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Distribution of lymphatic tissues and autonomic nerves
in supporting ligaments around the cervix uteri
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Abstract. To investigate the distribution of lymphatic tissues
and nerves in the supporting ligaments around the cervix
uteri for their tomographical relationship, 9 adult female
cadavers were used in this study. Following the incision of
all supporting ligaments around the cervix, hematoxylin
and esosin (H&E) and immunohistochemical staining of
various sections of these ligaments was performed to enable
the distribution of lymph tissues and autonomic nerves to be
observed. Four lymph nodes were identified in three cadaver
specimens. Three lymph nodes were present at a distance of
2.0 cm from the cervix in the cranial side of the cardinal liga-
ments (CLs), and one lymph node was located at a distance of
4.0 cm from the cervix in the cranial side of the uterosacral
ligament (USL). The lymphatic vessels were dispersed in the
CLs, scattered in the cervical side of the USLs, and occasion-
ally distributed in the vesicouterine ligaments (VULSs). In the
CLs, parasympathetic nerves were located at the pelvic lateral
wall and went downwards and medially into the cervix, while
sympathetic fibers were located in the middle and lower parts
of the ligaments. In the USLs, the autonomic nerves, which
consisted primarily of sympathetic fibers, went downwards
and laterally from the pelvic wall to the cervix. In the VULSs,
parasympathetic and sympathetic nerves were located in the
inner sides of the vesical veins in the deep layers of the liga-
ments. It is concluded that there are few lymphatic tissues in
the supporting ligaments around the cervix uteri, and that
nerve-sparing radical hysterectomy (NSRH) may be a safe
method for the treatment of early-stage cervical cancer.
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Introduction

Carcinoma of the cervix is the second most common cancer
among women worldwide. During 2009, ~11,270 new cases
of invasive cervical cancer and ~4,070 cervical cancer-related
mortalities occurred in the US (1).

Radical hysterectomy (RH) has been the treatment of
choice for early-stage cervical carcinomas for more than a
century, with an overall 5-year survival rate of >80% (2-4).
However, it is well known that the classical RH may be accom-
panied by early and late postoperative morbidity, such as
bladder dysfunction, anorectal mobility disorders and sexual
dissatisfaction, which seriously influence the quality of life
(QOL) of surviving patients. These complications are believed
to be the results of surgical injury involving the autonomic
innervation of the pelvic organs (5-8). The nerve-sparing tech-
nique, originally developed in Japan by Okabayashi in 1921
and subsequently modified by other authors (3,7,8), had been
considered as the solution to these complications. Since then,
the anatomy of the pelvic autonomic nerves has been verified
by open surgery, and the rapid recovery of bladder function
following nerve-sparing radical hysterectomy (NSRH) has
also been demonstrated. Although the autonomic nerves of the
pelvic organs and their origins are well-described in anatomy
textbooks, these structures are rarely visualized in operating
rooms during surgery, and no consensus has been reached
on which parts of the uterine supporting ligaments [cardinal
ligament (CL), uterosacral ligament (USL) or vesicouterine
ligament (VUL)] should be targeted to minimize the poten-
tially damaging effects of NSRH.

Promising results have been reported regarding the
disease-free and overall survival (OS) following NSRH for
cervical cancer (9,10). However, concerns remain regarding
the radicality and safety of this method. It has been suggested
that parametrial lymph nodes may remain within the uterine
supporting ligaments following NSRH, which may threaten the
radicality of the procedure. Some researchers have suggested
that the parametrial lymph nodes distributed in these tissues
may cause early tumor spread, since fatty tissue in the lateral
parts of the paracervix are not completely removed following
NSRH (3,4,11). However, it has been reported that parametrial
involvement in RH specimens was observed in <1% of patients
with early-stage cervical cancer, and so extensive parametrec-
tomy was not recommended (12,13). Whether or not lymph
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nodes are located in the supporting ligaments around the
cervix is controversial, and a deep knowledge of the anatom-
ical relationship between lymphatic tissues and pelvic nerve
components, with particular reference to NSRH techniques,
is not available. Tailored surgery has become a major issue in
modern cervical cancer surgery. It is our opinion that filling
this gap may significantly help surgeons to choose the most
appropriate surgical intervention for each patient.

In the present study, the distribution of lymphatic tissues,
autonomic nervous fibers and sympathetic fibers in the
supporting ligaments around the cervix were investigated in a
series of adult female cadavers and the topographical associa-
tion between them was described.

Materials and methods

Materials. Nine formalin-fixed donated adult female cadavers
with no evidence of previous pelvic operations were used
and macroscopic dissection of normal uterine cervix was
performed at the Institute of Anatomy of Suzhou University
(Suzhou, China) between December 2008 and December 2010.
All the cadavers were adults; the mean age at death was
69.1+7.4 years (range, 52-81 years). The study was approved
by the ethics committee of Soochow University.

Dissection procedures. Firstly, the parietal peritoneum was
opened. The peritoneum of the vesicouterine pouch was then
incised. The bladder was separated from the central wall
of the cervix down to the cranial level of the trigone of the
urinary bladder. The peritoneum on the pouch of Douglas
and posterior peritoneal leaves of the broad ligament were
transversely incised. The connective tissue on the vaginal wall
was separated from the central wall of the rectum. Then, the
pararectal and paravesical spaces were developed. Following
separation of the paravesical and pararectal spaces on each
side, the CL (between the pararectal and paravesical space),
USL (between the pararectal space and rectovaginal ligament)
and VUL (between the paravesical space and vesicocervical
space) were isolated. These ligaments were then cut starting
from their origin at the uterine cervix.

Immunohistochemistry. The mean lengths of the CLs, USLs
and VULs were 4.66+0.34, 6.04+0.28 and 2.32+0.30 cm,
respectively. After labeling the direction, serial macroscopic
slices (each 10 mm) were cut from the specimens. Following
dehydration in graded ethanol and transfer to xylene, the
tissues were embedded in paraffin. Three serial slices of 5 ym,
cut at 1-cm intervals, were used for immunohistochemical
analysis. One 5-pm slice cut at a 2-mm interval was used for
standard hematoxylin and eosin (H&E) staining. Sections
analyzed using immunohistochemistry were heated in a
pressure cooker (LD2X-30KBS, Shanghai Shengan Medical
Equipment Factory, Shanghai, China) for 2 min in 0.01-mol/l
citrate buffer (pH 6.0) for antigen retrieval and then cooled at
room temperature (RT) for 20 min. Following several washes
in phosphate-buffered saline (PBS; Sigma, St. Louis, MO,
USA), the sections were quenched with 3% hydrogen peroxide
solution for 10 min to block endogenous peroxidase activity.
Following several washes in PBS, the sections were incubated
with the first antibody: S100 protein (a general nerve marker,
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1:400; Dako Goldbridge, Beijing, China), TH (an antibody
against tyrosine hydroxylase, a specific marker of sympathetic
fibers, 1:400; Dako Goldbridge) or D2-40 (a specific marker
of lymphatic endothelium cells, 1:400; Dako Goldbridge). The
incubation with the first antibody had a duration of 2 h. Then,
all the sections were incubated for 0.5 h in a Novolink Polymer
detection system (PV-9000; Novocastra, Goldbridge, Beijing,
China). With diaminobenzidine (DBA) as the chromogen, the
sections were briefly counterstained with Mayer's hematoxylin,
dehydrated via ethanol, transferred to xylene and coverslipped.
All the stained sections were assessed by a pathologist.

Results

H&E staining. Four lymph nodes were identified in three
cadavers. One and three lymph nodes were observed in the
USLs and CLs, respectively. The former was located in the
cranial side of the USL at a distance of 4.0 cm from the uterine
cervix, and the latter were present in the cranial side of the
CLs at a distance of 2.0 cm from the uterine cervix (Fig. 1A
and B). No lymph nodes were identified in the VULs. Lymph
nodes in the CLs were present bilaterally only in one cadaver.

Immunohistochemistry

Lymphatic vessels. The features of the lymphatic vessels in all
the ligaments were similar. The lumen was large and irregular
and the wall was thin and intermittent. There were large spaces
between the endothelial cells and the basement membrane was
not complete. The lymphatic vessels were dispersed in the
CLs (Fig. 10), scattered in the cervical side of the USLs, and
occasionally distributed in the VULs.

Autonomic nervous and sympathetic fibers. Autonomic
nerves consist of sympathetic and parasympathetic fibers.
S100 is a general nerve marker and TH is a specific marker of
sympathetic fibers, which are both expressed in the cytomem-
brane, cytoplasm and nucleus of Schwann cells.

In CLs, S100-positive fibers were located in the middle
part at a distance of 4.5 cm from the cervix (Fig. 2A), in the
middle and inferior parts at 3.0 cm, close to the ventral side
at 2.0 cm (Fig. 2B-D) and in the caudal and ventral sides at
0.5 cm (Fig. 2E). There were no TH-positive fibers located in
the ligaments at distances of 4.5, 4.0, 3.5, 3.0, 2.5 or 2.0 cm
from the cervix (Fig. 3A-C). The TH-positive fibers were in
the middle of the ligaments at a distance of 1.5 cm from the
cervix (Fig. 3D) and in the caudal side of the ligaments at
1.0 and 0.5 cm (Fig. 3E). In CLs, parasympathetic nerves were
located at the pelvic wall and went downwards and medially
into the cervix, while sympathetic fibers were located in the
middle and lower parts of the ligaments.

In USLs, S100-positive fibers were located in the medial
and top part at a distance of 6.0 cm from the cervix (Fig. 4A),
in the middle and inferior parts and close to the lateral side at
4.5,3.0 and 1.5 cm (Fig. 4B-D) and in the caudal and lateral
sides at 0.5 cm (Fig. 4E). TH-positive fibers were located in the
medial and cephalic parts of the ligaments at distances of 6.0
and 5.5 cm from the cervix (Fig. 5A), in the middle and infe-
rior parts of the ligaments at distances of 5.5,4.5,4.0, 3.5, 3.0,
2.5 and 2.0 cm (Fig. 5B-D) and in the caudal and lateral sides
of the ligaments at distances of 1.5, 1.0 and 0.5 cm (Fig. S5E).
In USLs, the autonomic nerves, which consisted primarily of
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Figure 1. (A) A lymph node located in the cranial side of a cardinal ligament at a distance of 2.0 cm from the uterine cervix (arrow; magnification, x4).
Immunohistochemical staining with TH antibody. The lymph node indicated by the black arrow is enlarged in (B) (magnification, x10). (C) Lymphatic vessel
walls were stained brown with anti-D2-40 (magnification, x10).

Figure 2. In cardinal ligaments, S100-positive fibers located in the ligaments at distances of (A, right) 4.5, (B, left) 3.0, (D, left) 2.0 and (E, right) 0.5 cm from the
uterine cervix (arrows; magnification, x4). The area indicated by the black rectangle in (B) is enlarged in (C) to show S100-positive fibers (magnification, x10).
Immunohistochemical staining with S-100 antibody. Right and left represent right side and left side of human body.

Figure 3. In cardinal ligaments, there were no TH-positive fibers located in the ligaments at distances of (A, right) 4.5, (B, left) 3.0 and (C, left) 2.0 cm from the
uterine cervix. TH-positive fibers were located in the ligaments at distances of (D, right) 1.5 and (E, left) 1.0 cm from the uterine cervix (arrows). Magnification,
x4. Immunohistochemical staining with TH antibody. Right and left represent right side and left side of human body.

Figure 4. In uterosacral ligaments, S100-positive fibers located in the medial and top parts at distances of (A, left) 6.0, (B, right) 4.5, (C, left) 3.0, (D, right) 1.5
and (E, right) 0.5 cm from the uterine cervix (arrows). Magnification, x4. Immunohistochemical staining with S100 antibody. Right and left represent right
side and left side of human body.
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Figure 5. In uterosacral ligaments, TH-positive fibers located in the ligaments at distances of (A, right) 5.5, (B, left) 5.0, (C, left) 3.0, (D, left) 2.0 and
(E, right) 0.5 cm from the uterine cervix (arrows). Magnification, x4. Immunohistochemical staining with TH antibody. Right and left represent right side and

left side of human body.

Figure 6. In vesicouterine ligaments, S100-positive fibers located in the medial side of vesical veins (V) in a deep layer of the VULSs at distances of (A, left) 2.0,
(B, right) 1.5, (C, left) 1.0 and (D, right) 0.5 cm from the uterine cervix (arrows). Magnification, x4. Immunohistochemical staining with S100 antibody. Right

and left represent right side and left side of human body.

Figure 7. In vesicouterine ligaments, TH-positive fibers located in the medial side of the vesical veins (V) in a deep layer of the VULs at a distance of
(A, left) 2.0, (B, right) 1.5, (C, left) 1.0 and (D, right) 0.5 cm from the uterine cervix (arrows). Magnification, x4. Immunohistochemical staining with TH

antibody. Right and left represent right side and left side of human body.

sympathetic fibers, went downwards and laterally from the
pelvic wall to the cervix.

In the VULSs, S100-positive fibers were located in the
medial side of the vesical veins in deep layers of the VULs at
distances of 2.0, 1.5, 1.0 and 0.5 cm from the cervix (Fig. 6).
TH-positive fibers were located in the medial side of the vesical
veins in deep layers of the VULs at distances of 2.0, 1.5, 1.0 and
0.5 cm from the cervix (Fig. 7). In VULS, the greatest number
of parasympathetic and sympathetic nerves were located in the
medial side of the vesical veins in deep layers of the ligaments.

Discussion

Individualization of treatment to reduce therapy-associated
early and late morbidity is the current trend in cervical
cancer surgery. The main aim of surgery is to minimize
injury to the pelvic autonomic innervation. The ideal surgical
management of cervical cancer should reduce morbidity
without compromising oncological disease control. The novel
classification of RH by Querleu and Morrow (Q-M classifica-
tion) (11) has been proposed to balance curative effects with
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the risk of adverse consequences. It distinguishes between a
type C1 procedure, which corresponds to the nerve-sparing
modification, and a type C2 procedure, which aims for a
complete parametrial resection (11). It is well known that the
normal function of the pelvic organs depends on autonomic
nerves. These autonomic nerves have important functions
for orgasm, sexual arousal, urinary functions and anorectal
motility. Several studies describing the anatomical back-
ground of NSRH based on gross, macroscopic dissections
have been published (14-16).

The superior hypogastric plexus contains mostly sympa-
thetic nerves from the abdominal aortic plexus and lumbar
ganglia of the sympathetic trunk. The superior hypogastric
plexus caudally and laterally leads to the right and left hypo-
gastric nerves. The hypogastric plexus runs through the lateral
layer of the USL to the dorsal part of the paracervix in a cranio-
caudal fashion. Hypogastric nerves bilaterally incorporate the
dorsocranial part of the inferior hypogastric plexus. The pelvic
plexus is composed of sympathetic fibers from the hypogastric
and parasympathetic fibers, arising from the second, third
and fourth sacral roots of the spinal cord (pelvic splanchnic
nerves). These fibers then run into the inferior pelvic plexus,
which is the most important deep neural network of the lateral
part of the cervix. The efferent fibers from the pelvic plexus
continue to the rectum (rectal fibers), uterus (uterine fibers),
rectovaginal ligament ventrally (rectal and vaginal fibers), and
finally to the deep VUL. Preservation of the distal part of the
inferior hypogastric plexus keeps postoperative morbidity to a
minimum, particularly the fine bladder branch located in the
deep layer of the VUL lateral and caudal to the ureter.

Butler-Manuel et al (17) quantitatively and qualitatively
assessed the nerve content of the uterine-supporting ligaments
following radical or simple hysterectomy using immunocyto-
chemistry. They reported that more nerve tissues were present
in the USL than in the lateral third of the CL, and more nerve
fibers were present in large trunks in the USL than in the CL.
According to a recent study by Mantzaris et al (18), fewer
nerve fibers were present in the paracervix in specimens from
NSRH than in specimens from standard RH. The results of
the present study are consistent with those reported previously.
Technical details of NSRH using illustrations and step-by-step
instructions were provided by Fujii (8). Injuries to the auto-
nomic pelvic nerves may be encountered particularly during
the following phases: hypogastric nerves during the resection
of the USL; inferior hypogastric plexus during division of
the USL and rectovaginal ligaments; pelvic splanchnic nerve
during the division of the deep uterine vein in the CL; and the
bladder branch from the inferior hypogastric plexus during the
resection of the VUL and the paracolpium.

However, whether the modification of NSRH with respect to
the uterine supporting ligaments threatens radicality remains
to be elucidated. Lymphatic spread is the most important
metastatic pathway of cervical cancer. The removal of para-
metrial tissue has been considered to be of high importance in
the treatment of cervical cancer, since tumors may spread to
this area through direct microscopic extension or tumor embo-
lization from the primary lesion to lymph nodes embedded
in the parametrial tissue (12). The frequency of lymph node
metastases in early-stage cervical cancer has been reported to
be 0% in certain studies and as high as 9.7% in others (19). The
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high-risk factors of lymph node metastases include large tumor
size, cervical stromal invasion to the middle or deep one-third,
as well as parametrial involvement and lymphovascular space
invasion (LVSI) (20-23). Women with tumors <2 c¢m in the
largest diameter, or stromal infiltration less than half of the
stroma, or invasion <10 mm, had a significantly lower risk
regarding involvement of the paracervix and pelvic lymph
nodes. Isolated parametrial metastases without positive pelvic
nodes have been rare (11,24-27). Several studies have shown
that <1% of patients with early cervical cancer with favor-
able pathologic characteristics have parametrial involvement,
and that the final pathologic specimens of ~60% of patients
who underwent radical trachelectomy contained no residual
disease. Wright et al (26) studied 594 patients who underwent
RH. Parametrial involvement was observed in 64 patients
(10.8%) and was associated with advanced grade, deep
cervical stromal invasion, LVSI, large tumor size and lymph
node metastases. In a subgroup of 270 patients with negative
lymph nodes, no LVSI, and tumors <2 cm, the incidence of
parametrial involvement was only 0.4%. Frumovitz et al (12)
reported similar findings in 350 women who underwent
RH. Parametrial involvement was noted in 7.7% of patients.
Patients with favorable pathological characteristics (such as
those previously mentioned) had no parametrial involvement.

Parametrial lymph nodes constitute the first site of extracer-
vical involvement. However, they have been ignored by clinical
pathologists due to their small size and special location. During
1996, Benedetti-Panici er al (27) used a giant sections technique,
in which the three parametria were spread, the entire specimen
including the cervix was processed, and the sections were cut
on the coronal plane. Parametrial nodes were found in 65 (60%)
of the 109 giant sections. The superficial and deep layers of the
VUL, USL and the lateral parametrium revealed the presence
of nodes in 13 (33%), 10 (26%), 2 (5%) and 28 patients (70%),
respectively. This study showed that parametrial nodes and
their metastases were unevenly scattered between the cervix
and the pelvic wall, confirming that paracervical tissue consti-
tutes a major route for the lymphatic spread of cervical cancer.
These findings confirmed that the lymph from the cervix was
drained by three main trunks: the lateral, anterior and posterior.
The lateral trunk runs through the lateral parametrium and is
the main lymphatic drainage from the uterine cervix. In 2000,
another study by the same group confirmed that there were
many lymph nodes in the inner and outer parts of the lateral
parametrium as well as lymphatic vessels, both of which may
be potential metastatic sites (28).

Sentinel lymph node (SLN) mapping allows perioperative
assessment of the condition of the lymph nodes of patients
by using patent blue dye and/or radiocolloid injected into the
cervix on the day prior to and on the day of surgery. Plentl
and Friedman (29) described a typical pattern of lymphatic
drainage from the cervix to regional lymph nodes. According
to this pattern, the parametrial node is the first draining node
in cervical cancer, although it is too close to the cervix to be
detected. In previous studies, the most common SLN site was
in the topography of the superficial obturator (30,31), while
parametrial lymph nodes were rarely found. Ercoli et al (32)
used open macroscopic or laparoscopic pelvic dissections in
fresh adult female cadavers following lymphatic channel and
node staining with Lipiodol dye solution injected into the
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uterine cervix. Stained lymphatic structures were observed
into the lateral parametrium, but not in VULs and USLs.
The present study confirmed that there are lymphatic chan-
nels lateral, anterior and posterior to the normal cervix. The
lymphatic vessels were dispersed in the CLs, scattered in the
cervical side of USLs, and occasionally distributed in the
VULs. There were few lymphatic tissues in the supporting
ligaments of the normal cervix.

In the present study, four lymph nodes were identified in
three of nine cadaver specimens; the frequency is lower than
that reported by Benedetti-Panici et al (27). This discrepancy
has several potential explanations. Firstly, our specimens were
restricted to the supporting ligaments of the cervix and did
not include the extensive parametrium, where lymphatic tissue
may be abundantly found. Moreover, a classical morphological
study (33) was specifically conducted on the cadavers of
newborn infants and children in their first years of life due
to the particular abundance of lymphoreticular tissue, which
is known to become atrophic with age, while the present
study was conducted on the cadavers of old women. It may
be hypothesized that the existence of lymph nodes should be
considered an exception rather than a rule. Finally, our findings
are hardly comparable to those by Benedetti-Panici et al (27),
since this earlier study was performed on surgical specimens
from cervical cancer patients, while the present study was
performed on subjects without evidence of cervical cancer.
Further studies are required to gain a better understanding of
the anatomy and pathology of the paracervix and pelvic lymph
nodes of cervical cancer patients.

In our opinion, there are few lymphatic tissues in the
supporting ligaments of the cervix. Comparing the locations
of the lymph nodes with those of the nerve components,
indicates that the extent of radicality, including CLs, VULs
and USLs, is not affected by the preservation of the auto-
nomic nerves. Observational and comparative clinical data
have also shown that there is no difference in the local
recurrence rate, disease-free and overall survival following
NSRH and conventional techniques (10,11). Moreover, with
the development of robotic radical techniques, a laparoscopic
NSRH may minimize the impairment of radicality by precise
neurovascular dissection using the magnified laparoscopic
view, direct access with the tip of the laparoscope and the
laparoscopic instruments to the deep pelvic structures, and
by securing a clear resection margin during the dissection of
the deep part of the CLs, USLs, and the posterior leaf of the
VULs (34).

In conclusion, NSRH is a safe and feasible method, which
does not compromise radicality, and may be considered as the
standard treatment for early-stage cervical cancer.
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