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Abstract
Damage to the autonomic nerves during radical hysterectomy is a major cause of 
postoperative bladder dysfunction. Japanese gynecologists established nerve-
sparing radical hysterectomy in 1961. Although a reduction of voiding dysfunc-
tion was observed, it was a problem of compromising radicality. Based on our 
anatomical study, we showed that there was the possibility of improving its radi-
cality by correcting the concept of nerve topography that leads to over-
preservation of the cardinal ligament. We devised a new method of nerve-sparing 
radical hysterectomy with more extensive and deeper dissection of the cardinal 
ligament. Moreover, we focused on the ureterohypogastric fascia including the 
ureter and autonomic nerves. This fascia serves as an index during surgery of 
nerve-sparing technique. Our operative method of nerve-sparing radical hyster-
ectomy consists of four points as follows:

	1.	The ureterohypogastric fascia including the ureter is separated from the pos-
terior leaf of the broad ligament, and then the hypogastric nerves running 
along the rectum within the ureterohypogastric fascia are identified.

	2.	The cardinal ligaments above the middle rectal artery are dissected to raise 
radicality at pelvic sidewall.

	3.	For complete preservation of the pelvic plexus, the medial stump of the cardi-
nal ligament is mobilized ventrally above the hypogastric nerve before the 
dissection of the uterosacral and rectovaginal ligaments.

	4.	To maximize preservation of bladder branches, rectovaginal ligaments are 
clamped with right angle forceps.
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7.1	 �History

Abdominal radical hysterectomy was developed by Wertheim in 1912 [1]. But for 
its high mortality, radiation therapy became the favored approach in the early twen-
tieth century. Meigs made the surgical approach focus again with modification of 
Wertheim operation with removal of all pelvic nodes [2]. In Japan, Radium was 
hard to obtain. So Okabayashi made a different improvement from Meigs with 
wider resection of surrounding tissues of primary lesion and completed Okabayashi 
radical hysterectomy [3].

Although the treatment outcome was improved, the pelvic nerve plexus was cut, 
so that postoperative urinary voiding dysfunction occurred frequently. Autonomic 
nerve damage during surgery was thought to play a crucial role in the etiology of 
bladder dysfunction, sexual dysfunction, and colorectal motility disorders that are 
seen in patients after radical hysterectomy [4]. Bladder dysfunction is present in 
70–85% of patients for up to 12 months postoperatively, including urinary or anal 
incontinence or retention [4]. In order to prevent these complications, Japanese 
gynecologists introduced a surgical technique with preservation of the pelvic auto-
nomic nerves in 1961 [5]. The most important concept of nerve-sparing radical 
hysterectomy is that the cardinal ligament is divided into two parts as shown in  
Fig. A. The superficial vascular part is dissected, while the deep neural part that 
contains the pelvic splanchnic nerves is preserved in non-touch status [6]. Thereafter 
Japanese doctors had learned and modified this procedure. In the twentieth century, 
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Fig. A  Nerve-sparing radical hysterectomy. During nerve-sparing radical hysterectomy, the cardi-
nal ligament is divided into two parts. The superficial vascular part is dissected, while the deep 
neural part that contains the pelvic splanchnic nerves is preserved in non-touch status
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there were few articles reported in English [6, 7]. It is only recently that nerve-
sparing radical hysterectomy has been introduced to Western [8] as well as to Asian 
countries [9]. As the postoperative QOL was noted, studies on precise neuroana-
tomical studies [4, 10] as well as the technique of nerve-sparing radical hysterec-
tomy were reported [11]. Nowadays the concept of preservation of autonomic 
nerves during radical hysterectomy has become standard in many gynecological 
cancer centers in the world [12].

7.2	 �Principle and Indication

7.2.1	 �Neural Control of the Lower Urinary Tract

Pelvic organ function is organized by both central and peripheral nerve system. For 
instance, the lower urinary tract is innervated by three sets of peripheral nerves 
involving the parasympathetic, sympathetic, and somatic nervous systems: pelvic 
parasympathetic nerves arise at the sacral level of the spinal cord, excite the bladder, 
and relax the urethra. Lumbar sympathetic nerves inhibit the bladder body and 
excite the bladder base and urethra. Pudendal nerves excite the external urethral 
sphincter. These nerves contain afferent sensory as well as efferent motor axons.

7.2.2	 �Running of the Autonomic Nerves

These autonomic nerves are running and distributed by cadaver study as shown in 
Fig. 7.1. These autonomic nerves related to bladder function can be dissected during 
the different phases of radical hysterectomy (Fig. 7.2). The hypogastric nerves were 
cut when the sacral uterine ligaments were cut, the pelvic splanchnic nerves were 
cut when the cardinal ligaments were cut, the pelvic plexus and the bladder branches 
were damaged during dissection of the recto-vaginal ligaments, the bladder branches 
were injured by disseciton of vesicouterine ligaments.
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Fig. 7.1  Distribution of 
the left side of autonomic 
nerves from medial view 
by cadaver dissection. UR 
ureter, Vag vagina, UB 
urinary bladder, HGN 
hypogastric nerve, PSN 
pelvic splanchnic nerve
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7.2.3	 �Principal of Autonomic Nerves During Radical 
Hysterectomy

A level of nerve preservation is classified into four levels: non-touch, exposure, 
partial preservation, and dissection. From a point of view on nerve preservation, 
non-touch preservation provides high quality of life. Simple and modified radical 
hysterectomy can archive non-touch preservation of autonomic nerves; however, 
they compromise radicality for invasive cervical cancer. To achieve a good balance 
between radicality and retaining pelvic function, we conducted to perform exposure 
or partial preservation of these autonomic nerves.

7.2.4	 �Indication

7.2.4.1	 �Indication
The most common indication for radical hysterectomy is early-stage invasive cancer 
of the cervix, FIGO stage IB1–IIA2. The cancer of the endometrium FIGO stage II 
or that of upper vagina is also an indication for radical hysterectomy. In Japan, radi-
cal hysterectomy is performed according to Okabayashi’s method which removes 
paracolpium widely than Meigs’ method. Therefore, the cancer of cervix stage IIB 
has been included in an indication for Okabayashi’s radical hysterectomy.
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• Hypogastric nerves 

• sympathetic
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• parasympathetic

• Pelvic plexus

• bladder branches

Fig. 7.2  Autonomic nerves related to voiding function. These autonomic nerves can be dissected 
during the different phases of radical hysterectomy
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7.2.4.2	 �Differences Between the Two Techniques  
(Meigs vs. Okabayashi)

After dissecting of the anterior layer of the vesicouterine ligament, the paracolpium 
and the posterior layer of the vesicouterine ligament were clamped by long forceps 
together and cut and ligated by the procedure of Meigs’ radical hysterectomy. In 
contrast, by the procedure of Okabayashi’s radical hysterectomy, the paracolpium 
was separated from the posterior layer of the vesicouterine ligament [3, 13]. This 
separation can lead to dissect the bladder thoroughly and resect the paracolpium and 
vagina wider and longer. Due to the higher local control, Okabayashi radical hyster-
ectomy have been performed even in stage IIB cervical cancer in Japan.

7.3	 �Preoperative Evaluation

7.3.1	 �Physical Examination

The physical examination should evaluate the primary lesion and potential sites of 
metastatic nodes, such as the left supraclavicular fossa and groin. Inspection by 
naked eye or colposcope of the distal vagina and ectocervix is warranted to deter-
mine stage II diseases. The presence of parametrial extension is particularly impor-
tant for determining the clinical stage and treatment modality by rectal examination. 
The shortening of fornix of the vagina indicates the invasion into the muscle of the 
vagina nevertheless the intact mucosa of the vagina. With this finding, the pTNM 
classification is likely to be pT2BN0, 1 M0.

7.3.2	 �CT Scan

Computed tomography (CT) scanning has been widely used in the preoperative 
evaluation of significant lymphadenopathy.

CT findings may provide delineating anatomic variances that alter surgical man-
agement, such as ureteral duplication or the presence of a duplicate of infra vena 
cava. Three-dimensional CT angiography may be helpful in identifying these vari-
ances. CT scanning and MRI are equally accurate (~84%) in detecting para-aortic 
metastasis [14].

7.3.3	 �MR Imaging

MRI is essential for evaluating the tumor, because MRI can discriminate tumor-
containing tissue from non-tumor-containing tissue. Preoperative evaluation 
includes the size and shape of the primary tumor, depth of stromal invasion, and 
vaginal or parametrial extension as well as nodal involvement [15, 16].
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7.4	 �Technique

7.4.1	 �Extended Nerve-Sparing Radical Hysterectomy

Based on the previous anatomical study, we showed that there was the possibility of 
improving its radicality by correcting the concept of nerve anatomy that leads to 
over-preservation of the cardinal ligament [10, 17]. Therefore, we devised a new 
method of nerve-sparing radical hysterectomy more extensive and deeper dissection 
of the cardinal ligament to increase radicality [18].

7.4.2	 �Procedures

Each step of our procedures is noted as follows.

7.4.2.1	 �Opening of Retroperitoneal Spaces
The round ligament is divided, and the broad ligament is opened to expose the retroperi-
toneal structure including the ureter and ovarian vessels attached to the medial aspect.

7.4.2.2	 �Identification of the Hypogastric Nerves During 
the Development of the Pararectal Space

Developing the pararectal space between the ureter and the internal iliac vessels, the 
hypogastric nerves (HGN) running along the rectum are to be identified. The ureter 
is separated from the retroperitoneum, and this tissue plane is kept facing down-
ward. The ureter should not be free from the posterior layer of the broad ligament. 
HGN are found to be running in parallel under 3–4 cm of the ureter. The ureter and 
the hypogastric nerve are covered with the same fascia. It is important to keep the 
peeling layer until the hypogastric nerve can be seen without scooping only the 
ureter. This tissue plane is corresponded to the ureterohypogastric fascia (UHF), 
which includes the HGN and the pelvic plexus (Fig. 7.3).

7.4.2.3	 �Developing the Vesicouterine Spaces
Sharp dissection of bladder peritoneum is employed to create vesicouterine spaces. 
The bladder is separated from the anterior cervix with dissecting correct tissue plane.

7.4.2.4	 �Pelvic Lymphadenectomy
The systemic pelvic lymphadenectomy is started from the center height of the com-
mon iliac vessels. The dissection of the external and internal iliac vessel continues 
caudally until the deep circumflex vein. Great care need to preserve the obturator 
nerve and vessels.

7.4.2.5	 �Preserving the Pelvic Splanchnic Nerves During Dividing 
of the Cardinal Ligament

The uterine artery is ligated close to its origin at the internal iliac artery. The cardi-
nal ligament (CL) is identified with developing both of the paravesical and 
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pararectal spaces. According to the original procedure of nerve-sparing radical hys-
terectomy [5, 6], the CL is divided into two parts. The superficial vascular part is 
dissected, while the deep neural part that contains the PSN is preserved. Because the 
surgical margin of the CL might compromise radicality, the indication of this 
method is limited to cervical cancer with early stage. In order to raise radicality of 
nerve-sparing radical hysterectomy, we demonstrated that the pelvic splanchnic 
nerves (PSN) arise from the dorsomedial portion of the neural part of the CL, based 
on operative findings as well as fresh cadaver studies [10].

In order to increase the margin, the CL is dissected immediately above the 
middle rectal artery as close as possible to the pelvic sidewall. The PSN originat-
ing from S3 run to the pelvic plexus dorsal to the middle rectal artery. Deeply 
putting retractors in the paravesical space and pararectal space, the cardinial liga-
ment is strained. As the connective tissue on the dorsal side of the deep uterine 
vein is incised, middle rectal artery is identified. The landmark of middle rectal 
artery are vessels that run under 1–2 cm of the deep uterine vein and pierce the 
pelvic plexus.

Fig. 7.3  Separation of the ureter hypogastric fascia. This fascia on the dorsal side of the ureter is 
thin and easy to break. It is gentle with formalin fixation, but it is difficult with actual surgery. This 
tissue plane is corresponded to the ureter hypogastric fascia, which includes the hypogastric nerve 
(HGN) and the pelvic plexus (PP)
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7.4.2.6	 �Developing the Rectovaginal Space
The ureter is further separated from the posterior layer of the broad ligament to 
clarify the entrance of ureteric tunnel, and the broad ligament is incised. Connecting 
both ends, the peritoneum of cul-de-sac is incised. As the rectum is being pulled 
cranially with gauze, the rectovaginal space is developed.

7.4.2.7	 �Dissection of the Anterior Layer of Vesicouterine Ligaments 
(VUL) with Keeping the Ureterohypogastric Fascia (UHF)

The ureteral tunnel is deroofed, allowing exposure of the uterus. The uterine artery 
is ligated close to its origin at the internal iliac artery. Keeping the ureterohypogas-
tric fascia (UHF) is important to avoid bleeding during dissection of the anterior 
layer of vesicouterine ligament. Division of the cervicovesical vessels leads to roll 
the ureter downward and laterally. The bladder is further dissected caudally to 
expose the paracolpium.

7.4.2.8	 �Incision of the UHF
The UHF is incised at midline between the ureter and HGN. Then the medial stump 
of the cardinal ligaments is re-clamped from the inside of the UHF. So far, the UHF 
is maintained as an index where autonomic nerves are located.

7.4.2.9	 �Preserving the Pelvic Plexus During Dissection 
of the Uterosacral Ligaments

The UHF is incised at midline between the HGN and the ureter. The HGN entered 
the pelvic plexus at the anterosuperior corner. Deep uterine vein is located below the 
HGN. The HGN and the pelvic plexus were frequently damaged during dissection 
of the uterosacral ligaments (USL). To diminish these nerve injuries, the medial 
stump of the CL should be fully mobilized above the HGN before dissecting the 
USL (Fig.  7.4). In the case of the tumor with deep myometrial or parametrial 

Hypogastric
nerves

Fig. 7.4  Mobilization of the visceral stump of the cardinal ligament. For total preservation of the 
pelvic plexus, this stump should be mobilized ventrally above the hypogastric nerves before dis-
section of the uterosacral and rectovaginal ligaments
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invasion, we dissect the USL just below the medial stump of the CL. Then dorsal 
area of the pelvic plexus is preserved.

7.4.2.10	 �Preserving the Bladder Branches During the Dissection 
of the Rectovaginal Ligaments

The ventral half of bladder branches to the ureter are more likely to be injured in 
dissection of the posterior leaf of the vesicouterine ligaments for wide resection of 
the paracolpium and the vagina. In order to maximize preservation of the dorsal half 
of bladder branches, the rectovaginal ligaments should be clamped using right angle 
forceps so as not to involve them.

7.4.2.11	 �Dissection of the Posterior Layer of Vesicouterine 
Ligaments

Further rolling the ureter allows the clearance of the boundary between the posterior 
layer of the vesicouterine ligaments and the paracolpium. Forceps are inserted into 
this boundary.

7.4.2.12	 �Dividing the Paracolpium and the Vagina
Separating the paracolpium from the posterior layer of the vesicouterine liga-
ment to extend the resection field of the paracolpium is an original point of 
Okabayashi’s hysterectomy [3, 13]. This procedure allows us wider and longer 
resection of the paracolpium and vagina. Then the paracolpium is divided by 
two steps. The specimen is removed by dividing the vagina. The vagina vault is 
closed with a Z-figure suture Fig. 7.5 and 7.6.

7.4.2.13	 �The Level of Preservation of Autonomic Nerves After 
Nerve-Sparing Radical Hysterectomy

Dissection line of autonomic nerves by our procedures is indicated by a red line in 
Fig. 7.7. According to our method, the HGN are found to be preserved in exposure, 

Fig. 7.5  Rolling the ureter. The top of electric cautery indicates the boundary between the para-
colpium and the posterior layer of the vesicouterine ligaments
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Fig. 7.6  Division of the posterior layer of the vesicouterine ligaments. The forceps are inserted into 
this boundary and the posterior layer of the vesicouterine ligaments is divided. 1 Ureter, 2 posterior 
layer of the vesicouterine ligaments, 3 paracolpium, 4 medial stump of the cardinal ligaments

a

b

Fig. 7.7  (a) Red line indicates the cutting line of total preservation of pelvic plexus and hypogastric 
nerves and dorsal half preservation of vesical branches. 1 Hypogastric nerves, 2 pelvic splanchnic 
nerves (S2–4), 3 pelvic plexus, 4 vesical branches. (b) Completion of nerve-sparing RH. Hypogastric 
nerve and bladder branches are found to be preserved. 1 Bladder branches, 2 pelvic plexus, 3 pelvic 
splanchnic nerves, 4 hypogastric nerves, 5 internal iliac artery, 6 external iliac artery, 7 ureter

T. Kato
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Method HGN PSN P Plexus
bladder
braches

PVR<50m
L

Simple Hx <5POD

class II RH 7-16POD

class III RH (S2,3,4) CIC: 10%

Nerve-sparing ARH
(Tokyo) (S2,3,4) 18POD

Extended NS ARH
(S2) (S3,4)   18POD

NS ARH (partial) (S2) (S3,4) 24POD

non-touch preservation

exposure preservation

partial preservation

(total)

dissection

Table 7.1  Bladder function recovery

This table summarizes a degree of preservation of each autonomic nerves according to procedure 
of hysterectomy
Needles to say, preservation of bladder branches is important
This concept is also shown in this figure

the PSN in non-touch or exposure, pelvic plexus in exposure or partial, and bladder 
branches in partial preservation. The difference of dissection line between radical 
hysterectomy and nerve-sparing radical hysterectomy is also shown in Fig. 7.7.

7.5	 �Morbidity

7.5.1	 �Five-Year Overall Survival

FIGO annual reported showed that 5-year overall survival of 3010 patients with 
cervical cancer stage IB1 was 89.1% [19]. In contrast, Japanese study demon-
strated that a 5-year OS was 93.3% [20]. The difference could be explained by 
the wider resection of the paracolpium according to Okabayashi’s procedure.

7.5.2	 �Postoperative Complication

The major postoperative complication of radical hysterectomy is the bladder dys-
function due to damage of autonomic nerves in the pelvis. Bladder function recov-
ery by procedure of hysterectomy is shown in Table 7.1 [18]. The degree of nerve 
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preservation is divided into four levels such as non-touch, exposure, partial, and 
non-preserved.

7.6	 �Future Prospect

A growing literature supports (robot-assisted) laparoscopic radical hysterectomy in 
early-stage cervical cancer. One review shows that robot-assisted radical hysterec-
tomy is associated with minimal blood loss, a shortened hospital stay, and few oper-
ative complications [21].

Even when these minimally invasive surgeries are widespread, locally advanced 
tumors such as stages IB2, IIA2, and IIB, especially adenocarcinoma, will continue 
to be indicated for abdominal radical hysterectomy. The abdominal approach is the 
basis of radical hysterectomy, and we need to master it (Fig. 7.8).
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