre pacientes, y que 
su origen podría estar inducido por tensiones de tejido fruto del desarrollo de 
los órganos a nivel pélvico, y no por fusión de tejidos como se había sugerido 
previamente. Debido a que este desarrollo puede variar de forma sustancial 
entre distintos pacientes, se entiende que la fascia pueda tener una 



 

configuración en distintas capas o estar compuesta, en otros casos, por una 
capa gruesa de tejido (31). 

 
3.3 Ligamentos pubo-prostáticos y pubo-vesicales. 

 
En su parte ventral, la zona proximal de la próstata se encuentra recubierta 

por fibras musculares que se originan del músculo longitudinal externo vesical y 
que se extienden sobre la glándula (Figuras 10 y 11). Estas fibras constituyen 
una estructura denominada “delantal del detrusor” (32–34). Los ligamentos 
pubo-vesicales y pubo-prostáticos son dos bandas fibrosas que se originan de 
la parte visceral de la fascia endopélvica, y se insertan en el tercio distal de la 
superficie posterior del hueso del pubis en una localización adyacente y 
anterior al esfínter uretral (34). Dado que se encuentran íntimamente adheridos 
a la parte ventral de la próstata se conocen oficialmente cómo ligamentos 
pubo-prostáticos (34–36). La relación de proximidad y la adherencia de los 
ligamentos pubo-vesicales y pubo-prostáticos con la parte anterior de la vejiga 
suele apreciarse fácilmente en pacientes con próstatas de tamaño pequeño o 
mediano, sin embargo en pacientes con hiperplasia benigna prostática de 
crecimiento ventral pueden ser difíciles de identificar (35). Los ligamentos pubo-
vesicales y pubo-prostáticos estabilizan la próstata, la uretra y la vejiga fijando 
estas estructuras al hueso del pubis, y se consideran un parte muy importante 
del sistema de suspensión relacionado con los mecanismos que influyen en la 
continencia urinaria (37–40). Algunos autores sugieren que la preservación de 
estos ligamentos durante la prostatectomía radical puede comportar una 
mejoría sustancial de la recuperación precoz de la continencia urinaria (41).   

4. Estructuras musculares. 
4.1 Musculatura del suelo pélvico. 

 
El músculo situado más internamente en la pelvis anterior es el músculo 

elevador del ano. En su localización próxima al esfínter uretral, recibe el 
nombre de músculo puboperineal, y representa el componente anteromedial 
del elevador del ano (10,42,43). La contracción voluntaria del músculo 
puboperineal tira de la uretra y de la próstata hacia adelante y hacia arriba, 
resultando en el cierre de la uretra (42). La inervación de este músculo corre a 
cargo de fibras del nervio pélvico largo o nervio elevador del ano, el cual 
discurre a lo largo de la superficie del músculo elevador del ano, lateral al arco 
tendinoso fascial (44). Si se desea preservar íntegramente la funcionalidad del 
músculo puboperineal y consecuentemente el mecanismo de parada rápida del 
chorro miccional, estos nervios deben ser identificados y preservados durante 
la cirugía. El nervio puede ser fácilmente lesionado al incidir la fascia 
endopélvica así como en la movilización y separación del músculo elevador del 
ano de la superficie prostática (44). 
  



 

4.2 Cuello vesical y esfínter urinario (esfínter vesical y esfínter uretral). 
 

Existen dos esfínteres urinarios bien reconocidos: un esfínter uretral interno 
proximal, que recibe el nombre de esfínter vesical, y un esfínter uretral externo 
distal, el cual recibe el nombre de esfínter uretral (45). Esta terminología parece 
más adecuada ya que la mayoría de tejido que conforma el esfínter vesical se 
encuentra a nivel caudal de la vejiga urinaria, y su función es la de cerrar el 
paso de la orina a nivel de la vejiga y no a nivel de la uretra. Además, el 
esfínter vesical sirve para separar la función de almacenamiento de orina a 
nivel de la vejiga de la parte genital del tracto genitourinario y que sirve para la 
función genital (eyaculación). Paralelamente, el esfínter uretral tiene su propia 
función a nivel de la uretra donde cierra la luz de la misma a una cierta 
distancia de la vejiga cuando esta se contrae (45).  
- Cuello vesical y esfínter vesical: El cuello vesical se define anatómicamente 

cómo la zona comprendida entre la salida de la vejiga y la entrada a la 
uretra prostática. Esta formado por diferentes estructuras; el músculo 
detrusor, el esfínter vesical y el tejido prostático adyacente. El músculo 
detrusor se constituye por una densa red de fibras entretejidas procedentes 
de tres capas de tejido muscular liso: una capa longitudinal interna, una 
capa circular intermedia y una capa longitudinal externa (45). El músculo 
detrusor se encuentra en íntimo contacto anterior y lateralmente con el 
cuello vesical, pero no existe participación de ninguna de sus tres capas en 
la conformación del esfínter vesical. Algunas fibras anteriores de la capa 
muscular longitudinal externa se extienden más allá de los límites de la 
próstata para alcanzar el pubis y formar los ligamentos pubo-prostáticos y 
pubo-vesicales. Esta funda de músculo liso también recibe el nombre de 
delantal detrusoriano anterior (2,34). Las fibras posteriores de la capa 
muscular longitudinal externa cubren el trígono posteriormente y dejan la 
vejiga a nivel del cuello vesical para penetrar en la parte posterior de la 
próstata. Esta estructura recibe el nombre de músculo vesicoprostático o 
delantal detrusoriano posterior (2,46,47). Estos paquetes musculares fijan la 
vejiga a la pelvis, pero no participan del sistema esfinteriano (Figura 6).  
El trígono es una área triangular y lisa que se extiende anteriormente desde 
los meatos ureterales hacia la apertura uretral, y contiene fibras 
longitudinales de músculo liso en su capa submucosa (45). Es en esta zona 
donde crece y se forma el lóbulo medio prostático en los pacientes con 
hiperplasia benigna de próstata. En su límite craneal, el trígono está 
formado por una banda submucosa transversa que es una prolongación del 
músculo ureteral, el cual se extiende desde un meato ureteral a su 
homónimo contralateral (45). La mayor parte de trígono está formado por 
fibras del esfínter vesical, el cual forma una estructura elíptica con sus fibras 
musculares lisas circulares que rodean la apertura uretral 
circunferencialmente. La apertura uretral se localiza excéntricamente en el 
tercio anterior de la elipse. Posteriormente, las fibras musculares circulares 
casi alcanzan los meatos ureterales (45). Esta estructura muscular forma 
parte del esfínter vesical y es responsable de una buena continencia 
urinaria, así como del cierre del cuello vesical durante la eyaculación para 
evitar la eyaculación retrógrada. En su parte inferior, las fibras circulares de 



 

este músculo rodean la uretra prostática proximal en dirección a los 
conductos eyaculadores. Esta parte del esfínter puede verse modificada 
como resultado del desarrollo de la hiperplasia benigna de próstata, y su 
parte intravesical puede desplazarse cranealmente hacia la parte interior de 
la vejiga.  

La técnica de preservación del cuello vesical se lleva a cabo en esta 
área anatómica con el objetivo de mejorar la continencia urinaria en el 
postoperatorio. No obstante sigue existiendo controversia acerca del efecto 
que esta técnica puede conllevar sobre la continencia urinaria y no se 
pueden sacar conclusiones en este sentido (48–51). 

- Esfínter uretral: el complejo esfinteriano uretral se encuentra localizado 
distalmente al ápex prostático. Tiene una relación de proximidad estrecha 
pero independiente del músculo elevador del ano, y por tanto es 
independiente de la musculatura del suelo pélvico (52,53). 
El esfínter uretral está formado por dos tipos de músculo. Por una parte, las 
fibras musculares estriadas externas adquieren una forma de letra omega y 
se extienden hacia el ápex y la superficie anterior de la próstata (54–57). 
Algunos autores han descrito la existencia de una extensión del músculo 
estriado hacia la parte interna del ápex prostático (58). Por otra parte, 
encontramos dos capas de músculo liso situadas más internamente 
rodeando completamente la uretra, en su parte externa orientadas 
circunferencialmente mientras que en su parte más interna se orientan 
longitudinalmente (53) (Figuras 5 y 6). Las capas de músculo liso tienen su 
límite proximal a nivel del veru montanum (18,54). La forma del ápex 
prostático puede variar sustancialmente entre pacientes, influyendo 
directamente en la forma y longitud del esfínter uretral desde su origen en al 
ápex prostático, ya que partes del esfínter uretral se pueden encontrar 
dentro del ápex prostático formando una estructura bien diferenciada 
rodeada de tejido prostático (58). El ápex prostático puede solaparse con el 
esfínter uretral circunferencialmente de forma simétrica bilateral, asimétrica 
unilateral, o únicamente en su zona anterior o posterior (32). Un 
solapamiento significativo puede comportar que la preservación completa 
del esfínter uretral durante la prostatectomía radical sea muy difícil. 
Basado en la anatomía que acabamos de definir, Schlomm y colaboradores 
describieron la preservación del esfínter uretral en toda su longitud tras la 
identificación y disección de las capas musculares estriadas y lisas a nivel 
del ápex prostático hasta el veru montanum (58). Esta técnica permite la 
preservación de la totalidad del esfínter uretral en su longitud, 
independientemente de la forma que tenga el ápex prostático. Los autores 
publicaron que con este abordaje conseguían tasas de continencia precoz 
del 50% a la semana de la retirada de la sonda vesical y del 97% a los 12 
meses (58). Hoy en día no queda claro si la disección proximal o distal al 
veru montanum tiene una implicación directa en los resultados referentes a 
la continencia urinaria, no obstante la mayoría de autores están de acuerdo 
en que una disección que consiga una preservación en toda su longitud del 
esfínter uretral debería comportar una mejor continencia urinaria (58,59). 

  



 

5. Técnicas quirúrgicas y preservación de las bandeletas neurovasculares. 
 

Debido a la gran variabilidad anatómica tanto intra cómo interindividual 
de la glándula prostática y de todos los tejidos que la rodean, resulta 
imposible reproducir una misma técnica quirúrgica de disección y 
preservación de las bandeletas neurovasculares en todos los pacientes. Sin 
embargo, el hecho que la fascia periprostática se disponga en forma de 
mútliples capas, permite al urólogo elegir qué grado de disección va a llevar 
a cabo. En el caso de un paciente con bajo riesgo de afectación 
extraprostática, el urólogo puede optar por una disección más cercana a la 
glándula prostática respetando la mayor parte del tejido que conforman las 
bandeletas neurovasculares. Contrariamente, en casos de alto riesgo de 
afectación extraprostática se puede optar por un plano de disección más 
amplio y más alejado de la glándula prostática con el fin de evitar la 
presencia de márgenes positivos a cuenta de una peor preservación de los 
tejidos que conforman las bandeletas neurovasculares. Se han descrito 
múltiples variaciones técnicas acerca de la disección y preservación de las 
bandeletas neurovasculares que recogemos a continuación. 
 

5.1 Disección intrafascial. 
  

 Se considera cómo la disección que sigue un plano próximo a la 
pseudocápsula, permaneciendo en una situación interna a la fascia prostática 
en la zona antero y posterolateral de la próstata y anterior a la fascia posterior 
prostática y a la fascia de las vesículas seminales. Este tipo de disección 
permite la preservación del tejido de la bandeleta neurovascular en su práctica 
totalidad (60). 

 
5.2 Disección interfascial. 

 
 Se considera cómo la disección llevada a cabo entre las diferentes 
capas de la fascia periprostática. Generalmente conlleva una preservación 
parcial de los tejidos que forman la bandeleta neurovascular. Suele ser una 
abordaje que deja un mayor margen de seguridad alrededor de la próstata y 
por tanto se considera un abordaje oncológicamente más seguro dada la 
menor probabilidad de márgenes positivos. 

 
5.3 Disección extrafascial. 

 
 La disección se lleva a cabo lateral a la fascia del músculo elevador del 
ano y posterior a la fascia posterior prostática y a la fascia de las vesículas 
seminales. En este caso la bandeleta neurovascular suele resecarse 
completamente y no se preserva. Se considera la más segura 
oncológicamente a pesar de que comporta un mayor riesgo de disfunción 
eréctil cuando se lleva a cabo de forma bilateral. 
 

Se ha sugerido utilizar una terminología alternativa, surgida de un panel 
de consenso (48). En este sentido la disección intrafascial se denominaba 



 

preservación total de la bandeleta neurovascular, la disección interfascial se 
nombraba cómo preservación parcial de la bandeleta neurovascular 
mientras que la disección extrafascial era considerada cómo no 
preservación o preservación mínima de la bandeleta neurovascular (Figura 
12). Otros autores han propuesto clasificar la disección de la bandeleta 
neurovascular de acuerdo con diferentes grados en función de la cantidad 
de tejido que se deja cómo margen sobre la próstata (5,61).  

Tewari y colaboradores proponen un sistema de gradación en 4 niveles 
o grados, siendo el grado 1 el de máxima preservación de la bandeleta 
neurovascular mientras que el grado 4 se corresponde con la no 
preservación de la bandeleta neurovascular (61). Para su clasificación los 
autores usan las venas que discurren por la parte lateral de la próstata 
cómo referencias vasculares anatómicas para definir los planos de 
disección (Figura 13). La disección llevada a cabo entre las venas 
periprostáticas y la pseudocápsula prostática se considera grado 1. Los 
casos en los que la disección se lleva a cabo justo donde están las venas 
se considera grado 2. Cuando la disección deja más tejido sobre las venas 
y la próstata se considera grado 3, mientras que la disección extrafascial se 
considera grado 4 (61). Utilizando el sistema propuesto por Tewari, 
Srivastava y colaboradores publicaron que la recuperación precoz de la 
continencia urinaria se relacionaba con el grado de preservación de la 
bandeleta, llegando al 72% en los pacientes con disección grado 1, versus 
55%, 46% y 44% para los grados 2, 3 y 4 respectivamente (62).  

Patel y colaboradores describen otra clasificación inversa en 5 grados en 
la que el grado 5 representa una preservación óptima de la bandeleta 
neurovascular mientras que el grado 1 se corresponde a la no preservación 
de la bandeleta neurovascular (63). En este caso los autores utilizan la 
vascularización arterial periprostática cómo referencia anatómica, las cuales 
se logran identificar en el 73% de los pacientes (5). La disección grado 5 es 
la que consigue la máxima preservación de la bandeleta neurovascular, y se 
lleva a cabo siguiendo el plano de disección entre la arteria periprostática y 
la pseudocápsula prostática externamente a la fascia prostática. En el grado 
4 la disección se lleva a cabo en un plano entre la arteria y la 
pseudocápsula prostática a través de la bandeleta neurovascular. Durante 
la cirugía, se confirma que se sigue el plano correcto cuando se objetiva la 
presencia de tejido adiposo sobre la próstata en ausencia de vasos 
arteriales. En la disección grado 3 se crea un plano de disección en la parte 
lateral de la arteria, con lo que la arteria es clipada a nivel del pedículo 
prostático. En este caso se confirma el plano correcto cuando se objetiva la 
presencia de tejido adiposo sobre la próstata conjuntamente con la 
presencia de vaso arterial en la parte superior. La disección grado 2 se 
realiza creando un plano lateral a unos pocos milímetros del vaso arterial, 
siguiendo el contorno de la próstata. En este caso la confirmación del plano 
viene dada por la presencia de una gruesa capa de tejido adiposo sobre la 
próstata que contiene en su interior los vasos arteriales. Finalmente en la 
disección grado 1 se lleva a cabo una disección extrafascial (63) (Figura 
14). 



 

Debido a la naturaleza microscópica y a la variabilidad anatómica del 
tejido nervioso no podemos identificar de una forma fiable la localización y 
recorrido de los nervios a nivel de la próstata; por tanto, el concepto de 
diferentes planos de disección persigue más un objetivo relacionado con 
incrementar el margen de seguridad con el fin de evitar márgenes positivos 
que no el hecho de preservar el tejido nervioso con certeza. Este hecho 
comporta que sea imposible definir o predecir qué cantidad exacta de tejido 
nervioso se está preservando en cada paciente. Por el contrario, podemos 
controlar mejor la cantidad de tejido que dejamos sobre la próstata 
sobretodo en aquellos pacientes con tumores cercanos a la cápsula con el 
objetivo de evitar un margen positivo (60). 

Hoy en día no existe un consenso sobre cual de los dos sistemas de 
gradación utilizar, y sería deseable disponer de un sistema estándar con 
referencias anatómicas claras que permitieran definir técnicas de disección 
fácilmente reproducibles y obtener resultados comparables (48). No 
obstante, la realidad ha seguido un camino distinto al deseado, y en los 
últimos años hemos presenciado como diferentes grupos han descrito 
nuevas técnicas de disección o modificaciones de las ya existentes, siempre 
con el objetivo de mejorar la recuperación funcional del paciente tras la 
cirugía. Modificaciones en la disección apical para maximizar la longitud de 
la uretra (64), la preservación del complejo puboprostático anterior 
(reconstrucción anterior) (65), la sutura del la fascia de Denonvilliers para un 
mejor soporte posterior (reconstrucción posterior y punto de Rocco) (57) 
(Figuras 15-18), la plicatura del cuello vesical (66), la técnica de la capucha 
(Figura 19) en la que se intenta respetar el delantal detrusoriano, el 
complejo ligamentoso puboprostático, el arco tendinoso, la fascia 
endopélvica y el saco de Douglas (67), o la técnica de preservación del 
espacio de Retzius donde se realiza toda la disección intrafascial de la 
próstata y anastomosis uretrovesical a través de una incisión de unos 5-7 
cm en el fondo de Saco de Douglas (68) son algunas de las técnicas 
quirúrgicas más relevantes descritas en los últimos años que no hacen más 
que diversificar y ampliar la oferta de opciones quirúrgicas sobre las que 
cada urólogo podrá acabar de definir cómo quiere llevar a cabo su cirugía. 
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Figura 1. Arterias pudendas aberrantes y accesorias: (a) arteria pudenda 
aberrante lateral supraelevadora, rama de la arteria iliaca interna; (b) arteria 
pudenda accesoria apical, rama de una arteria pudenda infraelevadora; (c) 
arteria pudenda accesoria lateral, rama de la arteria obturadora; (d) arteria 
pudenda accesoria rama de la arteria iliaca externa con ramas aberrantes 
obturadoras y infravesicales. Obtenido de Walz y colaboradores (2). 
 

 
Figura 2. Esquema que muestra cómo la ligadura selectiva del complejo 
venoso dorsal incluyendo únicamente la fascia endopélvica y la parte 
membranosa del esfínter externo permite respetar el resto de estructuras 
musculares esfinterianas y las bandeletas neurovasculares que discurren entre 
las 2 y 10 horarias (marcadas con flechas rojas). Obtenido de Budäus y 
colaboradores (40). 

 
  

Presumably, they branch off from an obturator artery or
infralevator pudendal artery. Large apical accessory puden-
dal arteries may represent aberrant pudendal arteries,
whereas smaller ones often provide only minor arterial
supply to the corpora cavernosa [33].

3.4. Fascias of the prostate

3.4.1. Endopelvic fascia

The pelvic organs are covered by fascias [13,24,35].
According to the Terminologia Anatomica, the pelvic fascias
are either parietal or visceral [36]. The parietal component
denotes the fascia covering the medial aspects of the levator
ani muscle, and some authors refer to it as endopelvic fascia
[9,25]. Others consider the entire parietal and visceral pelvic
fascia as endopelvic fascia [22,24,37]. In this paper, we
distinguish a parietal endopelvic fascia and a visceral
endopelvic fascia. The visceral component of the endopelvic
fascia covers the pelvic organs including prostate, bladder,
and rectum, and it is fused with the anterior fibromuscular
stroma of the prostate at the upper ventral aspect of the
gland (Figs. 1–3) [24,38–40].

Along the pelvic sidewall at the lateral aspect of the
prostate and bladder, the parietal and the visceral
components of the endopelvic fascia are fused. As a fascial
condensation, this fusion is often recognizable as a whitish
line and named the fascial tendinous arch of the pelvis. It
stretches from the PV/PPLs to the ischial spine. During
surgery, access to the lateral prostate may be gained by
incision of the endopelvic fascia either medial or lateral to
this fusion [8,13,25]. Some authors have suggested that
avoiding incision of the endopelvic fascia during radical
prostatectomy, often combined with an intrafascial nerve–
sparing procedure, might improve early recovery of urinary
continence as well as improve postoperative erectile
function, but definitive evidence has yet to be established
[24,37,41].

The parietal endopelvic fascia includes fascia of the
levator ani muscle (Fig. 1). The incision of this fascia
immediately lateral to the fascial tendinous arch incises the
levator ani fascia (LAF) and leaves the muscle fibers of the
levator ani bare and the LAF adherent to the prostate

Fig. 3 – Axial section of sphincteric urethra: (a) anatomic (reproduced
with permission from the Mayo Clinic); (b) schematic.
DVC = dorsal vascular complex; LAF = levator ani fascia; MDR = median
dorsal raphe; NVB = neurovascular bundle; PB = pubic bone;
PV/PPL = pubovesical/puboprostatic ligament; pp = puboperinealis
muscle; PR = puborectalis muscle; R = rectum; RU = rectourethralis
muscle; SS = striated sphincter (rhabdosphincter); C SMS = circular
smooth muscle sphincter (lissosphincter); L SMS = longitudinal smooth
muscle sphincter (lissosphincter); U = urethra; VEF = visceral endopelvic
fascia.

Fig. 4 – Aberrant and accessory pudendal arteries: (a) aberrant lateral supralevator pudendal artery branching from internal iliac artery; (b) accessory apical
pudendal artery branching from infralevator pudendal artery; (c) accessory lateral pudendal artery branching from obturator artery; (d) accessory pudendal
artery branching from external iliac artery with aberrant obturator and infravesical branches. Reproduced with permission from the Mayo Clinic.
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1. Introduction

Open retropubic prostatectomy (RP) is one of the standard
surgical approaches for the treatment of clinically localised
prostate cancer [1]. In recent years, aside from the
established open retropubic or perineal approach, conven-
tional laparoscopic prostatectomy and, especially, robotic-
assisted radical prostatectomy (RALP) are increasing in
popularity [2,3] Today, most institutions have a preferred
surgical approach, based on their surgical school, and
favourable outcomes are reported with respective techni-
ques [2–8]. In a recent review article, no superiority was
found for a certain technique, and the authors concluded that
time will tell whether a certain surgical approach will be
advantageous [9]. However, as such data are not available
and all techniques are in a constant refinement process, it is
important that updates of the existing techniques be
published to allow an ongoing contemporary comparison
of the available approaches. Such studies will permit a fair
judgement of developments in each technique and make the
assessment of functional outcome, efficacy, and morbidity
easier. In this paper, we report our current technique of open
nerve-sparing RP (nsRP), including cancer control rates,
functional outcome, and perioperative morbidity.

2. Methods and patients

2.1. General recommendations for performing nerve-sparing

retropubic prostatectomy

We are using a Bookwalter autoretractor system (Codman, Le Locle,

Switzerland), 4- to 5-fold magnification glasses, and a xenon headlamp

for optimal exposure and illumination of the operative field. No specific

positioning of the patient is necessary.

For performing nsRP, we recommend a spinal anaesthesia and

additional total intravenous anaesthesia. Intravenous fluid replacement

is restricted to 500 ml until the prostate is removed. Based on an

individual fast-track concept, discharge from hospital in a good physical

constitution is regularly possible 3–4 d after surgery (the German health

system has directed that patients undergoing RP have to stay in hospital

for at least 4 d).

2.2. Incision of the endopelvic fascia and preparation of the

dorsal venous complex

After an 8–10-cm median skin incision, the retropubic space and the

cavum recii is established. Then the endopelvic fascia is incised and

fibres of the levator ani muscle are gently pushed away. However, fibres

from the levator urethrae are preserved to maintain its anterior fixation.

The attachment of the detrusor apron, known as the puboprostatic

ligaments, are isolated and then sharply dissected. Throughout the

operation, no coagulation should be used close to the neurovascular

bundle or on the surface of the prostate in order to avoid damage of the

nerves.

A superficial stay suture is placed distally from the prostate, which

will later be used for the selective ligation and for oversewing of the

plexus. The lateral parts of the fascia of the sphincter muscle are not

touched, as they separate the sphincter from the neurovascular bundle

(Fig. 1). These structures are known as Mueller’s ligaments, a continuation

of the ventral fascia of the striated sphincter. Mueller himself called

these structures ischioprostatic ligaments (Fig. 2).

To avoid back bleeding, an additional Vicryl 2/0 suture is placed in

the midline of the prostate. The incision of the exposed dorsal vein

complex, situated between the continuation of the endopelvic fascia on

top and the fascia of circular striated sphincter muscle below, starts close

to the apex of the prostate. The dorsal vein complex is dissected without

any ligation until the fascia of the external sphincter is visible. While the

fascia of the external sphincter is superficially incised, care is taken that

the underlying muscle fibres of the external sphincter are kept intact.

The selective suturing of the distal parts of the dorsal vein complex

between 10 and 2 o’clock includes two layers: The ventral part of the

dorsal vein complex consists of the continuation of the endopelvic fascia;

the dorsal part is covered by the fascia of the external sphincter. This

selective approach guarantees that functional tissue of either the

sphincter fibres or the urethra is not incorporated into the ligation and

that traction to the adjacent tissue is avoided (Fig. 3).

2.3. The intrafascial nerve-sparing procedure

The dissection of the neurovascular bundles starts high up on the

anterior aspect of the prostate with incision of the parapelvic fascia

Fig. 1 – The dorsal vein complex adjacent to the prostate, starting on the
higher half of the prostate at the 2 o’clock and the 10 o’clock positions.

Fig. 2 – Only the endopelvic fascia and the membrane of the external
sphincter are included within the oversewn distal part of the dorsal vein
complex. Mueller’s ligaments, with the adjacent neurovascular bundles
below the 10 o’clock and the 2 o’clock positions, are marked with red
arrows.
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Figura 3. Plexo pélvico originado del nervio hipogástrico y de raíces S2-S4 y 
sus relaciones anatómicas con el recto (R), músculo elevador del ano, vejiga 
(B), vesículas seminales (SV), próstata (P) y cuerpo cavernoso. Obtenido de 
Costello y colaboradores (14). 

 
Figura 4. Sección axial de la próstata y fascias periprostáticas a nivel de la 
parte media de la próstata: (a) anatómico. 
AFS: estroma anterior fibromuscular; C: cápsula prostática; DA: delantal 
detrusoriano; DVC: complejo venoso dorsal; ED: conductos eyaculadores; 
FTAP: arco tendinoso fascial de la pelvis; LA: músculo elevador del ano; LAF: 
fascia del músculo elevador del ano; NVB: bandeleta neurovascular; PB: hueso 
púbico; PEF: fascia endopélvica parietal; PF: fascia prostática; pPF/SVF: fascia 
prostática posterior/fascia de las vesículas seminales (fascia de Denonvilliers); 
PZ: zona periférica; R: recto; TZ: zona de transición; U: uretra; VEF: fascia 
endopélvica visceral. Obtenido de Walz y colaboradores (2). 
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accuracy of graft anastomosis to the 
cavernosal nerves, the branches to the 
corpora cavernosa need to be distinguished 
from branches to the prostate, rectum and 
levator ani. The delineation of a topographic 
map of the neural constituents of the NVB by 
the present study aids in identifying distal 
cavernosal nerves. The cavernosal nerves from 
the mid-prostatic level to the prostatic apex 
are generally in the anterior section of the 
NVB. They are positioned posterior to the 
capsular vessels and nerves of the prostate, 
and medial to the nerves and vessels of the 
rectum and levator ani. Identifying the 
cavernosal nerves proximally is difficult, 
especially above the level of the prostatic 
base, where there is no reliable functional 
organization of the neural constituents [15]. 
Thus, to which severed proximal nerves 
should the nerve graft be anastomosed?

Attaching the sural nerve graft to all of the 
severed nerve ends proximally, in an attempt 
to overcome problems with identifying 
cavernosal nerves, is not feasible, as the width 
of cavernosal nerve plexus exceeds the graft 
diameter in some men. Although the NVB was 
relatively compact in most of the dissections 
at the mid-prostatic level (0.5–1.5 cm), when 
approaching the prostatic apex and base the 
neural structures are extensively spread. 
Branches to the rectum and levator ani are 
responsible for the widening of the NVB 
distally. As these nerves branch proximal 
to the level of the prostatic apex they 
can generally be distinguished from the 
cavernosal nerves. At the level of the prostatic 
base and seminal vesicles, the anterior- 
and posterior-most nerves of the NVB are 
separated by up to 3 cm. As the cavernosal 
nerves cannot reliably be distinguished from 
the neural supply to the prostate, rectum and 
levator ani at this level, graft anastomosis 
would have to encompass all severed nerve 
endings to guarantee accurate graft 
interposition. A single sural nerve graft will 
not always be capable of achieving this. As the 
nerves within the NVB converge en route to 
the mid-prostatic level, inaccuracies in graft 
anastomosis will inevitably be more profound 
in men who have a high proximal resection of 
the NVB (i.e. with prostate cancer and seminal 
vesicle infiltration).

We recognize that the width of the NVBs 
reported here may be criticised as being 
overstated, as a result of the dissection 
process. Additional measurements of NVBs 
before meticulous dissection showed 

 

FIG. 7.

 

(A,B) Lateral views (R) of the NVB;

 

(C) 

 

Lateral view (L) of the NVB; the
levator ani and lateral pelvic

fascia have been excised. The NVB
can be seen coursing over the

posterolateral surface of the
prostate, extending posteriorly to

the anterolateral surface of the
rectum. The coalescence of the

NVB on approaching mid-
prostatic level and its divergence
to supply neural branches to the

levator ani and cavernosal nerves
is apparent. The rectum has been

displaced posteriorly to varying
degrees, exaggerating the

distance between the rectum and
the prostate. The general

functional organization of the
NVB constituents can be seen

with the cavernosal nerves
located in the anterior aspect,

medial to the neurovascular
supply of the rectum and levator

ani at the level of the prostatic
apex.
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FIG. 8.

 

Pelvic plexus; showing the
multiple contributions of the

pelvic plexus: rectum (R), levator
ani, bladder (B), seminal vesicles

(SV), prostate (P) and corpus
cavernosum.

pubic bone to finally enter the penile hilum. They may
originate from the internal or external iliac or obturator
arteries as opposed to the small arteries present within the
DVC as previously mentioned. Accessory or aberrant
pudendal arteries are present in 4–75% of all men and
provide unilaterally or bilaterally arterial blood to the
corpora cavernosa [27,28]. They may be solely responsible
for arterial blood supply to the corpora cavernosa; if so,
preservation of these arteries during prostatectomy would
be mandatory to avoid erectile dysfunction caused by penile
arterial insufficiency [29–32]. Two different types of
accessory or aberrant pudendal arteries are categorizable
(Fig. 4) [31,33].

Lateral accessory or aberrant pudendal arteries run along
the fascial tendinous arch of the pelvis in the groove
between the bladder, prostate, and pelvic sidewall (Fig. 4).
Another variation enters laterally below the pubic bone. All
run either above or below the endopelvic fascia. Those
running above the endopelvic fascia usually branch off from

either the inferior vesical or internal iliac artery, whereas
those running below usually emanate from an obturator
artery or external iliac artery [31,33,34].

Apical accessory pudendal arteries are found inferior and
lateral to the PV/PPLs, in proximity to the anterolateral
aspect of the prostate apex (Fig. 4). They characteristically
emerge laterally, having passed through the adjacent
levator ani muscle. They then approach the apex tangen-
tially and may often extend to the apex before running
parallel into the DVC and toward the penis [31,33].

Fig. 1 – Axial section of prostate and periprostatic fascias at midprostate:
(a) anatomic (reproduced with permission from the Mayo Clinic);
(b) schematic.
AFS = anterior fibromuscular stroma; C = capsule of prostate;
DA = detrusor apron; DVC = dorsal vascular complex; ED = ejaculatory
ducts; FTAP = fascial tendinous arch of pelvis; LA = levator ani muscle;
LAF = levator ani fascia; NVB = neurovascular bundle; PB = pubic bone;
PEF = parietal endopelvic fascia; PF = prostatic fascia; pPF/SVF = posterior
prostatic fascia/seminal vesicles fascia (Denonvilliers’ fascia);
PZ = peripheral zone; R = rectum; TZ = transition zone; U = urethra;
VEF = visceral endopelvic fascia.

Fig. 2 – Midline sagittal section of prostate, bladder, urethra, and striated
sphincter: (a) anatomic (reproduced with permission from the Mayo
Clinic); (b) schematic.
B = bladder; C = capsule of prostate; CS = colliculus seminalis
(verumontanum); DA = detrusor apron; DVC = dorsal vascular complex;
MDR = medial dorsal raphe; PS = pubic symphysis; pPF/SVF = posterior
prostatic fascia/seminal vesicle fascia (Denonvilliers’ fascia); R = rectum;
RU = rectourethralis muscle; SMS = smooth muscle sphincter
(lissosphincter); SS = striated sphincter (rhabdosphincter); U = urethra;
VEF = visceral endopelvic fascia; VPM = vesicoprostatic muscle.
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1. Introduction

In 2010, we published a review on the current knowledge of
the anatomy of the prostate and surrounding tissue with the
aim of helping urologists better understanding the diverse
structures encountered during radical prostatectomy (RP)
and applying the current nomenclature for these structures
correctly [1]. We now present an update, taking the most
recent research results into consideration as well as the
most recently published technical variations of RP and
adding topics that we left out of the previous article.

2. Evidence acquisition

We searched the PubMed database to identify original and
review articles in English that addressed the anatomy of the
prostate and relevant structures adjacent to the prostate,
with an emphasis on work published after the publication of
our previous review (February 2010 to July 2015). The
keywords used were prostate, radical prostatectomy, anato-
my, neurovascular bundle, nerve, fascia, pelvis, sphincter,
urethra, urinary continence, and erectile function. Relevant
articles and textbook chapters were reviewed, analysed,
and summarised, with the consensus of all authors.

3. Evidence synthesis

Regarding the pubovesical/puboprostatic ligaments, the
accessory pudendal arteries, the vesicoprostatic muscle,
and the periprostatic fascia, no new anatomic knowledge
was acquired (Figs. 1–4). Consequently, we refer to the
previous article for this information [1].

3.1. Dorsal vascular complex

The dorsal vascular complex (DVC) overlies the urethral
sphincter ventrally. During its ligation, injury to the
sphincter tissue is possible, resulting in potentially de-
creased postoperative continence. A recent study by Ganzer
et al demonstrated that 37% and 30% of the cross-sectional
urethral sphincter surface area are laterally overlapped by
the DVC at the prostate apex and 5 mm distal to the apex,
respectively. The DVC covers the urethral sphincter tissue
laterally and dorsally (Fig. 3) [2]. In the case of transverse en
bloc ligation of the DVC dorsal to its lateral limits, a
substantial portion of the sphincter tissue might be
included in the ligation and rendered nonfunctional. To
avoid this problem, selective dissection and ligation of the
DVC is strongly recommended [2,3].

complex and widely variable. These details facilitate surgical orientation and dissection
during RP and ideally should translate into improved outcomes.
Patient summary: Based on recent anatomic findings regarding the prostate and its
surrounding tissue, the urologist can individualise the dissection during RP according to
cancer and patient characteristics to improve oncologic and functional results at the same
time.
# 2016 European Association of Urology. Published by Elsevier B.V. All rights reserved.

[(Fig._1)TD$FIG]

Fig. 1 – Axial section of prostatic and periprostatic fascia at midprostate.
A = apex; AFMS = anterior fibromuscular stroma; B = bladder; DA = detrusor apron; DF = Denonvilliers fascia; DVC = dorsal vascular complex;
FTAP = fascial tendinous arch of pelvis; LAF = levator ani fascia; M = midprostate; NVB = neurovascular bundle; PC = pseudocapsule; PPF = periprostatic
fascia; PPF/SVF = posterior prostatic fascia/seminal vesical fascia; PRS = perirectal space; PZ = peripheral zone; R = rectum; SV = seminal vesicle;
TZ = transition zone; U = urethra; VEF = visceral endopelvic fascia.
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Figura 5. Sección axial a nivel del esfínter uretral: (a) anatómico.  
A: ápex; B: vejiga; C SMS: esfínter músculo liso circular; DVC: complejo venoso 
dorsal; EPF: fascia endopélvica; LA: músculo elevador del ano; LAF: fascia del 
músculo elevador del ano; L SMS: esfínter músculo liso longitudinal; M: 
próstata media; MDR: rafe dorsal medio; NVB: bandeleta neurovascular; PB: 
hueso púbico; PV/PPL: ligamento pubo-vesical/pubo-prostático; R: recto; SS: 
esfínter estriado; SV: vesícula seminal; U:uretra. Obtenido de Walz y 
colaboradores (2). 

 
  

Presumably, they branch off from an obturator artery or
infralevator pudendal artery. Large apical accessory puden-
dal arteries may represent aberrant pudendal arteries,
whereas smaller ones often provide only minor arterial
supply to the corpora cavernosa [33].

3.4. Fascias of the prostate

3.4.1. Endopelvic fascia

The pelvic organs are covered by fascias [13,24,35].
According to the Terminologia Anatomica, the pelvic fascias
are either parietal or visceral [36]. The parietal component
denotes the fascia covering the medial aspects of the levator
ani muscle, and some authors refer to it as endopelvic fascia
[9,25]. Others consider the entire parietal and visceral pelvic
fascia as endopelvic fascia [22,24,37]. In this paper, we
distinguish a parietal endopelvic fascia and a visceral
endopelvic fascia. The visceral component of the endopelvic
fascia covers the pelvic organs including prostate, bladder,
and rectum, and it is fused with the anterior fibromuscular
stroma of the prostate at the upper ventral aspect of the
gland (Figs. 1–3) [24,38–40].

Along the pelvic sidewall at the lateral aspect of the
prostate and bladder, the parietal and the visceral
components of the endopelvic fascia are fused. As a fascial
condensation, this fusion is often recognizable as a whitish
line and named the fascial tendinous arch of the pelvis. It
stretches from the PV/PPLs to the ischial spine. During
surgery, access to the lateral prostate may be gained by
incision of the endopelvic fascia either medial or lateral to
this fusion [8,13,25]. Some authors have suggested that
avoiding incision of the endopelvic fascia during radical
prostatectomy, often combined with an intrafascial nerve–
sparing procedure, might improve early recovery of urinary
continence as well as improve postoperative erectile
function, but definitive evidence has yet to be established
[24,37,41].

The parietal endopelvic fascia includes fascia of the
levator ani muscle (Fig. 1). The incision of this fascia
immediately lateral to the fascial tendinous arch incises the
levator ani fascia (LAF) and leaves the muscle fibers of the
levator ani bare and the LAF adherent to the prostate

Fig. 3 – Axial section of sphincteric urethra: (a) anatomic (reproduced
with permission from the Mayo Clinic); (b) schematic.
DVC = dorsal vascular complex; LAF = levator ani fascia; MDR = median
dorsal raphe; NVB = neurovascular bundle; PB = pubic bone;
PV/PPL = pubovesical/puboprostatic ligament; pp = puboperinealis
muscle; PR = puborectalis muscle; R = rectum; RU = rectourethralis
muscle; SS = striated sphincter (rhabdosphincter); C SMS = circular
smooth muscle sphincter (lissosphincter); L SMS = longitudinal smooth
muscle sphincter (lissosphincter); U = urethra; VEF = visceral endopelvic
fascia.

Fig. 4 – Aberrant and accessory pudendal arteries: (a) aberrant lateral supralevator pudendal artery branching from internal iliac artery; (b) accessory apical
pudendal artery branching from infralevator pudendal artery; (c) accessory lateral pudendal artery branching from obturator artery; (d) accessory pudendal
artery branching from external iliac artery with aberrant obturator and infravesical branches. Reproduced with permission from the Mayo Clinic.
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3.2. Prostate arterial supply

The internal pudendal artery is the prolongation of the
internal iliac artery after branching off the obturator artery,
the vesical arteries, and the superior and inferior gluteal

arteries. The most frequent origin of prostate arteries is from
the internal pudendal artery (35–56%) [4,5]. The common
gluteal–pudendal trunk is the next most frequent origin (15–
28%), and less frequently the prostate arteries branch off the
obturator artery (10–12%) or the inferior gluteal artery. Per
side, there is only one common trunk in most cases (60–76%),
and there are anastomoses with the termination of the
internal pudendal arteries (24%), contralateral prostate
arteries (12%), and superior vesical arteries (8%) [4,5]. After
branching off, the artery has a tortuous course obliquely
downward in trajectory towards the posterior and inferior
part of the bladder and provides several inferior vesical
arteries. It terminates with numerous prostate branches,
often after a bifurcation, resulting in two main pedicles. The
urologist can differentiate a posterior pedicle surrounding
seminal vesicles and deferential ducts reaching the prostate
base as well as an anterior pedicle surrounding the lateral
border of the prostate finally running to the prostate apex as
an anterior capsular prostate branch. These latter arteries,
when preserved during RP, may relate to postoperative
erectile function and penile integrity because they may be
responsible for ancillary penile blood flow [6,7]. After
reaching the prostate pseudocapsule, the prostate arteries
give rise to numerous perforating branches to the prostate,
with most penetrations found at the 2 o’clock or 10 o’clock
position for the anterolateral pedicle and at the 5 o’clock or
7 o’clock position for the posterolateral pedicle [4]. The
anterolateral pedicle vascularises mainly the central gland
and the transition zone, whereas the posterior pedicle
vascularises most of the peripheral zone and apical area.
Note that there is considerable inter- and intraindividual
variability in the vascular anatomy.

[(Fig._2)TD$FIG]

Fig. 2 – Midline sagittal section of prostate, bladder, urethra, and striated sphincter.
B = bladder; CS = colliculus seminalis (verumontanum); DA = detrusor apron; DF = Denonvilliers fascia; DVC = dorsal vascular complex; MDR = medial
dorsal raphe; PC = pseudocapsule of prostate; PPF/SVF = posterior prostate fascia/seminal vesicle fascia; PS = pubic symphysis; R = rectum;
RU = rectourethralis muscle; SMS = smooth muscle sphincter; SS = striated sphincter; SV = seminal vesicles; U = urethra; VEF = visceral endopelvic fascia;
VS = vesical sphincter; VVPM = vesicoprostatic muscle.

[(Fig._3)TD$FIG]

Fig. 3 – Axial section of the sphincteric urethra.
[5_TD$DIFF]A = apex; B = bladder; C SMS = circular smooth muscle sphincter;
DVC = dorsal vascular complex; EPF = endoplevic fascia; LA = levator ani
muscle; LAF = levator ani fascia; L SMS = longitudinal smooth muscle
sphincter; M = midprostate; MDR = median dorsal raphe;
NVB = neurovascular bundle; PB = pubic bone; PV/PPL = pubovesical/
puboprostatic ligament; R = rectum; SS = striated sphincter; SV = seminal
vesicle; U = urethra.
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Figura 6. Sección media sagital de la próstata, vejiga, uretra y esfínter estriado: 
(a) anatómico. 
B: vejiga; C: cápsula prostática; CS: veru montanum; DA: delantal detrusoriano; 
DVC: complejo venoso dorsal; MDR: rafe medio dorsal; PS: sínfisis pubiana; 
pPF/SVF: fascia prostática posterior/fascia de las vesículas seminales (fascia 
de Denonvilliers); R: recto; RU: músculo recto-uretralis; SMS: músculo liso 
esfinteriano; SS: músculo estriado esfinteriano; U: uretra; VEF: fascia 
endopélvica visceral; VPM: músculo vesicoprostático. Obtenido de Walz y 
colaboradores (2). 

 
  

pubic bone to finally enter the penile hilum. They may
originate from the internal or external iliac or obturator
arteries as opposed to the small arteries present within the
DVC as previously mentioned. Accessory or aberrant
pudendal arteries are present in 4–75% of all men and
provide unilaterally or bilaterally arterial blood to the
corpora cavernosa [27,28]. They may be solely responsible
for arterial blood supply to the corpora cavernosa; if so,
preservation of these arteries during prostatectomy would
be mandatory to avoid erectile dysfunction caused by penile
arterial insufficiency [29–32]. Two different types of
accessory or aberrant pudendal arteries are categorizable
(Fig. 4) [31,33].

Lateral accessory or aberrant pudendal arteries run along
the fascial tendinous arch of the pelvis in the groove
between the bladder, prostate, and pelvic sidewall (Fig. 4).
Another variation enters laterally below the pubic bone. All
run either above or below the endopelvic fascia. Those
running above the endopelvic fascia usually branch off from

either the inferior vesical or internal iliac artery, whereas
those running below usually emanate from an obturator
artery or external iliac artery [31,33,34].

Apical accessory pudendal arteries are found inferior and
lateral to the PV/PPLs, in proximity to the anterolateral
aspect of the prostate apex (Fig. 4). They characteristically
emerge laterally, having passed through the adjacent
levator ani muscle. They then approach the apex tangen-
tially and may often extend to the apex before running
parallel into the DVC and toward the penis [31,33].

Fig. 1 – Axial section of prostate and periprostatic fascias at midprostate:
(a) anatomic (reproduced with permission from the Mayo Clinic);
(b) schematic.
AFS = anterior fibromuscular stroma; C = capsule of prostate;
DA = detrusor apron; DVC = dorsal vascular complex; ED = ejaculatory
ducts; FTAP = fascial tendinous arch of pelvis; LA = levator ani muscle;
LAF = levator ani fascia; NVB = neurovascular bundle; PB = pubic bone;
PEF = parietal endopelvic fascia; PF = prostatic fascia; pPF/SVF = posterior
prostatic fascia/seminal vesicles fascia (Denonvilliers’ fascia);
PZ = peripheral zone; R = rectum; TZ = transition zone; U = urethra;
VEF = visceral endopelvic fascia.

Fig. 2 – Midline sagittal section of prostate, bladder, urethra, and striated
sphincter: (a) anatomic (reproduced with permission from the Mayo
Clinic); (b) schematic.
B = bladder; C = capsule of prostate; CS = colliculus seminalis
(verumontanum); DA = detrusor apron; DVC = dorsal vascular complex;
MDR = medial dorsal raphe; PS = pubic symphysis; pPF/SVF = posterior
prostatic fascia/seminal vesicle fascia (Denonvilliers’ fascia); R = rectum;
RU = rectourethralis muscle; SMS = smooth muscle sphincter
(lissosphincter); SS = striated sphincter (rhabdosphincter); U = urethra;
VEF = visceral endopelvic fascia; VPM = vesicoprostatic muscle.
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3.2. Prostate arterial supply

The internal pudendal artery is the prolongation of the
internal iliac artery after branching off the obturator artery,
the vesical arteries, and the superior and inferior gluteal

arteries. The most frequent origin of prostate arteries is from
the internal pudendal artery (35–56%) [4,5]. The common
gluteal–pudendal trunk is the next most frequent origin (15–
28%), and less frequently the prostate arteries branch off the
obturator artery (10–12%) or the inferior gluteal artery. Per
side, there is only one common trunk in most cases (60–76%),
and there are anastomoses with the termination of the
internal pudendal arteries (24%), contralateral prostate
arteries (12%), and superior vesical arteries (8%) [4,5]. After
branching off, the artery has a tortuous course obliquely
downward in trajectory towards the posterior and inferior
part of the bladder and provides several inferior vesical
arteries. It terminates with numerous prostate branches,
often after a bifurcation, resulting in two main pedicles. The
urologist can differentiate a posterior pedicle surrounding
seminal vesicles and deferential ducts reaching the prostate
base as well as an anterior pedicle surrounding the lateral
border of the prostate finally running to the prostate apex as
an anterior capsular prostate branch. These latter arteries,
when preserved during RP, may relate to postoperative
erectile function and penile integrity because they may be
responsible for ancillary penile blood flow [6,7]. After
reaching the prostate pseudocapsule, the prostate arteries
give rise to numerous perforating branches to the prostate,
with most penetrations found at the 2 o’clock or 10 o’clock
position for the anterolateral pedicle and at the 5 o’clock or
7 o’clock position for the posterolateral pedicle [4]. The
anterolateral pedicle vascularises mainly the central gland
and the transition zone, whereas the posterior pedicle
vascularises most of the peripheral zone and apical area.
Note that there is considerable inter- and intraindividual
variability in the vascular anatomy.

[(Fig._2)TD$FIG]

Fig. 2 – Midline sagittal section of prostate, bladder, urethra, and striated sphincter.
B = bladder; CS = colliculus seminalis (verumontanum); DA = detrusor apron; DF = Denonvilliers fascia; DVC = dorsal vascular complex; MDR = medial
dorsal raphe; PC = pseudocapsule of prostate; PPF/SVF = posterior prostate fascia/seminal vesicle fascia; PS = pubic symphysis; R = rectum;
RU = rectourethralis muscle; SMS = smooth muscle sphincter; SS = striated sphincter; SV = seminal vesicles; U = urethra; VEF = visceral endopelvic fascia;
VS = vesical sphincter; VVPM = vesicoprostatic muscle.

[(Fig._3)TD$FIG]

Fig. 3 – Axial section of the sphincteric urethra.
[5_TD$DIFF]A = apex; B = bladder; C SMS = circular smooth muscle sphincter;
DVC = dorsal vascular complex; EPF = endoplevic fascia; LA = levator ani
muscle; LAF = levator ani fascia; L SMS = longitudinal smooth muscle
sphincter; M = midprostate; MDR = median dorsal raphe;
NVB = neurovascular bundle; PB = pubic bone; PV/PPL = pubovesical/
puboprostatic ligament; R = rectum; SS = striated sphincter; SV = seminal
vesicle; U = urethra.
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Figura 7. Sección coronal de la próstata, esfínter uretral, fascias periprostáticas 
y musculatura asociada: (a) anatómico. 
B: vejiga; C: cápsula prostática; CS: veru montanum; CZ: zona central; ED: 
conducto eyaculador; LA: músculo elevador del ano; LAF: fascia del músculo 
elevador del ano; NVB: bandeleta neurovascular; OI: músculo obturador 
interno; PC: pseudocápsula prostática; PEF: fascia endopélvica parietal; PF: 
fascia prostática; PPF: fascia periprostática; PZ: zona periférica; SMS: esfínter 
músculo liso; SS: esfínter músculo estriado; SV: vesícula seminal; U: uretra; 
VD: conducto deferente, VP: pedículo vascular prostático. Obtenido de Walz y 
colaboradores (2). 

 
 
 
 
 
  

[8,13,19,42]. An incision of the visceral endopelvic fascia
medial to the fascial tendinous arch results in a dissection
plane that leaves the levator ani muscle covered with its
fascia without exposure of its fibers [24,37,43]. The result is
a prostate covered only by prostatic fascia (PF), when
present, and not by a layer of LAF [24,38].

3.4.2. Periprostatic fascias

The fascia on the outer surface of the prostate has been
referred to as lateral pelvic fascia by Costello et al [42],
Takenaka et al [24], and in the past by Walsh and Partin [13].
Myers and Villers [25], Stolzenburg et al [14], and Tewari
et al [44] called the fascia next to the prostate the
periprostatic fascia; Graefen et al [5] and Budäus et al
[20], the parapelvic fascia; and Menon et al [45], Secin et al
[46], and, more recently, Nielsen et al [47], the prostatic
fascia. This fascia is not a discrete single-layered structure
stretching over the lateral surface of the prostate. Often it is
ordered in several layers over the prostate and consists of
both collagenous and adipose tissue elements [38,39].
Consequently, for practical purposes in this review, we use
PPF to signify all fascias on the prostate that are external to
the prostate capsule. The PPF covering the prostate can now
be subdivided into three basic elements according to
location (Figs. 1–3 and 5).

3.4.2.1. Anterior periprostatic fascia. This element as visceral
endopelvic fascia is associated with the anterior surface
of the prostate from approximately the 10-o’clock to
11-o’clock positions to the 1-o’clock to 2-o’clock positions,
where it covers the detrusor apron, dorsal vascular complex,
and is fused in the midline with the anterior fibromuscular
stroma of the prostate (Fig. 1).

3.4.2.2. Lateral periprostatic fascia. Once the endopelvic fascia is
opened lateral to the fascial tendinous arch of the pelvis and
the levator ani muscle is deflected laterally, the outermost
fascial layer on the lateral surface of the prostate is the
levator ani fascia. Moreover, there is also an inner fascia in
most cases, often but not always multilayered, covering the
prostate capsule, which is called the prostatic fascia [21,47].
Both of these layers (LAF and PF) constitute PPF for the
operating surgeon. These layers of fascia, on the ante-
rolateral prostate, extend from the anterior surface of the
prostate posteriorly or dorsally to embrace or meet the
neurovascular bundle (NVB) with the outer LAF passing
lateral to the NVB to eventually become the pararectal
fascia, which separates the rectum from the levator ani
[24,42,48]. The inner PF passes medial to the NVB to cover
the underlying prostate capsule. The relationship between
the prostate capsule and the lateral PF may differ depending
on interindividual variations (Fig. 6). Kiyoshima et al found
that in 52% of all cases, the LAF, which they called ‘‘lateral
pelvic fascia,’’ does not adhere to their prostate ‘‘capsule’’
[39]. In the cases just cited, the apparent space consisted of
loose connective and adipose tissue referred to as areolar
tissue [5,39,49,50]. Furthermore, in such cases the NVB
could not be identified as a distinct structure but was spread
out over the lateral prostatic surface [39]. It is of note that

Fig. 5 – Coronal section of prostate, sphincteric urethra, periprostatic
fascias, and associated musculature: (a) anatomic (reproduced with
permission from the Mayo Clinic); (b) schematic.
B = bladder; C = capsule of prostate; CS = colliculus seminalis
(verumontanum); CZ = central zone; ED = ejaculatory duct; LA = levator
ani muscle; LAF = levator ani fascia; NVB = neurovascular bundle;
OI = obturator internus muscle; PEF = parietal endopelvic fascia;
PF = prostatic fascia; PZ = peripheral zone; SMS = smooth muscle
sphincter (lissosphincter); SS = striated sphincter (rhabdosphincter);
SV = seminal vesicle; U = urethra; VD = vas deferens; VP = vascular pedicle
to prostate.
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3.3. Exterior stromal edge of the prostate versus ‘‘prostate

pseudocapsule’’

There is an ongoing controversy regarding the outer limits
of the prostate. The structure often termed the capsule is the
exterior stromal edge of the prostate parenchyma, formed
by transversely arranged fibromuscular layers of condensed
smooth muscle, with a variable number of glands recog-
nised at the outermost prostate surface [8]. Note that this
condensed fibromuscular layer may intermingle with the
periprostatic tissue, rendering its appearance quite variable
[1]. From a microscopic and pathologic point of view, the
correct term for this layer would be condensed smooth
muscle or the outer edge of the prostate. Despite this
microscopic evidence, from a macroscopic and surgical
point of view, the defined and distinct outer edge of the
prostate, analogous to a capsule, is visibly and grossly
apparent during RP in many cases and is used as a landmark
for proper dissection [9]. Consequently, the coauthors
agreed that the term pseudocapsule might represent an
acceptable compromise to respect its pathologic nature
versus the clinical appearance of the prostate outer limits in
daily practice. Note that the International Anatomical
Terminology refers to capsule (pseudocapsule) [10].

3.4. Posterior prostatic fascia and seminal vesicles fascia

(Denonvilliers fascia)

A recent work from Muraoka et al investigated the intra-
and interindividual variations of the posterior prostatic
fascia (PPF) and seminal vesical fascia (SVF) (Figs. 1 and 2).
They showed that although its configuration appeared to be
a firm membranous structure, it was actually recognised as
a fascicle of multiple leaves with interlacing branches, with
multiple leaves mainly ventrally, and a disorderly, loose
connective tissue mainly dorsally [11]. They observed a
fusion between the PPF/SVF and the pseudocapsule near the
base of the prostate at the insertion of the seminal vesicles
(Fig. 2). The PPF/SVF extended and dispersed laterally into
the neurovascular bundle (NVB), and periprostatic nerves
ran between multiple leaves and appeared embedded in the
fascial complex between PPF/SVF leaves and the pseudo-
capsule.[11] Another recent work by Kim et al suggests that
the tissue quality of PPF/SVF varies among patients as its
origin might be induced by tissue tension, created by organ
development in the pelvis and not by tissue fusion as
suggested previously. As this development can vary
substantially from patient to patient, the fascia can have
a multilayer configuration, a fragmentation into short
pieces, or be composed of a thick leaf [12]. This theory
supports the observations from Muraoka et al as well as
clinical experience, in which tissue quality varies [13].

3.5. Neurovascular bundle

3.5.1. Neurovascular bundle and pelvic lymph node dissection

In the male, the inferior hypogastric plexus, or pelvic plexus,
is responsible for the mechanisms of erection, ejaculation,
and urinary continence [14]. The pelvic plexus lies within a
fibrofatty, flat, rectangular, sagittally oriented plate be-
tween the bladder and the rectum [14–17]. Pelvic lymph
node dissection (PLND) might be extended into this area.
Currently, a standard PLND is defined as a dissection of the
fibrofatty tissue between the landmarks of the external iliac
artery and the pelvic musculature laterally, the inner
femoral canal distally, the common iliac artery or the
bifurcation with the ureter proximally, and the bladder wall
medially, including a dissection around the internal iliac
artery [18,19]. In a recent lymph node mapping study, such
a dissection field allows the urologist to correctly stage
patients as N0 or N1 in 94% of all cases and removes 87% of
all positive nodes [20]. In the same study, a more limited
dissection field (external iliac vessels and obturator fossa)
correctly staged only 76% of all patients and removed only
52% of all positive nodes [20]. An extended PLND (ePLND)
might extend the dissection up to the common iliac arteries
as well as to the presacral areas [18,19]. Such a dissection
would correctly stage 97% of all patients, and 99% of all
positive nodes would be removed [20]. The pelvic plexus
and the erectile nerves are at risk in standard dissection
during the medial dissection in the area of the internal iliac
artery and towards the bladder wall. During ePLND, the
nerves are also at risk at their origin in the presacral area
and medial to the common iliac vessels. In fact, decreased

[(Fig._4)TD$FIG]

Fig. 4 – Coronal section of the prostate, sphincteric urethra, periprostatic
fascia, and associated musculature.
CS = colliculus seminalis (verumontanum); CZ = central zone;
ED = ejaculatory duct; LA = levator ani muscle; LAF = levator ani fascia;
NVB = neurovascular bundle; OI = obturator internus muscle;
PC = pseudocapsule of prostate; PF = prostate fascia; PPF = periprostatic
fascia; PZ = peripheral zone; SMS = smooth muscle sphincter;
SS = striated sphincter; SV = seminal vesicle; U = urethra; VD = vas
deferens.
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Figura 8. Sección axial a nivel de la base de las vesículas seminales para 
demostrar la proximidad del plexo pélvico distal (bandeleta neurovascular): (a) 
anatómico, (b) esquemático. 
B: vejiga; PP: plexo pélvico; pPF/SVF: fascia posterior prostática/fascia de las 
vesículas seminales (fascia de Denonvilliers); R: recto; SV: vesícula seminal; 
VD: conducto deferente; VPM: músculo vesicoprostático. Obtenido de Walz y 
colaboradores (2). 

 
 
 
 
 
 
  

the authors used hematoxylin and eosin staining only and
therefore did not distinguish between the smooth muscle of
the true capsule and the collagenous fibers of the PF but
considered both as prostate capsule. In the remaining 48%,
LAF was fused with their prostate capsule, and no areolar
tissue was seen between the layers [39]. An exception to
this fusion was only seen at the posterolateral angle of the

prostate, and the NVB was identified there as a distinct
bundle [39,40].

3.4.2.3. Posterior prostatic fascia and seminal vesicles fascia (Denon-

villiers’ fascia). The posterior surface of the prostate and the
seminal vesicles are closely covered by a continuous layer of
posterior prostatic fascia (pPF) and seminal vesicles fascia

Fig. 6 – Variation of prostate capsule to prostatic fascia (PF) on the lateral surface of the prostate. Masson-trichrome staining: fascia stains bright blue;
smooth muscle stains red. (a) Capsule present but no PF visible (arrow: fascial tendinous arch of pelvis); (b) PF fused to capsule; (c) capsule fused to PF;
very fine levator ani fascia lateral to vessels; (d) fascia-capsular interface, variable and poorly defined; (e) relatively thick PF present but no capsule
visible. Reproduced with permission from the Mayo Clinic.

Fig. 7 – Axial section through base of seminal vesicles to show proximity of distal pelvic plexus (neurovascular bundle [NVB]): (a) anatomic (reproduced
with permission from the Mayo Clinic); (b) schematic.
B = bladder; PP = pelvic plexus; pPF/SVF = posterior prostatic fascia/seminal vesicle fascia (Denonvilliers’ fascia); R = rectum; SV = seminal vesicle; VD = vas
deferens VPM = vesicoprostatic muscle.
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the authors used hematoxylin and eosin staining only and
therefore did not distinguish between the smooth muscle of
the true capsule and the collagenous fibers of the PF but
considered both as prostate capsule. In the remaining 48%,
LAF was fused with their prostate capsule, and no areolar
tissue was seen between the layers [39]. An exception to
this fusion was only seen at the posterolateral angle of the

prostate, and the NVB was identified there as a distinct
bundle [39,40].

3.4.2.3. Posterior prostatic fascia and seminal vesicles fascia (Denon-

villiers’ fascia). The posterior surface of the prostate and the
seminal vesicles are closely covered by a continuous layer of
posterior prostatic fascia (pPF) and seminal vesicles fascia

Fig. 6 – Variation of prostate capsule to prostatic fascia (PF) on the lateral surface of the prostate. Masson-trichrome staining: fascia stains bright blue;
smooth muscle stains red. (a) Capsule present but no PF visible (arrow: fascial tendinous arch of pelvis); (b) PF fused to capsule; (c) capsule fused to PF;
very fine levator ani fascia lateral to vessels; (d) fascia-capsular interface, variable and poorly defined; (e) relatively thick PF present but no capsule
visible. Reproduced with permission from the Mayo Clinic.

Fig. 7 – Axial section through base of seminal vesicles to show proximity of distal pelvic plexus (neurovascular bundle [NVB]): (a) anatomic (reproduced
with permission from the Mayo Clinic); (b) schematic.
B = bladder; PP = pelvic plexus; pPF/SVF = posterior prostatic fascia/seminal vesicle fascia (Denonvilliers’ fascia); R = rectum; SV = seminal vesicle; VD = vas
deferens VPM = vesicoprostatic muscle.

E U R O P E A N U R O L O G Y 5 7 ( 2 0 1 0 ) 1 7 9 – 1 9 2184

��'��&���$�%�&���#$#,"$)'��'�&��#�����#���!!������&$#��$'% (�!����! # ��!��,��'�%$&��!'�* �&��#����&�&$�����
�
	�
��&��)'$�%�&'$#�!��+�!)' *�"�#(����$�'��%�&" (�#�$(&$'�)'$'�' #��)($& -�� .#��$%,& ��(�/
�
	���!'�* �&��#����$�$'�!$'���&���$'�&�'�&*��$'�



 

Figura 9. Dibujo esquemático que muestra la disposición de la fascia de 
Denonvilliers en el espacio existente entre la vejiga, la próstata y el recto. B: 
Vejiga; DF: fascia de Denonvilliers; P: próstata; PB: hueso púbico; R: recto. 
Obtenido de Lu y colaboradores (29). 
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Results
All the 154 consecutive patients completed RRP suc-
cessfully and were followed-up for (14.5 ± 6.9) months, 
ranging from 2 to 26  months. "e demographic and 
tumor characteristics of patients were shown in Table 1, 
while the details of procedures and pathology in Table 2. 
"ere was shorter duration of surgery (P < 0.01), more 
NVB sparing (P < 0.01), and less seminal vesicle invasion 
(P = 0.04) in Group DFS vs Group Control. Especially, the 
post-surgery continence condition was better in Group 
DFS than in Group Control at each time point from 

ImC to 3  months, 6  months (P < 0.01) and 12  months 
(P = 0.02), showed in Fig. 3.

In univariate analysis, surgery type (OR = 1.2–13.0, 
P < 0.01), surgery duration (OR = 1.0, P < 0.01), IIEF-5 Q2 
pre-surgery (OR = 1.4, P = 0.03), Gleason score (OR = 0.7, 
P = 0.02), SV invasion (OR = 0.2, P < 0.01), NVB spar-
ing (OR = 2.1–4.8, P = 0.01) and DF sparing (OR = 32.3, 
P < 0.01) were significantly related with ImC. While in 
multivariate analysis, only DF sparing was proved to 
be statistically significant for ImC, OR = 26.4, P < 0.01 
(Table 3).

Fig. 1 Scenes of Mmi-RRP procedure with DFS technique and pathological section through paramedian of prostate, stained by HE. a DF (white dot 
line area) kept intact after prostate removal, also shown on schematic drawing (e). b Anterior layer of DF cut open at seminal vesicles triangle level. 
Dissection was kept between DF and PC towards apex of prostate. Black arrows exhibited the cut-line of DF’s anterior layer. c No DF structure in the 
backward direction of prostate. d The cut-line of DF on the pathological section (red dot line circle), fused with seminal vesicle fascia propria (black 
dot line circle). e, f Schematic drawing OF dissecting bladder and prostate junction (green dot line). B: bladder; HE: hematoxylin and eosin; IFT: inter 
fascial tissue; N: nerve; P: prostate; PB: pubic bone; PC: prostate capsule; R: rectum; SV: seminal vesicles; VD: vas deferens. Black arrow: DF; Black arrow 
head: PC; White arrow: seminal vesicle fascia propria



 

Figura 10. Ligamentos pubo-prostáticos originados en el pubis (Pu) y que se 
muestran como extensiones del delantal detrusoriano (flecha) que cubre 
anteriormente la glándula prostática (P). Los ligamentos isquio-prostáticos de 
Müller también conocidos como pilares de Walsh (puntas de flecha) aportan un 
soporte lateral importante al esfínter estriado (s) y a la uretra. Vejiga (B). 
Obtenido de Myers (34). 

 
  

tion of AFMS, McNeal13 wrote that AFMS “repre-
sents almost all of its non-glandular tissue. It con-
sists of a thick sheet of tissue covering the entire
anterior surface of the organ [prostate] and hiding
the urethra and glandular portions of the prostate
from view anteriorly.” In 1988, with greater defi-
nition, McNeal14 defined AFMS as being “com-
posed mainly of smooth muscle that is continuous
proximally with the detrusor fibers of the anterior
bladder wall. These fibers sweep distally from the
bladder neck and fan out laterally, covering the
entire anterior and anterolateral surface of the
glandular prostate.” In 1972, the detrusor compo-
nent of AFMS had been shown (a) extending dis-
tally from the bladder neck, (b) tapering to a point
midway down the anterior surface of the prostate,
and (c) ending above the beginning of the striated
urethral sphincter. In addition to the detrusor

component, AFMS was schematically composed of
portions of the preprostatic sphincter and striated
urethral sphincter. Although not specifically de-
scribed, AFMS also had to contain the prostatic
isthmus (isthmus prostatae, TA15), the latter com-
monly referred to as the anterior commissure of the
prostate.16 McNeal did not address the pubic at-
tachment of the detrusor apron.

In 1994, in his investigation of the puboprostatic
ligaments, Steiner17 emphasized an important pu-
bourethral fascial relationship but did not address
the pubovesical connection.

FIGURE 1. (A) Incorrect anatomy showing how “puboprostatic ligament” (arrow) attaches prostate (Pr) to pubis
(Pu) without bladder connection. Penile bulb (Bu) sits beneath sphincteric portion of urethra. (B) Correct anatomy
showing detrusor apron ending with pubic insertion (pubovesical [puboprostatic] ligament).

FIGURE 2. Luschka’s “puboprostatic ligaments” from
pubis (Pu) shown as direct extensions of the detrusor
apron (arrow) that covers anteriorly the glandular pros-
tate (P). Müller’s ischioprostatic ligaments3 (Walsh’s
pillars1) (arrowheads) provide important lateral support
to the striated sphincter (s) and urethra. B, bladder.
(Reprinted from Luschka,4 Table X.)

FIGURE 3. Ligaments (*) visibly connect bladder (B)
and pubis (Pu). They obscure underlying veins. Overly-
ing tissue in this view from above obscures prostate.
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Figura 11. Esquema mostrando vistal lateral con los elementos anatómicos que 
están involucrados en la técnica de reconstrucción posterior. B: vejiga; Pu: 
pubis; Pr: próstata; DF: fascia de Denonvilliers; RS: esfínter estriado; MFR: rafe 
fibroso medio; CTP: tendón central del periné; U: uretra. Obtenido de Rocco y 
colaboradores (57). 

 
 
 
 
  

from the urethra and prostatic apex by the presence of a zone
(1–2 cm dorsocephalad) of connective tissue (Fig. 5).

No contiguity was observed in any of the examined sections
between the striated muscle fibres of the RS and the glandular

acini of the prostate. The histologic analysis, carried out on
sagittal sections of a radical prostatectomy specimen, showed,
in the sections of the prostatic apex, residues of the mesench-
ymal connective matrix, but no presence of striated muscle
fibres.

2.2. Clinical study

2.2.1. Surgical technique
On the basis of the histologic results obtained and the anatomic
studies present in the literature [5–8], we modified Walsh’s RRP
[9] at two points: during preparation of the prostatic apex (a) and
during reconstruction of the continuity between the bladder
and the urethral sphincter complex (b) [4].

(a) Initially, after incision of the pelvic fascia and, in the cases
selected for nerve-sparing, after having prepared the
neurovascular bundles, the urethra is completely divided
from the posterior wall of the RS and immediately divided
distally from the prostatic apex. The posterior wall of the
striated sphincter is separated from the neurovascular
bundles laterally and from the prerectal fascia posteriorly
(Fig. 6); subsequently, the RS is divided from the prostatic
apex about 1–2 cm dorsocephalad to the urethra, near
where it inserts into the Denonvilliers fascia. This makes it
possible to preserve the integrity and the length of the
posterior wall of the RS without, however, surgically
breaking into the tissue of the prostatic apex. The posterior
wall of the RS is isolated with two 2-0 Vicryl sutures (Fig. 7).

(b) After removal of the prostate and of the bladder neck,
a tennis racket reconstruction of the new bladder neck

Fig. 2 – Transveral section. This image shows the relation
between the striated muscle fibres (in red) of the
rhabdosphincter (RS) concentrically surrounding the
membranous urethra (U), the median fibrous raphe (MFR)
comprising fibrous connective tissue (in blue), and the
central tendon of the perineum (CTP) composed of
compact connective tissue (in light blue). Masson’s
trichrome stain (original magnification: T1.6 HPF).

Fig. 3 – Sagittal section. Striated muscle fibres (red) are
present in the posterior wall of the rhabdosphincter (RS) to
the side of the prostatic apex (PA). The connective tissue of
the median fibrous raphe (MFR) joins the connective tissue
of the prostatic capsule (PC) and the Denonvilliers fascia
(DF). The posterior wall of the RS is separated from the
glandular structures by the presence of a zone of lax
connective tissue (LCT) in the dorsal aspect, as well.
Colours: Masson’s trichrome stain (original magnification:
T1.6 HPF). PZ = peripheral zone of the prostate; R = rectum;
U = urethra.

Fig. 4 – Schematic drawing illustrating the anatomic
elements involved in the modified technique. B = bladder;
Pu = pubis; Pr = prostate; DF = Denonvilliers fascia;
RS = rhabdosphincter; MFR = median fibrous raphe;
CTP = central tendon of the perineum; U = urethra.
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Figura 12. Sección axial de la próstata ampliada con los tres planos de 
disección de la bandeleta neurovascular: intrafascial, interfascial y extrafascial. 
Obtenido de Walz y colaboradores (2). 

 
Figura 13. Capas de la fascia prostática envolviendo y rodeando la próstata, 
mostrando los planos de disección para conseguir diferentes grados de 
preservación de la bandeleta neurovascular (I-IV). LPF: capa medial de la 
fascia prostática; LF: capa lateral de la fascia prostática; LA: músculo elevador 
del ano. Obtenido de Tewari y colaboradores (61). 

 
  

pseudocapsule with the aim of leaving a more or less thick
tissue layer on the prostate as a safety margin. In cases with
a low risk of extraprostatic extension (EPE), a closer
dissection and in cases with a higher risk of EPE a wider
dissection plane can be chosen. This approach was termed
incremental nerve sparing [43,44]. It is known that EPE is in
most cases only a matter of millimetres, which could allow a
nerve-sparing procedure in selected cases with focal EPE
[45]. Inoue et al evaluated the distance between cancer and
the NVB at the classical 5 o’clock and 7 o’clock position in
prostates without nerve sparing. In patients without EPE,
they found a mean distance of 3.3 mm (standard deviation
[SD]: 2.6), 3.4 mm (SD: 2.7), and 3.7 mm (SD: 2.4) at the
apex, midgland, and base, respectively. In patients with EPE,
the distance between cancer and the NVB was 2.0 mm (SD:
1.9), 1.9 mm (SD: 1.9), and 1.8 mm (SD: 2.1) at the apex,
midgland, and base, respectively [46]. Note that in an
individual case, the nerves could be in direct contact with
the NVB. This observation corroborates the possibility of

nerve-sparing procedures despite the presence of EPE in
well-selected patients.

Depending on the dissection plane chosen during the
procedure, several technical variations are possible. Previ-
ously, we described intrafascial, interfascial, and extra-
fascial dissection (Fig. 5a and 5b; Table 1) [1]. Intrafascial
dissection is considered a dissection that follows a plane on
the pseudocapsule, remaining internal to the prostatic
fascia at the antero- and posterolateral aspect of the
prostate and anterior to the PPF/SVF. The intrafascial
approach allows a whole-thickness preservation of the
NVB. Interfascial dissection of the NVB is considered a
dissection within the thickness or between the leaves of the
periprostatic fascia and includes incremental nerve sparing.
Depending on anatomic variations, the NVB might be prone
to partial resection. This approach allows a greater safety
margin around the prostate relative to the intrafascial
dissection, presumably resulting in an oncologically safer
approach [47,48]. The extrafascial dissection is a dissection

[(Fig._5)TD$FIG]

Fig. 5 – (a) Overview of an axial section of the prostatic and periprostatic fascia at midprostate (prostate rotated counterclockwise). (b) Enlarged axial
section with three dissection planes: intrafascial, interfascial, and extrafascial. (c) Enlarged axial section with three dissection planes according to the
Pasadena consensus [44]: full, partial, and minimal nerve sparing. (d) Enlarged axial section with four dissection planes according to Tewari et al [40]:
1 = dissection below veins, 2 = dissection on the veins, 3 = dissection distant from the veins, and 4 = extrafascial dissection. (e) Enlarged axial section
with five dissection planes according to Schatloff et al [50]: 1 = extrafascial dissection, 2 = sharp dissection distant from arteries, 3 = sharp dissection on
arteries, 4 = sharp dissection at the level of arteries, and 5 = blunt dissection below arteries.
LA = levator ani muscle; LAF = levator ani fascia; PC = pseudocapsule of prostate; PPF = periprostatic fascia; R = rectum.
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enters the base of the seminal vesicle and 
the medial aspect of the prostatic base, and 
a more lateral one that contains larger 
vessels entering the posterolateral and 
anterolateral corners of the prostatic base. 
The neurovascular hammock is intermingled 
with these two components of the pedicle; 
it has already been separated by our 
approach of midline entry into the 
periprostatic plane and gentle release from 
medial to lateral and then anterior aspect of 
the prostate. The medial pedicle is controlled 
using one to three small 5-mm clips and 
sharply cut. Sharp dissection is important 
because it avoids traction on the nerves, 
inadvertent development of tissue fl aps, and 
iatrogenic positive margins ( “ intraprostatic 

incision ” ). However, sharp dissection requires 
appreciation of appropriate surgical planes 
and exploitation of visual cues to recognise 
various structures and pathologies 
(infl ammation, EPE, etc.). Next, the lateral 
pedicle is similarly controlled and cut in 
small parts. Once the entire pedicle is cut, 
the rest of the hammock is easily released, 
and the anterolateral edge is either clipped 
or controlled using a 4-0 suture to minimize 
bleeding from the anterolateral edge of 
the hammock, which mostly consists of 
periprostatic veins. We often see an 
anterolateral arterial trunk that travels from 
proximal to distal and disappears in the 
pelvic fl oor, possibly to supply the urethra or 
penis. Special attempt is made in separating 
this artery from the prostatic pedicle to 
which it is intimately attached. Preservation 
of this and additional arterial trunks 
maximizes the viability of neurovascular 
tissue, as some of them may be vasa 
nervora or provide signifi cant arterial supply 
to the cavernosal tissue. Traction on these 
vessels could actually produce distal 
ischaemic changes as noted in our penile 
oxygenation studies   [ 10 ]  . 

 Next, attention is directed to the distal 
aspect of the anterolateral edge of the 
hammock, which is released under vision 
starting from the prostatic apex. The 
prostate is lifted up, and, using the 30    °  lens 
facing upward, we release the distal 1   cm of 
the hammock, taking care to avoid any 
traction or blunt dissection. This is the fi nal 
common pathway of the pelvic nerves while 
they are exiting the pelvis. There are one or 
two peri-apical arteries that are controlled 
and cut. The retro-apical plexus (part of the 
distal hammock) is left untouched and 
dropped posteriorly. The urethro-prostatic 
junction is transected, and the freed 
prostate is packed in the EndoCatch  TM   bag. 
The surgical fi eld is inspected for signifi cant 
bleeding; the bleeders are either clipped or 
sutured using a fi gure-of-eight suture. If 
there is a need for retracting the hammock 
during NS, we use 4-0 sutures to minimize 
tissue trauma and traction. 

 Next, lymph node dissection is performed, 
followed by vesico-urethral anastomosis and 
total anatomical reconstruction. During 
reconstruction, we especially pay attention 
to the location of the retro-apical plexus 
and thus avoid its inadvertent inclusion in 
the suture. The procedure is completed after 
placing a drain.  

  C)   BALANCING NERVE PRESERVATION WITH 
CANCER CONTROL: A RISK-STRATIFIED 
APPROACH 

 Striving to balance the competing goals of 
cancer clearance with preservation of 
potency, a risk-stratifi ed approach toward 
NS according to the patient ’ s likelihood of 
ipsilateral EPE has been adopted at our 
institution. The patient ’ s PSA level, biopsy 
Gleason score, percentage of cancer in the 
biopsy, number of positive cores, presence of 
unilateral vs bilateral positive cores (used as 
a surrogate for high-volume cancer or 
multifocality), clinical stage, fi ndings of the 
eMRI for cancer localization, tumour 
volume, presence or absence of EPE, and 
status of periprostatic tissue are parameters 
that are used to select patients for NS RP. 
Our approach to NS during RARP involves 
varying degrees of preservation of the nerve 
fi bres in the various fascial planes ( Figs   3 – 5 ). 
We refer to them as: 

     •     Grade 1 NS  –  Incision of the Denonvilliers ’  
and lateral pelvic fascia (LPF) is taken just 
outside the prostatic capsule. We also 
describe this as medial venous plane for 
complete hammock preservation. This 
represents the greatest degree of NS 
possible, and we perform this procedure 
only for patients with no-to-minimal risk of 
EPE.  
    •     Grade 2 NS  –  Incision through the 
Denonvilliers ’  (leaving deeper layers on the 
rectum) and LPF is taken just outside the 
layer of veins of the prostate capsule. We 
also describe this as peri-venous plane of 
hammock preservation. This preserves most 
large neural trunks and ganglia and is used 
for patients at low risk of EPE.  
    •     Grade 3 (partial/incremental) NS 
 –  Incision is taken through the outer 
compartment of the LPF (leaving some 
yellow adipose and neural tissue on the 
specimen), excising all layers of 
Denonvilliers ’  fascia. This is performed 
for patients with moderate risk of EPE 
because some of the medial trunks are 
sacrifi ced, while the lateral trunks are 
preserved.  
    •     Grade 4 (non-NS) NS  –  These patients 
have high risk of EPE and are not candidates 
for NS. Here, we perform a wide excision of 
the LPF and Denonvilliers ’  fascia containing 
most of the periprostatic neurovascular 
tissue. In selected patients, we attempt 
nerve advancement of the identifi able ends 
of the NVBs.   

    
 

   FIG.   3.  Histology of non-NS RP specimen with wide 
excision of adjacent tissue. Note the distribution 
of nerve fi bres (highlighted in green) in the 
periprostatic fascial layers. The collapsible veins 
on the prostate capsule (outlined in blue) are a 
distinct anatomical landmark  –  most of the 
periprostatic nerve fi bres lie lateral to these veins. 
Notice also the area of EPE of cancer through the 
prostate capsule adjacent to these veins. N, nerve.  

    
 

   FIG.   4.  Layers of fascia enveloping the prostatic 
capsule, showing the planes of dissection for 
differing NS grades (1 – 4). LPF, lateral pelvic fascia 
medial layer, i.e. the prostatic fascia; LF, lateral 
pelvic fascia lateral layer, i.e. the levator fascia; LA, 
levator ani.  



 

Figura 14. Sección axial de la próstata ampliada con los cinco planos de 
disección según Schatloff y colaboradores (62). Obtenido de Walz y 
colaboradores (2). 

 
Figura 15. Esquema mostrando la vista tras la sección de la pared posterior 
uretral. El clamp quirúrgico passa debajo de la pared posterior del esfínter 
estriado y del rafe medio posterior, el cual es separado lateralmente de las 
bandeletas neurovasculares. 
Pu: pubis; Pr: próstata; C: catéter en uretra membranosa; C’: catéter en 
próstata; NVB: bandeleta neurovascular; 1a: uretra membranosa; 1b: uretra 
prostática; 2a: pared anterolateral del esfínter estriado; 2b: prolongación 
prostática del esfínter estriado; 3a: pared posterior del esfínter estriado y del 
rafe medio posterior. Obtenido de Rocco y colaboradores (57). 

 
  

pseudocapsule with the aim of leaving a more or less thick
tissue layer on the prostate as a safety margin. In cases with
a low risk of extraprostatic extension (EPE), a closer
dissection and in cases with a higher risk of EPE a wider
dissection plane can be chosen. This approach was termed
incremental nerve sparing [43,44]. It is known that EPE is in
most cases only a matter of millimetres, which could allow a
nerve-sparing procedure in selected cases with focal EPE
[45]. Inoue et al evaluated the distance between cancer and
the NVB at the classical 5 o’clock and 7 o’clock position in
prostates without nerve sparing. In patients without EPE,
they found a mean distance of 3.3 mm (standard deviation
[SD]: 2.6), 3.4 mm (SD: 2.7), and 3.7 mm (SD: 2.4) at the
apex, midgland, and base, respectively. In patients with EPE,
the distance between cancer and the NVB was 2.0 mm (SD:
1.9), 1.9 mm (SD: 1.9), and 1.8 mm (SD: 2.1) at the apex,
midgland, and base, respectively [46]. Note that in an
individual case, the nerves could be in direct contact with
the NVB. This observation corroborates the possibility of

nerve-sparing procedures despite the presence of EPE in
well-selected patients.

Depending on the dissection plane chosen during the
procedure, several technical variations are possible. Previ-
ously, we described intrafascial, interfascial, and extra-
fascial dissection (Fig. 5a and 5b; Table 1) [1]. Intrafascial
dissection is considered a dissection that follows a plane on
the pseudocapsule, remaining internal to the prostatic
fascia at the antero- and posterolateral aspect of the
prostate and anterior to the PPF/SVF. The intrafascial
approach allows a whole-thickness preservation of the
NVB. Interfascial dissection of the NVB is considered a
dissection within the thickness or between the leaves of the
periprostatic fascia and includes incremental nerve sparing.
Depending on anatomic variations, the NVB might be prone
to partial resection. This approach allows a greater safety
margin around the prostate relative to the intrafascial
dissection, presumably resulting in an oncologically safer
approach [47,48]. The extrafascial dissection is a dissection

[(Fig._5)TD$FIG]

Fig. 5 – (a) Overview of an axial section of the prostatic and periprostatic fascia at midprostate (prostate rotated counterclockwise). (b) Enlarged axial
section with three dissection planes: intrafascial, interfascial, and extrafascial. (c) Enlarged axial section with three dissection planes according to the
Pasadena consensus [44]: full, partial, and minimal nerve sparing. (d) Enlarged axial section with four dissection planes according to Tewari et al [40]:
1 = dissection below veins, 2 = dissection on the veins, 3 = dissection distant from the veins, and 4 = extrafascial dissection. (e) Enlarged axial section
with five dissection planes according to Schatloff et al [50]: 1 = extrafascial dissection, 2 = sharp dissection distant from arteries, 3 = sharp dissection on
arteries, 4 = sharp dissection at the level of arteries, and 5 = blunt dissection below arteries.
LA = levator ani muscle; LAF = levator ani fascia; PC = pseudocapsule of prostate; PPF = periprostatic fascia; R = rectum.
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is performed, according to Walsh’s original technique.
Subsequently, before anastomosis of the new bladder
neck to the urethra, the musculofascial support plane
is reconstructed, suturing the RS and the median fibrous
raphe to the remaining Denonvilliers fascia with two
3-0 Vicryl sutures (Fig. 8); the thus reconstructed plane is
then fixed to the posterior wall of the bladder about 2 cm
dorsocephalad to the new bladder neck (Figs. 9 and 10).

Finally, the urethra is sutured to the new bladder neck with
six 3-0 Vicryl sutures (Fig. 11). Urethrovesical anastomosis and
reconstruction of the musculofascial plane are on different
planes.

Thebladder catheter is removed5–6 daysafter theoperation,
following cystography.

In our study, surgical specimens both from the historical
group and the group who underwent RRP with restoration of
the RS were analysed routinely following a whole-mount
section protocol.

Fig. 5 – Anatomic part during radical prostatectomy: view of
the prostatic apex (PA) and of the relation between the
prostatic urethra (U) and the isolated Denonvilliers fascia
(DF).

Fig. 6 – After sectioning of the posterior wall of the urethra.
The clamp passes under only the posterior wall of the
striated sphincter and median fibrous raphe, which is
separated from the neurovascular bundles laterally.
Pu = pubis; Pr = prostate; C = membranous urethral
catheter; C’ = prostate catheter; NVB = neurovascular
bundle; 1a = membranous urethra; 1b = prostatic urethra;
2a = anterolateral wall of RS; 2b = prostatic attachment of
RS; 3 = posterior wall of RS and MFR.

Fig. 7 – After prostate removal, the RS is divided from
the prostatic apex about 1–2 cm dorsocephalad to the
urethra, near where it inserts into the Denonvilliers fascia.
Pu = pubis; C = membranous urethral catheter; C’ = bladder
catheter; B = bladder; NVB = neurovascular bundle;
1 = membranous urethra; 2 = anterolateral wall of RS;
3a = sectioned posterior wall of RS and MFR; 3b = sectioned
Denonvilliers fascia; 4 = bladder-neck eversion.
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Figura 16. Esquema mostrando la situación tras la exéresis de la próstata. El 
esfínter estriado es separado del ápex prostático entre 1 y 2 centímetros en 
sentido dorsocefálico respecto a la uretra, cerca de donde se inserta en la 
fascia de Denonvilliers. Pu: pubis; C: catéter en uretra membranosa; C’: catéter 
en vejiga; B: vejiga; NVB: bandeleta neurovascular; 1: uretra membranosa; 2: 
pared anterolateral del esfínter estriado; 3a: pared posterior del esfínter 
estriado y rafe medio posterior seccionada; 3b: fascia de Denonvilliers 
seccionada; 4: eversión del cuello vesical. Obtenido de Rocco y colaboradores 
(57). 

 
  

is performed, according to Walsh’s original technique.
Subsequently, before anastomosis of the new bladder
neck to the urethra, the musculofascial support plane
is reconstructed, suturing the RS and the median fibrous
raphe to the remaining Denonvilliers fascia with two
3-0 Vicryl sutures (Fig. 8); the thus reconstructed plane is
then fixed to the posterior wall of the bladder about 2 cm
dorsocephalad to the new bladder neck (Figs. 9 and 10).

Finally, the urethra is sutured to the new bladder neck with
six 3-0 Vicryl sutures (Fig. 11). Urethrovesical anastomosis and
reconstruction of the musculofascial plane are on different
planes.

Thebladder catheter is removed5–6 daysafter theoperation,
following cystography.

In our study, surgical specimens both from the historical
group and the group who underwent RRP with restoration of
the RS were analysed routinely following a whole-mount
section protocol.

Fig. 5 – Anatomic part during radical prostatectomy: view of
the prostatic apex (PA) and of the relation between the
prostatic urethra (U) and the isolated Denonvilliers fascia
(DF).

Fig. 6 – After sectioning of the posterior wall of the urethra.
The clamp passes under only the posterior wall of the
striated sphincter and median fibrous raphe, which is
separated from the neurovascular bundles laterally.
Pu = pubis; Pr = prostate; C = membranous urethral
catheter; C’ = prostate catheter; NVB = neurovascular
bundle; 1a = membranous urethra; 1b = prostatic urethra;
2a = anterolateral wall of RS; 2b = prostatic attachment of
RS; 3 = posterior wall of RS and MFR.

Fig. 7 – After prostate removal, the RS is divided from
the prostatic apex about 1–2 cm dorsocephalad to the
urethra, near where it inserts into the Denonvilliers fascia.
Pu = pubis; C = membranous urethral catheter; C’ = bladder
catheter; B = bladder; NVB = neurovascular bundle;
1 = membranous urethra; 2 = anterolateral wall of RS;
3a = sectioned posterior wall of RS and MFR; 3b = sectioned
Denonvilliers fascia; 4 = bladder-neck eversion.
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Figura 17. Esquema que muestra la sutura del esfínter estriado y del rafe medio 
posterior con el remanente de fascia de Denonvilliers. Posteriormente se fija la 
sutura (5) de estas estructuras a la pared posterior de la vejiga unos 2 
centímetros en sentido dorsocefálico al cuello vesical (6). Pu: pubis; C: catéter 
en uretra membranosa; C’: catéter en vejiga; B: vejiga; 1: uretra membranosa; 
2: pared anterolateral del esfínter estriado; 3a: pared posterior del esfínter 
estriado y rafe medio posterior seccionada; 3b: fascia de Denonvilliers 
seccionada; 4: eversión del cuello vesical; 7: anastomosis uretrovesical. 
Obtenido de Rocco y colaboradores (57). 

 
  

2.2.2. Patients’ characteristics
From February 2000 to August 2005, 250 consecutive patients
(group 1) with prostate cancer received the modified RRP and
were prospectively evaluated. Fifty consecutive patients (group
2), treated from November 1998 to January 2000, received the
unmodified Walsh RRP and served as a historical control group.
Table 1 summarises the characteristics of the two groups.

2.2.3. Study end points
The percentages of patients regaining urinary continence at 3,
30, 90, and 360 d after catheter removal were assessed. Early
continence was defined as no use of pads or one pad per day.
Incontinence was defined as use of two or more pads in 24 h.

Continence was evaluated at 3 d after catheter removal,
with an interview of the patient and a 24-h pad test.
Continence at 30 and 90 d and every 3 mo subsequently were
evaluated with the International Consultation on Inconti-
nence Questionnaire-Short Form [10].

Comparison of quantitative (follow-up time, age, prostate-
specific antigen [PSA]) and categoric (pathologic stage, Gleason)
variables between group 1 and group 2 were performed with the
use of Mann-Whitney U and chi-square tests, respectively. A

Fig. 8 – Suturing the RS and median fibrous raphe to the
remaining Denonvilliers fascia. Pu = pubis;
C = membranous urethral catheter; C’ = bladder catheter;
B = bladder; NVB = neurovascular bundle; 1 = membranous
urethra; 2 = anterolateral wall of RS; 3a = sectioned
posterior wall of RS and MFR; 3b = sectioned Denonvilliers
fascia; 4 = bladder-neck eversion.

Fig. 9 – Lateral view of action depicted in Fig. 8. Pu = pubis;
C = membranous urethral catheter; B = bladder;
U = urethra; 3a = sectioned posterior wall of RS and MFR;
3b = sectioned Denonvilliers fascia; 4 = bladder-neck
eversion.

Fig. 10 – Fixation of the RS and DV (5) to the posterior wall of
the bladder about 2 cm dorsocephalad to the new bladder
neck (6). Pu = pubis; C = membranous urethral catheter;
C’ = bladder catheter; B = bladder; 1 = membranous
urethra; 2 = anterolateral wall of RS; 3a = sectioned
posterior wall of RS and MFR; 3b = sectioned Denonvilliers
fascia; 4 = bladder-neck eversion; 7 = posterior
urethrovesical anastomosis.
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Figura 18. Vista lateral de la acción descrita en la Figura 18. Fijación de la 
unión del esfínter estriado y rafe medio posterior con la fascia de Denonvilliers 
(5) a la pared posterior de la vejiga unos 2 centímetros en sentido dorsocefálico 
al cuello vesical (6). Pu: pubis; C: catéter en uretra membranosa; C’: catéter en 
vejiga; B: vejiga; 1: uretra membranosa; 2: pared anterolateral del esfínter 
estriado; 3a: pared posterior del esfínter estriado y rafe medio posterior 
seccionada; 3b: fascia de Denonvilliers seccionada; 4: eversión del cuello 
vesical; 7: anastomosis uretrovesical. Obtenido de Rocco y colaboradores (57). 

  
  

crude comparison of treatment effect on continence was
assessed with the use of Pearson chi-square. We then used
multiple logistic regression to assess treatment efficacy at
different times (discharge, 1, 3, and 12 mo), while taking into
account differences in disease stage. In the regression models
we included the following covariates: age at surgery (four
categories: 45–59, 60–64, 65–69, 70+ yr); pathologic T stage (two
categories:pT2,pT3–4);Gleason score (three categories:2–4,5–7,
8–10). The dependent variable was dichotomised as follows:
continence: 0, stress or severe incontinence: 1. All the analyses
were performed with the use of Stata 9.2 [11].

3. Results

The two groups who received RRP (groups 1 and 2)
had very similar age; group 1 had lower preoperative
PSA concentration, earlier stage, and more patients
in the intermediate category (5–7) of Gleason score
(Table 1). The follow-up was longer in group 2.

Continence was regained in 156 (62.4%), 185 (74%),
and 213 (85.2%) patients of the 250 in group 1 at 3, 30,
and 90 d, respectively, following catheter removal.
In 50 patients in group 2, continence was regained in
7 (14%), 15 (30%), and 23 (46%) at 3, 30, and 90 d,
respectively (Table 2). The proportion of patient
continence in group 1 was significantly greater than
in group 2 at 3-, 30-, and 90-d assessment.

Patients in group 1 showed dramatically lower
and statistically significant frequencies of incon-
tinence at discharge (37.6% vs. 86.0%, crude odds
ratio [OR]: 0.10), 1 mo (26.0% vs. 70%, crude OR: 0.15),

and 3 mo of follow-up (14.8% vs. 54%, OR: 0.15); after
1 yr, recovery was almost complete and similar in
the two treatment groups (94% vs. 90%) (Table 2).
These results were confirmed after adjustment for
potential confounders like age, stage, and Gleason
score in a multiple logistic regression models (ORs at
discharge, 1 mo, 3 mo, and 1 yr: 0.13, 0.17, 0.16, and
0.73, respectively).

On pathologic examination, 43 group 1 patients
(7.6% and 9.6% in pT2 and pT3 patients, respectively)
had positive margins: 17 (6.8%) at the prostatic apex
and 26 (10.4%) at other sites. In group 2, 8 patients
(6% and 10% in pT2 and pT3 patients, respectively)
had positive margins: 3 (6%) at the apex and 5 (10%)
at other sites.

Bladder-neck strictures occurred in five patients
(2%) in group 1 at 4 mo after catheter removal and in
two patients (4%) in group 2 at 3 mo after catheter
removal. Acute urinary retention occurred in eight
(3.2%) group 1 patients and in one (2%) group 2
patient 24–72 h following catheter removal.

4. Discussion

In this study we found that 62.4% of patients
operated with the technique for sphincter recon-

Fig. 11 – Lateral view of action depicted in Fig. 10. Fixation
of the RS and DV (5) to the posterior wall of the bladder
about 2 cm dorsocephalad to the new bladder neck (6).
Pu = pubis; C = catheter; B = bladder; U = urethra;
1 = membranous urethra; 2 = anterolateral wall of RS;
3a = sectioned posterior wall of RS and MFR; 3b = sectioned
Denonvilliers fascia; 4 = bladder-neck eversion;
7 = posterior urethrovesical anastomosis.

Table 1 – Characteristics of 250 patients who received the
modified radical prostatectomy and 50 consecutive
historical controls who received the unmodified Walsh
radical prostatectomy

Group 1
(modified

RRP)

Group 2
(unmodified

RRP)

p

No. of patients 250 50

Follow-up (mo)
Range 3–69 70–84 0.001
Mean 39.4 79.8

Age (yr)
Range 48–75 57–73 0.26
Mean 65.8 68.22

PSA (ng/ml)
Range 0.1–62.6 3–65 0.001
Mean 9.5 15.2

Stage
pT2 171 (68.4%) 24 (48.0%) 0.001
pT3 78 (31.2%) 22 (44.0%)
pT4 1 (0.4%) 4 (8.0%)

Gleason score
Microfocus 2 (0.8%) 0 0.001
2–4 12 (4.8%) 12 (24.0%)
5–7 194 (77.6%) 24 (48.0%)
8–10 26 (10.4%) 14 (28.0%)
Neoadjuvant

hormone therapy
16 (6.4%) 0

RRP = radical prostatectomy.
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Figura 19. Esquema mostrando los detalles anatómicos de la técnica de la 
capucha. Los componentes anatómicos de la capucha envuelven y protegen la 
uretra membranosa y el esfínter uretral externo, y por consiguiente la 
anastomosis uretrovesical. 
1: sínfisis púbica; 2: esfínter uretral externo; 3: capa venosa superficial; 4: 
músculo puboperinealis; 5: músculo elevador del ano; 6: delantal detrusoriano; 
7: muñón uretral; 8: complejo venoso dorsal profundo; 9: hamaca neural; 10: 
conducto deferente; 11: capa retrotrigonal; 12: cuello vesical. Obtenido de 
Wagaskar y colaboradores (67). 

  

1. Introduction

Prostate cancer is commonly treated with robotic-assisted
radical prostatectomy (RARP). This technique is challenging
given the need to address the competing goals of cancer
control, maintenance of urinary continence, and recovery of
sexual function. While oncological efficacy is the most
critical endpoint, quality of life issues impact survivorship
and are important considerations in this surgery. The major
side effects of RARP are sexual dysfunction and urinary
incontinence. The latter, in particular, can have a significant
negative impact [1] on day-to-day life and is the focus of this
study.

Continence following radical prostatectomy is achieved
through the delicate and well-orchestrated interplay
between (1) groups of muscles (smooth and voluntary)
that are (2) anchored to fixed bony (public symphysis) and
ligamentous structures (puboprostatic ligaments and arcus
tendineus) [2] and (3) complemented by the cushioning
effect of mucosa (urethra) and the surrounding soft and
fascial tissue (lateral prostatic fascia and detrusor apron)
[3], intact innervation [2], angulation between the bladder
neck and urethra [4], and full functional length urethra
preservation [5], which also helps in recovery of continence.

There have been a number of modifications in, and
refinements to, surgical techniques to optimize continence
after RARP. These include modifications in apical dissection
to maximize urethral length [6], preservation of the anterior
puboprostatic complex (anterior reconstruction) [7], sutur-
ing of Denonvilliers’ fascia for posterior support (posterior
reconstruction and Rocco stitch) [8], bladder neck plication
[9], use of suspension sutures, wrapping of the detrusor
behind the anastomosis (detrusor wrap) [10,11], and
combinations of these strategies.

Secco et al [12] developed a novel anterior-posterior
modification to RARP to preserve structures in the space of
Retzius (anterior support and detrusor apron). This
technique preserves the entire space of Retzius and its
contents by approaching the prostate and the bladder neck
through the pouch of Douglas. There are convincing data
describing the impact of this technique on the early return
of continence. Despite considerable enthusiasm for this
strategy, many more surgeons perform robotic prostatec-
tomy from the anterior aspect (with approximately 1 million
such surgeries performed [13–16]) than through the
anterior-posterior approach.

Inspired by the work of Dr. Robert Myers, we conceptu-
alized a novel surgical technique that preserves the
contents of the space of Retzius using an anterior approach.
With our novel technique, preserved tissue after prostate

removal has the appearance of a “hood” comprising the
detrusor apron, arcus tendineus, puboprostatic ligament,
anterior vessels, and some fibers of the detrusor muscle.
This hood surrounds and safeguards the membranous
urethra, external sphincter, and supportive structures
(Fig. 1).

Our primary aim is to describe surgical steps of the novel
“hood technique”. The secondary aim of this study is to
present early continence outcomes, complications, and
surgical margin rates of the hood technique. In this study,
we have also identified periurethral structures in preoper-
ative multiparametric magnetic resonance imaging. Addi-
tionally, we reviewed continence outcomes of the hood
technique, a previously published technique by a senior
author (A.K.T.), and published results of the Retzius-sparing
approach.

Fig. 1 – Sketch demonstrating hood surgical anatomy. Anatomical
components of the hood surround and safeguard the membranous
urethra and the external urethral sphincter, and thereby urethrovesical
anastomosis. 1 = pubic symphysis; 2 = external urethral sphincter;
3 = superficial venous layer; 4 = puboperinealis muscle; 5 = levator ani
muscle; 6 = detrusor apron; 7 = urethral stump; 8 = deep venous complex;
9 = neural hammock; 10 = vas deferens; 11 = retrotrigonal layer;
12 = bladder neck.

Conclusions: Results indicate that the hood technique spares musculofascial struc-
tures anterior to the urethral sphincter complex with early return of continence after
surgery, without compromising positive surgical margin rates. Exclusion of anterior
tumor location contributed to a reduction in positive surgical margins.
Patient summary: By better preservation of anatomical structures around the ure-
thra, we were able to achieve early return of urinary continence without a negative
impact on complications and cancer outcomes.

Published by Elsevier B.V. on behalf of European Association of Urology.
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