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The pelvic autonomic nerve system is a complex network divided into three parts—the sympathetic,
parasympathetic, and enteric nervous systems. The enteric nervous system controls the functions of the
gastrointestinal tract and is not associated with the autonomic innervation of the pelvis. Therefore, the sympathetic
and parasympathetic nerve plexuses innervate the pelvic viscera. The superior hypogastric plexus (SHP),
sympathetic trunk, hypogastric nerves (HNs), and most parts of the inferior hypogastric plexus (IHP) contribute to

the sympathetic system of the pelvis.
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| 1. Introduction

The pelvic autonomic nerve system is a complex network divided into three parts—the sympathetic,
parasympathetic, and enteric nervous systems. The enteric nervous system controls the functions of the
gastrointestinal tract and is not associated with the autonomic innervation of the pelvis . Therefore, the
sympathetic and parasympathetic nerve plexuses innervate the pelvic viscera 2. The superior hypogastric plexus
(SHP), sympathetic trunk, hypogastric nerves (HNs), and most parts of the inferior hypogastric plexus (IHP)
contribute to the sympathetic system of the pelvis. In contrast, the pelvic splanchnic nerves (PSNs) (arising from
the S2—-S4 anterior sacral roots) provide the parasympathetic innervation of the pelvis. The IHP is an intricate
plexus, which is formed by the HNs (mainly sympathetic and secondarily parasympathetic innervation), pelvic
splanchnic nerves (parasympathetic), and sacral splanchnic nerves (sympathetic innervation from multiple tiny
nerve fibers originating from the sacral sympathetic ganglions of the sympathetic trunk) BIZIBIEI - Gynecologic
oncologic procedures such as paraaortic (inframesenteric) or presacral lymphadenectomy and radical
hysterectomy are often associated with an injury to the sympathetic and parasympathetic branches of the
autonomic nervous system Bl |njury to the pelvic autonomic nervous system leads to long-term postoperative
complications such as urinary, anorectal, or sexual dysfunction (e.g., reduced vaginal lubrication and libido) BI&,
Therefore, nerve-sparing procedures have gained increasing recognition in gyneco-oncological surgery [ZRI1911]
(121 studies have reported that nerve-sparing radical hysterectomy (type C1) is associated with a similar
oncological outcome compared to conventional radical hysterectomy (type C2). Moreover, the nerve-sparing
procedure is associated with minimized surgical-related pelvic dysfunction 1324l Despite recent surgical
developments in nerve-sparing radical pelvic surgery (especially radical hysterectomy), the rate of postoperative
complications and quality of life remain unsatisfactory 12, The reason could be the complex anatomy of the IHP

and difficulties in the dissection and preservation of the IHP with its branches to the target organs.
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| 2. Anatomical Nomenclature for the Parametrium

Terms such as “superior” versus “inferior”, “anterior” versus “posterior”, and “medial” versus “lateral” will be used.

The terms superior and inferior define the anatomical aspect in the surgical supine position.

The term “parametrium”, which refers to the fatty lymphoid tissue around the uterus (including the uterine body and

cervix), defines three parametria—Ilateral, ventral, and dorsal parametria (5],

The lateral parametrium consists of the parauterine tissue (above the ureter) and paracervix tissue (below the
ureter). The parauterine tissue, also known as the “uterine pedicle”, contains the uterine artery and the superficial
uterine vein with the fatty lymphoid tissue. The paracervix (below the ureter) is separated by the vaginal vein (a
synonym of the deep uterine vein) into a cranial part (pars vasculosa) and a caudal part (pars nervosa). The pars
vasculosa may contain the branches of the internal iliac system (vaginal artery and inferior vesical artery) in
addition to the vaginal or uterine vein. In contrast, the pars nervosa contains pelvic splanchnic nerves and the
posteroinferior part of the IHP 3],

The dorsal parametrium consists of the uterosacral ligament; its superior (cranial) part is called the rectouterine
ligament, and the inferior (caudal) part is called the rectovaginal ligament 4J[11]15]

The ventral parametrium includes the vesicouterine ligament (VUL), which is medial and superior (anterior) to the
distal ureter, and the vesicovaginal ligament (VVL), which is lateral and inferior (posterior) to the distal ureter. The

term “vesicouterine ligament posterior leaf” can also be used as a synonym for the VVL 15,

The mesoureter is a mesentery-like structure containing fatty tissue, the HN, and the posterior part of the IHP. The
mesoureter is located inferior (posterior in classical anatomical position) to the ureter and defines the lateral part of
the dorsal parametrium 12, The term “ureterohypogastric fascia” can also be used as a synonym for the
mesoureter 111,

The paravaginal veins contribute to the structure of the VVL. They have been termed “inferior vesical veins” or
“middle and inferior vesical veins” by different authors 4. Researchers prefer the term “paravaginal veins”. The

vaginal vein (VV) is equal to the deep uterine vein, which drains the vaginal and vesical venous plexuses as a
single tributary [4=ILLLS]

The paracolpium is described as a distinct fatty lymphoid anatomical structure adjacent to the vagina and inferior to
the distal ureter. The VVL lies at the superolateral part of the paracolpium, close to the bladder, and the VVL is
intertwined with the paracolpium. The VVL-paracolpium border contains the paravaginal veins and the bladder

nerve branches (BNBs) of the IHP. The paravaginal veins lie parallel to the paracolpium and drains into the vaginal
vein H4IEILS],
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3. Anatomy of Pelvic Autonomic Nerve System (Hypogastric
Plexus)

3.1. Superior Hypogastric Plexus

The SHP is a retroperitoneal structure, formed caudal to the level of the inferior mesenteric artery origin and
located slightly to the left of the midline. The SHP lies anterior to the aortic bifurcation and the left common iliac
vein at the level of the sacral promontory/fifth lumbar vertebra body, between the left and right common iliac
arteries 28, Generally, the lower part of the SHP is located posterior to the sigmoid mesocolon at the right part of
the superior rectal artery Bl In 60% of cases, the SHP terminates at the sacral promontory, whereas in 40% of
patients, it ends above the distal portion of the S1 vertebra body 8. Variations in the morphology (condensation of
nerves and shape) of the SHP are often encountered: a plexiform structure, two distinct nerves, a thick single
nerve, a broadened band-like nerve trunk, etc. LIZILGILY A dissection of the SHP from the posterior parietal
peritoneum and loose connective tissue is usually straightforward 2. The SHP is derived from two lateral roots and
one median root. The median root of the SHP is the direct caudal continuation of the preaortic plexus (superior,
intermesenteric, and inferior mesenteric plexuses) &. The lateral roots of the SHP are sympathetic and
parasympathetic. The sympathetic root represents the lumbar splanchnic nerves, L3-4, which run through the
lumbar ganglia of the sympathetic trunk on both sides. Interestingly, the parasympathetic pelvic splanchnic nerves
(PSNs) also contribute to the formation of the SHP. These nerves have a cranial direction from the IHP via both the
left and right hypogastric nerves Bl In addition, the median root of the SHP, as the caudal continuation of the

preaortic plexus, also contains sympathetic and parasympathetic fibers 2IBIIL6]L7],

3.2. Hypogastric Nerves

The hypogastric nerves (HNs) are paired nerves representing the direct caudolateral continuation of the SHP. Their
origin (at the level of or above the sacral promontory) and morphology (either a distinct bundle of nerve fibers or a
network of multiple thin nerve fibers) vary among the human population B After originating from the SHP, the
HNSs run anterolateral to the presacral fascia and medial to the internal iliac vascular system. The HNs attach to the
presacral fascia through the lateral ligaments of the rectum. After descending into the pelvis, the HNs pass
approximately 5-20 mm infero-medially to the ureter and laterally to the rectovaginal ligament to enter the IHP L8]
I8 The presence of an accessory hypogastric nerve is also possible €. The HN lies as a part of the
mesoureter/ureterohypogastric fascia lateral to the dorsal parametrium (uterosacral ligament) W& Some authors
suggested that the HN contains only sympathetic fibers [l. However, the HNs contain mainly sympathetic fibers
(descending from the SHP), but also a few parasympathetic fibers (ascending nerve branches from the pelvic
splanchnic nerves and IHP) LIEIE]

The inferior mesenteric plexus, superior hypogastric plexus, and hypogastric nerves are shown in Figure 1, Figure
2, Figure 3 and Figure 4.
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Figure 1. Inferior mesenteric plexus, superior hypogastric plexus, and hypogastric nerves (embalmed cadavers;
authors’ own material). The superior hypogastric plexus has a plexiform structure on both figures. (A) Superior
hypogastric plexus and hypogastric nerves are shown. (B) Lumbar splanchnic nerves (L3) and sympathetic trunk
could be identified. SHP—superior hypogastric plexus; HNs—hypogastric nerves; Pr—promontory; CIA—common
iliac artery; Ur—ureter; CIV—common iliac vein; EIA—external iliac artery; lIA—internal iliac artery; SRA—superior
rectal artery; MSA—median sacral artery; IMP—inferior mesenteric plexus; IMA—inferior mesenteric artery; LRV—
left renal vein; LSN—Iumbar splanchnic nerve (L3); ST—sympathetic trunk; IVC—inferior vena cava; Ca—caudal;
L—left.
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Figure 2. Inferior mesenteric plexus, superior hypogastric plexus, and hypogastric nerves (authors’ own material).
(A) Embalmed cadaver; (B) open surgery. The superior hypogastric plexus has the morphology of a broadened
band-like nerve trunk in both figures. SHP—superior hypogastric plexus; IMP—inferior mesenteric plexus; PMM—
psoas major muscle; IVC—inferior vena cava; AA—abdominal aorta; IMG—inferior mesenteric ganglion; IMA—
inferior mesenteric artery; LSN—Ilumbar splanchnic nerve (L3); SRA—superior rectal artery; SP—sigmoid plexus;
Sas—sigmoid arteries; ST—sympathetic trunk marked with vessel loop; CIA—common iliac artery; Ca—caudal; R

—right; Cr—cranial.
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Figure 3. Superior hypogastric plexus, originating from the L3 paravertebral plexus and communicating nerve
fibers with the inferior mesenteric ganglion. The caudal extension of the nerve fibers from the thoracic splanchnic
nerves was excised during paraaortic lymph node dissection (surgical dissection by author IS) (L: lumbar; IVC:
inferior vena cava; RCIA: right common iliac artery; RCIV: right common iliac vein; LCIA: left common iliac artery;
LCIV: left common iliac vein; EIA: external iliac artery; IlA: internal iliac artery; IMA: inferior mesenteric artery; ALL:

anterior longitudinal ligament; SHP: superior hypogastric plexus; Imgn: inferior mesenteric ganglion; Ur: ureter).
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A. Right ureter, B. Left ureter, C. Superior hypogastric plexus, D. Right hypogastric nerve, E. Left hypogastric nerve, 1. Promontorium, 2.
Presacral space, 3. Pararectal space, 4. Left common iliac vein, 5. Psoas major muscle, 6. Genitofemoral nerve, 7. Left external iliac
artery, 8. Left external iliac vein F: Inferior Hypogastric Plexus Zone

Figure 4. Superior hypogastric plexus lies anterior to the left common iliac vein and is divided into the right and left
hypogastric nerves at the retrorectal plane. The hypogastric nerve runs approximately 2 cm posterior to the ureter

(surgical dissection by author IS).

3.3. Pelvic Splanchnic Nerves

The PSNs arise from the anterior rami of the sacral roots 2-3-4 (S2—-S4) and supply parasympathetic innervation to
the pelvic structures via the IHP. As mentioned above, some PSN fibers have an ascending course and pass
directly into the HNs and SHP BIBIZ, Most PSNs have a caudomedial course from the pelvic sidewall at the
posterior aspect of the internal iliac vein and cross the pelvic floor to enter into the IHP (3—4 cm lateral and 2—4 cm
inferior to the Douglas pouch). In some cases, there is a strict conjunction between the middle rectal vessels and
the PSNs BB However, the middle rectal artery is not always present, or it may share the same root with the
vaginal and/or inferior vesical artery. The PSNs lie medial to the vesical vessels and run inferior to the vaginal vein
(deep uterine vein) to join the IHP at the deep part of the lateral parametrium, also known as the paracervix 4&IE],

The pathway of the bladder nerve branches of the IHP is thoroughly described during dissection.

3.4. Inferior Hypogastric Plexus

The IHP is also known as the pelvic plexus or pelvic ganglion. It is a bilateral network of nerves, which lies in a

sagittal plane slightly anterolateral to the mesorectum, lateral to the vagina and rectum, and posterolateral to the
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base of the bladder. The IHP can be dissected close to the parietal pelvic fascia HEIBIEI, The superior part of the
IHP is located just below the lateral margin of the rectouterine/rectovaginal ligament within the leaves of the broad
ligament retroperitoneally. The inferior part of the plexus is more condensed compared to the superior part L. The
length (15—-40 mm) and thickness (10-30 mm) of the IHP vary in medical literature WEIGIANLEILN2021] The |HP
can be found along the posterior aspect of the internal iliac artery and vein. Visceral branches related to the
internal iliac artery and vein cross the plexus without a direct connection €29, The shape of the plexus has been
described as either triangular, quadrangular, or cross-shaped L1202 \Mayroy et al. characterized the IHP as a
triangle-shaped structure with a posterior base and an antero-inferior top, as well as three edges and angles of the
IHP. However, this description seems somewhat speculative 29, Traditionally, the anatomical description of the IHP
has delineated two main plexuses, which are the anterior, comprising the vesical and uterovaginal plexuses, and
the postero-medial, rectal plexus B8 However, other authors categorize the IHP into three distinct plexuses:
anterior (vesical), intermediate (uterovaginal), and posterior (rectal) Bl. Fuji et al. offered a different view, describing
the IHP as being formed by a cross-shaped nerve bundle, with the lateral part being the PSN (S2-S4), medial
(uterovaginal plexus), posterior (hypogastric nerve), and anterior bladder nerve branches (BNBs) 1. In
gynecologic-oncological surgery, special attention is paid to the PSNs and the BNBs, since the uterovaginal plexus

is transected during uterine removal. On the other hand, the rectal plexus can easily be preserved.
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