Pelvic Viscera

Female Pelvic Viscera 

The female pelvic viscera include the urinary bladder, uterus, uterine tubes (fallopian tubes), ovaries, inferior part of the large intestine ( rectum and the pouches. The rectouterine pouch is between the rectum and uterus, whilst the vesicouterine pouch is between the uterus and bladder. These are recesses. 

Male Pelvic Viscera

The male pelvic viscera include the urinary bladder, genital ducts (ductus deferens), rectum, peritoneal recesses such as rectovesical (recess between the rectum and bladder). 

Rectum (Moore: Pg 384, Netter Plate: 267)

The rectum is the inferior portion of the large intestine. It is the continuation of the sigmoid colon proximally and terminates at the anorectal junction. The longitudinal muscle layer of the large intestine spreads out and becomes more pronounced in the sigmoid colon. The rectum follows the curve of the sacrum and coccyx forming the sacral flexure (perineal flexure). The rectosigmoid junction is anterior to the S3 vertebral level. The rectum ends anteroinferior to the coccyx and turns posteroinferior to form the anorectal flexure, perforating the pelvic diaphragm to become the anal canal. When viewed anteriorly, the rectum has lateral flexures (superior, intermediate, inferior) due to the transverse rectal folds of the mucosa. 

Anterior relations of rectum: male (Moore: Pg 385)

Rectovesical pouch, Rectovesical septum (between fundus of bladder and ampulla of rectum)

Genital ducts (ductus deferens), seminal vesicles, prostate, bladder (fundus)

Anterior relations of rectum: female (Moore: Pg 386)

Rectouterine pouch, rectovaginal septum (between rectum and vagina)

Posterior wall of vagina

Relations of rectum

Sacrum, Piriformis muscle, Sacral Plexus

Superior rectal vessels

Inferior hypogastric plexus

Arterial Supply of Rectum (Moore: Pg 386 Fig: 3.30, Netter Plate: 287)

The superior rectal artery is a continuation of the inferior mesenteric artery. It splits into two branches supplying the proximal portion of the rectum. The two middle rectal arteries arise from the inferior vesical arteries; supply the middle and inferior portions. The inferior rectal artery forms a branch of the internal pudendal artery, and this supplies the inferior portion of the rectum. 

Veins of rectum (Moore: Pg 386 Fig: 3.30, Netter Plate: 369)
The superior rectal vein drains most of the rectum and becomes the inferior mesenteric artery. This forms part of the portal venous system. The middle and inferior rectal veins also drains the rectum and these form part of the systemic circulation. There is some degree of anastomosis between these veins and this forms part of the portal caval anastomoses. During portal hypertension, these system of veins become enlarged therefore causing haemorrhoids. 

Lymphatic drainage of rectum (Moore: Pg 386, Netter Plate: 386)

The lymphatic drainage of the rectum follows much like the arterial supply. The superior half of rectum drains mostly into lymph vessels in this region, ascending to the pararectal nodes, and from here efferent vessels lead to lumbar nodes. The inferior half of the rectum drain via the middle rectal artery pathway, and into the internal iliac nodes. 

Innervation of rectum (Moore: 386, Fig: 3.31B)

The innervation of the rectum is from two sources, sympathetic and parasympathetic systems. The sympathetic supply is derived from the lumbar trunks, and superior hypogastric plexuses via plexuses around the inferior mesenteric artery. The parasympathetic supply is from the pelvic splanchnic nerves. The fibres pass from these nerves to the left and right inferior hypogastric plexuses to supply the rectum. Visceral afferents travel to these plexuses and reach spinal cord (S2-S4) via pelvic splanchnic nerves. 

Urinary Bladder (Moore: Pg 358, Netter Plate: 338/343)

The urinary bladder is a muscular pouch like structure that is responsible for storage of urine. When empty the bladder constricts to a small size and its high distensibility means it can expand to a great degree. The bladder is anatomically divided into the apex, body, fundus, neck and uvula. The apex is pointed towards the superior aspect of pubic symphysis, attaching to the urachus. The body is located between the apex and fundus, and the fundus forms the posterior (base) side of bladder. The inferolateral surfaces of the bladder meet to form the neck, and the uvula is formed by the slight projection of the trigone of the bladder. 

The wall of the bladder is largely made up of smooth muscle ( detrusor muscle. 

Trigone of Bladder (Moore: 362, Fig: 3.17, Netter Plate: 343)

The trigone of the bladder is formed by the triangular area governed by ureteric orifices, internal urethral orifice. The wall of the bladder is formed by smooth muscle, and these fan out towards the neck of the bladder to contribute to the involuntary internal urethral orifice. The ureters enter the bladder in an inferomedial direction, in an oblique fashion. 

Relations of Bladder

Peritoneum, Peritoneal Pouches, Genital ducts, uterus, vagina, Pubic bones

Ureters in Males (Moore: 357, Netter Plate: 319)

The ureters run from the abdominal cavity to the pelvic cavity, as they pass the bifurcation of the aorta to form common iliac arteries. This is the lesser pelvis. The gonadal vessels (testicular artery) coming from the aorta pass anterior to the ureters. They travel inferolateral, and then turn inferomedial entering the muscular wall of the bladder. This forms a one-way flap, which prevents urine reflux into the ureter. In males the only structure that passes between the ureter and peritoneum is the ductus deferens. 

Ureters in Females (Moore: 357)

The course of the ureters is much the same as for males. In females, the ureters travels medial to the origin of the uterine artery, travelling to the ischial spine – where the uterine vessels pass superior to ureters. They then travel lateral to the fornix of the vagina entering the bladder inferomedial on the posterior aspect of the bladder. 

Urethra in females (Moore: 364: Netter Plate: 353)

The female urethra is shorter in length than the male urethra, subsequently posing a greater risk of urinary tract infections in females than in males. This is because bacteria can easily pass through this short interface and reach the bladder infecting it. 

The female urethra is about 4cm long (6mm wide) and runs from the internal urethral orifice anteroinferior and then posteroinferior to the pubic symphysis. The external urethral orifice is in the vestibule of the vagina and is anterior to the vagina. The urethra passes with the vagina along the same plane and there are a number of urethral glands present on the superior part of the urethral (paraurethral glands – homologous to prostate). 

Urethra in males (Moore: 363, Fig: 3.19, Netter Plate: 358/9)

The urethra of males is considerably longer than in females, almost 20cm. This makes it rare for a male to get a UTI, but does not rule out a possibility. The male urethra is divided into four main segments.

The urethra of neck of the bladder runs from the internal urethral sphincter to the prostate. The continuation of this is the prostatic urethra, the widest and most dilatable part of the urethra. This runs through the prostate. There are two main features of this urethra. The prostatic utricle, which is a small slit like opening, and the ejaculatory ducts open into this area also. The membranous urethra is the portion that runs through the urogenital diaphragm and this forms the narrowest stiffest part of the urethra. Lastly the spongy urethra forms most of the male urethra and is located within the corpus spongiosum of the penis. 

Prostate (Moore: Pg 369, Netter Plate: 358)

It is rather difficult to divide the prostate anatomically but traditionally it is divided as follows:

· Anterior Lobe (Isthmus): Lies anterior to the prostatic urethra and forms the fibromuscular part of the prostate. 

· Posterior Lobe: Lies posterior to the prostatic urethra inferior to the ejaculatory ducts

· Lateral Lobes: Lies lateral to the prostatic urethra and forms most part of the prostate. 

· Middle Lobe (median); Lies between the urethra and the ejaculatory ducts. (i.e.: above the posterior lobe)

Benign Prostatic Hypertrophy (Moore: Pg 369/370)

The enlargement of the prostate is common among elderly males. This is when the middle lobe of the prostate tends to increase in size considerably, projecting into the urinary bladder and causing disturbance to the internal urethral orifice, and prostatic urethra. This disturbance causes an obstruction and therefore making it difficult to urinate. A digital rectal examination is done to examine this, where the prostate feels enlarged. This is done with the bladder full, such that the prostate is held in place tightly. 

Prostatic cancer is commonest among people aged above 55. A digital rectal examination will produce a hard, tough and irregular prostate gland. The cancerous cells will metastasise to internal iliac and sacral nodes. 

Arterial supply to Bladder (Moore Pg: 362 Netter Plate: 320)

The arterial supply to the bladder is mainly derived from branches of the internal iliac artery. The superior vesical arteries supply the anterosuperior part of the urinary bladder. The inferior vesical arteries, in males, supply the fundus and body of the bladder but in females the vaginal arteries, which supply the posteroinferior aspects of the bladder, replace these. The obturator and inferior gluteal arteries also send small branches to the bladder. 

Lymphatics and innervation of bladder and prostate (Moore Pg 362 Pg369, Fig: 3.14B)

Bladder

The bladder is innervated by parasympathetic and sympathetic nerve fibres. The parasympathetic fibres are derived from pelvic splanchnic nerves. These supply motor function to the detrusor muscle, and are inhibitory to the internal sphincter. Hence during urination, the sphincter relaxes allowing passage of urine. The bladder is invested with the vesical plexus and this is continuos with the inferior hypogastric plexus. Sympathetic fibres come from T11 – L2. Afferents follow up to S2-S4. 
The lymphatics from the superior aspect of the bladder drain mainly into the external iliac nodes, whilst from the fundus they drain mainly to the internal iliac nodes. Some drainage also persists to common iliac and sacral nodes. 

Prostate

Parasympathetic innervation arises from pelvic splanchnic nerves (S2-S4) and sympathetic fibres derive from the inferior hypogastric plexus (continuation of the vesical plexus). 

The lymphatics terminate chiefly in the internal and sacral lymph nodes. Prostatic cancer usually spreads via blood not via lymphatics. 

Development of rectum, bladder, urethra (Langmans Pg 316 Fig: 14.12/14.13)

The development of the bladder, urethra and rectum (anal canal) occurs during 4th-7th week of development. The cloaca divides into the primitive urogenital sinus anteriorly and primitive anal canal posteriorly. The urorectal septum, a thin piece of mesoderm separates these two compartments. 

Development of ureters (Langmans Pg 304 Fig: 14.12, 14.4)

The ureters development from the ureteric bud. The ureteric bud is an outgrowth of the distal portion of the mesonephric ducts. These ducts penetrate the urogenital sinus, the upper part forms the urinary bladder. These mesonephric ducts get incorporated into the urogenital sinus, and this formation resembles the ureter-kidney relationship in the adult human. 

Problems with development of rectum, bladder and urethra (Langmans Pg 301, 318)

Usually the allantois does not persist in the adult, gets obliterated and forms the urachus or median umbilical ligament. If the allantois does persist, it connects to the urinary bladder forming a urachal fistula. If parts of the allantois get obliterated, we get formation of cyst called urachal cyst, whereby the lining secretes fluid into the cavity. In the case of a sinus, the median umbilical ligament ceases after connecting to the urinary bladder and the allantois is continuos with the outside, forming a urachal sinus. 

An imperforate anus is when there is no anus opening. The anal canal forms a blind end tube. In a case of a fistula, there is a connection between the rectum/anal canal to the urethra. This connection represents a single out-duct for urine and faeces to pass through. 

Male genital ducts (Moore Pg 367, Netter Plate: 362)

The testis ( retes testis ( efferent ductules ( epididymis ( head ( body ( tail ( distal portion continues as ductus deferens ( ascends in spermatic cord ( through superficial inguinal canal ( lies external to the parietal peritoneum ( crosses superior to the ureter ( becomes dilated to form the ampulla of the ductus deferens ( joins with ducts of seminal vesicles ( ejaculatory ducts ( empty into the prostatic urethra. 

Male genital ducts (Moore 368/369 Netter Plate: 358)

The seminal vesicles secrete a thick alkaline fluid which mixes with the sperm and this now becomes the semen. The seminal vesicle duct joins with the ampulla of the ductus deferens to become the ejaculatory duct and this empties into the prostatic urethra. 

The innervation of the ductus deferens, seminal vesicles and ejaculatory ducts is from the inferior hypogastric plexuses. The ductus deferens is richly innervated by autonomic nerves thereby facilitating the ejaculation process. 

Broad Ligament of the uterus, uterine tube and ovary (Moore 374, Netter Plate: 345/346)

The broad ligament of the uterus is a collective term used to describe the mesentery of the uterus, ovary and uterine tubes. The broad ligament of uterus is formed by the parietal reflections of peritoneum forming a double-layered peritoneum covering. The function of the broad ligament is to hold the uterus is place. There are different part of the broad ligament of the uterus, which are briefly described below:

· Mesovarium: This portion suspends the ovary 

· Mesosalpinx: This portion of the broad ligament is between the ovary and the uterine tubes (fallopian tubes). This is mesentery of the uterine tubes.

· Mesometrium: This portion of the broad ligament forms the largest area and is inferior to the mesovarium and mesosalpinx, and forms the mesentery of the uterus. 

· Suspensory Ligament of Ovary: This is an extension of the broad ligament of uterus on the posterosuperior aspect and this conveys the ovarian vessels, connecting to the lateral wall of the pelvis. 

· Round ligament of uterus: This lies anteroinferior between layers of broad ligament (Netter Plate: 345)

Ovaries (Moore Pg 384, Netter Plate: 346, 349)

The ovaries are almond shaped organs that are involved in ovulation of females after puberty. The lateral part of the mesovarium extends as the suspensory ligament of ovary and this conveys ovarian vessels, nerves and lymphatics. This ligament attaches the posterosuperior aspect to the lateral pelvic wall. The ligament of ovary is a connection of the medial ovary to the lateral angle of the uterus, just inferior to the entrance of the uterine tubes. The associated mesentery of the ovary is a mesovarium. 

Uterine (Fallopian) tube (Moore Pg 383 Fig: 3.25, Netter Plate: 346)

The uterine tube conveys the oocytes to the uterus for implantation, during the process they fertilise the oocyte. The uterine tube can be anatomically divided into four parts. The infundibulum is the first part where the oocyte enters the uterine tube. This is marked by large finger like projections of the uterine tube called fimbriae. These are designed to catch the oocyte (pass through the abdominal ostium) when they get released from the ovary into the open peritoneal cavity. This continues as the ampulla, which is the longest and widest part of the uterine tube. This is where the oocyte gets fertilized. The isthmus is the last part of the uterine tubes, and this connects to the lateral horn of the uterus. The uterine part (intramural) is the part of the tube, which passes through the wall of the uterus and enters it through the uterine ostium. 

The uterine tubes travel within the mesosalpinx. 

Uterus (Moore Pg 374, Fig: 3.25 Netter Plate: 345/346/347/348)

Moore and Dalley divide the uterus into two main regions. The body and cervix. The body is further divided into two parts and these are the fundus, and isthmus. The fundus is the superior 1/3 of the uterus and this is where the uterine tubes enter the uterus. The isthmus is just superior to the cervix and is the narrowest part of the body. The body extends from the uterine ostium (superiorly) to the cervix (inferiorly). The cervix is a cylindrical shaped part, which opens into the upper most part of vagina. 

The uterine tubes enter the uterus through the wall and uterine ostia. 

Orientation of uterus (Moore Pg 374, Netter Plate: 347/8)

Normally the uterus in an adult female is in an anteflexed position. That is the body is bent relative to cervix such that body mass lies over the bladder. There are other positions that the uterus can be found in. Anteversion is when the uterus is bent at the cervix relative to the vagina. Retroflexion is when the uterus is bent backward at the body of uterus relative to cervix, and retroversion is when the uterus is bent backward at cervix relative to vagina. 

Just remember that version is related to bending at cervix relative to vagina, and flexion is related to bending of body relative to cervix. Ante means forwards and retro means backward. 

Normally the uterus is in anteflexion position where the body of the uterus is slight bent forward relative to the cervix. 

Vagina (Moore Pg: 371, Netter Plate: 345)

The vagina extends from the cervix to the vestibule of vagina between the labia minora. The vagina encircles the cervix in three positions, known as fornices. These are known as anterior, posterior and lateral fornices. The posterior fornix is closely related to the rectouterine pouch. The vagina is closely related anteriorly to the bladder and urethra, posteriorly to the rectum (and anal canal) and laterally to the levator ani muscles. 

Blood supply of uterus, uterine tubes, vagina and ovaries (Moore Pgs: 378, 383, 372, 384 Netter Plate: 375)

The internal iliac artery gives rise to a complex network of arteries that anastomose around the uterus. This anastomosis network derives from the uterine arteries and supplies the uterus. There is some degree of overlap between the uterine arteries and ovarian artery descending from the abdominal aorta at about L2 level. The ovarian arteries supply the ovary, after descending over the common iliac arteries entering the pelvic brim. The vagina is supplied by (vaginal arteries) branches of the uterine arteries superiorly, and the middle and inferior regions is supplied by branches from inferior rectal and internal pudendal artery. 

The best way to remember this is the anastomoses network of the uterus. The uterus is done by internal iliac branch ( uterine artery, ovary ( ovarian vessels anastomosing with uterine vessels (L2/L3 level), vaginal arteries ( derived from uterine, inferior rectal and internal pudendal arteries. 

In terms of venous drainage. Uterine veins form the uterine venous plexus, which drains into the internal iliac veins. The ovarian plexus is derived from the veins within the broad ligament, and this drains directly into the inferior vena cava (right) and left renal vein (left). 

Lymphatics, innervation of uterus, uterine tubes, vagina, ovaries (Moore: same pages as before)

Uterus: Three main pathways highlighted below:

· Most lymph vessels from the fundus drain into the lumbar nodes, with some draining into the external iliac nodes and superificial inguinal nodes

· The body is drained into the external iliac nodes

· The cervix is drained into the internal iliac nodes and some to the sacral nodes. 

Uterine tubes: 

· Lumbar nodes drain all of the uterine tubes
Vagina:

· Superior part: internal and external iliac nodes

· Middle part: internal iliac nodes

· Inferior part: drains into sacral and common iliac nodes, with some spilling over to superficial inguinal nodes. 

Ovaries:

· Lumbar lymph nodes

Pattern recognition

· Ovaries and uterine tubes both drain into the lumbar lymph nodes

· Uterus has the following pattern ( LESSI (Lumbar, External, Sacral, Superficial, and Internal)

· Vagina has this pattern ( CIESS (Common, Internal, External, Sacral, Superficial). 

Innervation

The sympathetic innervation of all of these structures travels from the inferior hypogastric plexus to the uterovaginal plexus. The afferent fibres travel to spinal cord segments T11, T12. 

Development of gonads (Langmans Pg 319, Fig: 14.17, 14.18)

The gonads develop near the mesonephros and mesonephric ducts. They first appear as longitudinal ridges called genital ridges near the mesonephros. These ridges are formed by the proliferation of the epithelium. Once these ridges are formed, it forms the basis of gonadal development. Primordial germ cells first appear as part of the endoderm of the yolk sac, and they migrate to the longitudinal ridges. Failure to migrate means, failure of development of gonads. 

Descent of the gonads 

The gubernaculum (genitoinguinale ligament) descends from the gonadal region to the inguinal region and then to the labioscrotal swelling. The ovaries in females descend to the pelvis and at around the time of birth, in males, the processus vaginalis follows the gubernaculum to the scrotum, and then the tests also follow. 

Development of genital ducts (Langmans: 324 Fig 14.23, 14.24)

The embryo has two genital duct system. Each of these later goes on to form the male genital duct system and female genital duct system. The male genital duct system derives from the mesonephric ducts, and the female genital duct system derives from the paramesonephric ducts. The paramesonephric ducts opens into the abdominal cavity via a funnel shaped tube, and this becomes the uterine tube and abdominal ostium discussed above in the adult female. 

The mesonephric duct system forms the main genital duct system of the male. This developments proximally into the ductus epidydimis, and ductus deferens – after attaining a thick muscular coating. The seminal vesicle also develops from this duct system, and together the two ducts combine to form the ejaculatory duct emptying into the prostatic urethra. The paramesonephric ducts in the males degenerate mostly.

The paramesonephric duct system forms the main genital duct system of females. This goes on to form the uterus, uterine tubes, cervix and upper vagina. Initally we can see three main components of the genital ducts. A vertical part opening into the abdominal cavity, a horizontal part crossing the mesonephric duct (ureter in adult female), and a vertical part on the other side. The initial part is the uterine tube and fimbriae and abdominal ostium. The second vertical part is the coming together of the uterine tubes, forming the uterus and cervix. 

Development of vagina (Langmans Pg 329 Fig 14.29, 14.30)

The paramesonephric duct system comes into contact with the urogenital sinus, triggering proliferation of the cells forming a solid vaginal plate. This forms the sinovaginal bulbs. The canalisation of the vagina occurs when the cells begin to proliferate cranially and eventually the vaginal plate is canalised. The hymen is the portion which is still connected to the borders of the vagina. (Fig: 14.29C). The vagina at its superior portions forms wing like structures that encompass the cervix, forming the vaginal fornices (three of them ( anterior, posterior, and lateral). 

Abnormalities of uterus, and vagina development (Langmans Pg 330)

If the distal segments of the paramesonephric ducts do not fuse along the midline, then we have duplicated structures. Also atresia (congenital absence of closure of sinovaginal bulb) of the sinovaginalis bulb means canalisation of the vaginal plate does not occur. 

Abnormalities of testes descent

Failure to descend means testes are still in the abdominopelvic cavity. A patent processus vaginalis predisposes to an indirect inguinal hernia. 

