
Introduction

Radical hysterectomy is one of the most important pro-

cedures for cervical cancer treatment [1]. Currently, many

techniques are used for radical hysterectomy, such as ab-

dominal radical hysterectomy (ARH), with and without

nerve sparing, laparoscopic-assisted radical vaginal hys-

terectomy (LARVH), total laparoscopic radical hysterec-

tomy (TLRH), and robotic radical hysterectomy [2].

Although these procedures have advantages and disadvan-

tages, most surgeons agree that LARVH is the most ideal

because it combines the advantages of both vaginal and la-

paroscopic approaches [3].

LARVH is composed of both laparoscopic lymphadenec-

tomy and vaginal radical hysterectomy (VRH). The classic

VRH, also known as Schauta operation [4], was first de-

scribed by Schauta at the turn of the 20th century. However,

VRH did not gain wide acceptance because of the fatal de-

fects in its inability to resect the lymph node simultaneously.

In the 1980s, the development of laparoscopic techniques

in pelvic lymph node resection revived the vaginal surgical

approaches for cervical cancer treatment [5]. Considerable

research has shown that, compared with classic abdominal

approach, VRH not only has the same safety and efficacy

but also has more advantages in vaginal excision manage-

ment in patients with morbid obesity or physical complica-

tions, as well as shorter hospitalisation, among others [6-8].

However, VRH is performed through the natural channel of

the body, and its major difficulty is operative field exposure.

VRH is also associated with high risk for urologic compli-

cations [9]. These limitations have greatly restricted the ap-

plication of VRH in clinical settings and are continuously

modified through the years.

In the current study, the authors elaborated the VRH

modifications. That is, they modified the critical procedures

and special equipment to resolve the problem of operative

field exposure and avoid urologic complications. The pres-

ent centre has performed transvaginal operations since

1990 and has developed a series of modified techniques for

non-prolapsed uterus. Nearly 20,000 transvaginal uterine

operations have been performed in this centre in the past

two decades. Since 2004, the authors have developed a

modified VRH technique and designed a series of surgical

instruments especially for this procedure. These technique

and instruments have been proven helpful.

Materials and Methods

Patients
Between March 2004 and December 2011, a total of 86 women

presenting with early cervical cancer at Stages IB1 to IIA1 ac-

cording to the International Federation of Gynaecology and Ob-
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stetrics (FIGO) underwent modified LARVH in the present cen-

tre (Table 1). A total of 84 patients had follow-up visit until March

2013. Data were collected on operating time, pre-, post-, and intra-

operative blood loss, nodal count, hospital stay, complication rate,

intra- and post-operative complications, and recurrence of dis-

ease. This study was conducted with approval from the Ethics

Committee of our hospital. Written informed consent was ob-

tained from all participants.

Special instruments for VRH
To overcome the limitation of operative field exposure in trans-

vaginal operations, a series of special instruments for VRH was

developed, namely, paravesical space retractor (Figure 1A), vesic-

ocervical space retractor (Figure 1B), vesicocervical ligament re-

tractor (Figure 1C), cervical depressor (Figure 1D), cervical heavy

hammer (Figure 1E), and ureteral illuminating catheter (Figure

1F). These instruments are particularly helpful in the critical steps,

such as gap separation and ureter knee identification.

Surgical technique
The critical modifications of the procedure are described as fol-

lows.

Laparoscopic lymphadenectomy
Firstly, the ureteral illuminating catheter was placed into the bi-

lateral ureter with a cystoscope after the effect of the anaesthesia was

achieved. Secondly, laparoscopic pelvic lymphadenectomy was per-

formed according to the protocol introduced by Querleu et al.[6].

Fifteen patients had para-aortic lymph node sampling as their stages

were advanced (11 cases at IB2) or as the pelvic lymph node tested

positive (four cases). After lymphadenectomy, the uterine artery

lying across the ureter was coagulated and cut off. Finally, the oper-

ation proceeded to the VRH procedure.

Modified VRH
Vaginal cuff creation
After the side wall of the vagina was pushed away using the vagi-

nal wall depressor, the adequate length of the vagina requiring exci-

sion was determined according to tumour size and then grasped

using six clamps (Figure 2A). A diluted solution of epinephrine was

injected under the vaginal mucosa. Then, a vaginal wall incision was

performed around the cervix distally to the clamps. The anterior,

posterior, and side part of the vaginal mucosa were mobilised in the

direction of the cervix, thus creating the vaginal cuff that was stitched

Table 1. — Age, BMI, parity, clinical FIGO stage, and his-
tological types.

LARVH

Median age (range) 49.1 (34-66)

Median BMI (range) 23.8 (19.2-28.6)

Parity 2.2 (0-6)

Ib 68

IIa1 18

Squamous 73

Adenocarcinoma 11

Other 2

Figure 1. — Special Instruments for VRH: A) paravesial space retractor; B) vesicocervical space retractor; C) vesicocervical ligament

retractor; D) cevical despressor; E) cervical heavy hammer; F) illuminant ureteral catheter.
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Figure 2. — Main proce-

dures of the authors’ mod-

ified VRH: A) confirmed

the length of the vagina re-

quiring excision and then

grasped with clamps; B)

creation of the vaginal

cuff; C) the vaginal cuff is

hung with the cervical

heavy hammer; D) blunt

dissection of the vesico-

uterine space; E) blunt dis-

section of the rectal-

uterine space; F) coagula-

tion and cut-off of the left

paracolpium; G) separa-

tion of the right para-vesi-

cal space; H) exposure of

the vesicocervical liga-

ment (a. paravesical space

retractor b. vesicocervical

space retractor c. vesico-

cervical ligament retrac-

tor); I) facilitation of the

sectioning of external and

internal side; J) penetra-

tion of a small rubber tube

and below it the right

ureter; K) exposure of the

right uterine artery located

under the ureter; L) coagu-

lation and dissection of the

descending part of the

uterosacral ligament; M)

Close as possible to the

pelvic sidewall  to dissect

the cardinal ligaments and

parametrium tissue; N)

pulling of the uterine fun-

dus downward, clamped,

and cutting of the sagittal

part of uterosacral liga-

ments; O) closure of the

vaginal stump and peri-

toneum.
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hermetically with 7-0 sutures (Figure 2B). All sutures were tied to-

gether and hung with the cervical heavy hammer (Figure 2C). This

instrument provides great strength for pulling down the uterus with-

out crushing the cervix and helps prevent spillage of the cancer cells.

No Schuchardt incision was required in these operations.

Vesico-uterine space and rectal-uterine space opening
Tissues attaching the bladder to the cervix and those attached to

the rectum to the cervix were sectioned bluntly using curved scissors

in the vicinity of the cervix until the vesico-uterine and rectal-uter-

ine spaces were opened (Figures 2D and 2E). The spaces were then

bluntly expanded by fingers to push up the bladder and push down

the rectum.

Paracolpium dissection 
The vaginal cuff was pulled to the top left to tighten the right para-

colpium and then coagulated. The right paracolpium was cut off

using a biclamp. The same procedure was performed on the left side

(Figure 2F). The excision of the paracolpium from the vagina in

VRH is much easier than that in ARH or TLRH.

Para-vesical space opening and ureter identification
The vagina mucosa was clamped at the 11  and 9 o’clock positions

on the right side and was pulled using surgical scissors to open the

para-vesical space, which has been prepared at the end of laparo-

scopic lymphadenectomy (Figure 2G). With special retractors placed

in the previously dissected spaces, the vesicocervical ligament lying

between two retractors was completely exposed (Figure 2H). The

ligament was stretched using the “Y”-type vesicocervical ligament

retractor placed beneath to facilitate the sections of the external and

internal sides of the bladder pillar lobes (Figure 2I). Under the guid-

ance of the previously placed ureteral illuminating catheter, the ureter

knee was easily visualised and dissected. A small rubber tube below

this instrument was penetrated to facilitate identification and to pre-

vent ureteral damage (Figure 2J). In the current study, all patients

underwent Piver III-type radical hysterectomy, in which the cutting

off of both the external side and the internal side of the bladder pil-

lars was required to dislocate the ureter completely from its bed.

Uterine artery management
The process that exposes the ureter also helps the visualisation of

the uterine artery, which is located under the ureter (Figure 2K). The

uterine artery is usually cut off in the laparoscopic procedure. How-

ever, it had to be pulled down in the current study.

Pararectal space opening, uterosacral, and cardinal ligament re-
section

As the pararectal space was developed, the descending part of the

uterosacral ligament was coagulated and dissected (Figure 2L). The

cervix was pushed to the opposite side by cervical depressor to

stretch the cardinal ligaments and parametrium. Once identified,

these parts were clamped, severed, and tied as close to the pelvic

sidewall as possible (Figure 2M).

Anterior and posterior peritoneal reflex and accessory
The anterior and posterior peritoneal reflexes were opened, the

uterine fundus was pulled downward and clamped, and the sagittal

part of the uterosacral ligaments was cut (Figure 2N). In the laparo-

scopic procedure, the utero-ovarian ligaments were sectioned and

ligated to reserve the accessories. Otherwise, salpingo-oophorec-

tomy was carried out by ligating and sectioning the infundibu-

lopelvic ligaments. Finally, the specimen was extracted. 

Closure of vaginal stump and peritoneum
The anterior and posterior vaginal mucosa and peritoneum were

closed continuously with sutures (Figure 2O).

Postoperative course
Finally, a rubber tube was set transvaginally for drainage, and

iodophor gauzes were packed in the vagina for 24 hours. Foley

catheter retention in the bladder was set for seven to 12 days.

Data collection and follow-up
Data were collected retrospectively from files and followed up.

Operating time included the time for laparoscopic operation. If the

final pathological reports indicated the invasion beyond the cervix

or the presence of two or more proofs hinting at poor prognosis

(e.g., poorly differentiated tumour adjacent to the margins or the

invasion of lymphatic/vascular vessel) or the presence of nodal

metastases, adjuvant radiotherapy or chemo-radiation would be

strongly suggested. All patients underwent cytologic, vagino-recto-

abdominal, and pelvic imageological examinations every month for

the first three months after the operation, followed by every three

months later thereafter. The follow-up lasted for 15 to 108 months.

Results

All patients underwent modified LARVH successfully

without conversion to laparotomy. The average range of

vaginal excision was 3.25 ± 0.16 cm, and the average

length of the excised parametrium and the uterosacral-car-

dinal ligament was 3.61 ± 0.22 cm. All specimens met the

standards for radical resection. None of the cases were tu-

mour positive on the specimen margins.

Operation data
From 2004 to 2011, the operating time continuously de-

creased. The nodal count was determined based on histo-

logical assessment. Intraoperative blood loss was evaluated

by volume method. The recovery time for automatic urine

indicated that the patients’ residual volume of urine was less

than 100 ml. The operating time, intraoperative blood loss,

nodal count, and hospital stay are listed in Table 2.

Table 3 shows the intraoperative and postoperative com-

plications. Except for one case of left internal iliac vein in-

jury, no major intraoperative complications occurred,

particularly no bladder and ureter injury. The left internal

iliac vein was injured during laparoscopic pelvic lym-

phadenectomy and was immediately repaired.

One case of deep vein thrombosis occurred six days after

the operation. Under prompt diagnosis and effective treatment,

this case had a good outcome. Urinary retention, according to

Table 2. — Blood loss, nodal count, operating time, and
hospital stay.

Modified LAVRH

Operating time (minutes) 238 (180-312)

Blood loss (ml) 283 (200-510)

Median time for the separation of ureter (minutes) 18.5 (14-31)

Median time to postoperative exhaustion (hrs) 23 (18-36)

Median time to urine recovery (days) 10.3 (7-28)

Median hospital stays 9.2 (7-15)

Median Nodal count (range) 23.2 (15-31)
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the criteria of FIGO 1995, refers to the inability to empty the

bladder or residual volume of urine of more than 100 ml 14

days after an operation. In the current study, bladder dysfunc-

tion was one of the most common postoperative complica-

tions. The automatic urine recovery time was longer than that

of other reports, and it could be associated with the more thor-

ough transvaginal separation of the ureter. Seven cases of post-

operative morbidity and one case of lymphocyst problem had

favourable prognosis. No urogenital fistula occurred.

Survival and outcome
Median follow-up was 46 months (15 to 108 months). Two

patients were lost in the follow-up. The total recurrence rate

in the entire cohort was 3.57% (3/84). All recurrences oc-

curred in the pelvis and received adjuvant chemo-radiation,

but two patients died. Three and four patients were recom-

mended to undergo postoperative adjuvant radio-chemother-

apy as their final histological results revealed Stage IIB and

lymph node positive, respectively (Table 4). The reasons for

radiotherapy were lymph vascular space invasion in three

patients, adenocarcinoma in two, and deep stromal invasion

in three others.

Discussion

This study mainly focused on improving the technology

and instruments for VRH, as well as providing data to

demonstrate VRH as an effective operation for early cervi-

cal cancer treatment. Previous reports have evaluated the

validity of LARVH; however, most studies emphasised on

operation quality, operation procedure or equipment and did

not give full accounts [10-15]. VRH combined with laparo-

scopic lymphadenectomy is a safe and effective surgical al-

ternative for early-stage cervical cancer patients. VRH has

more advantages than ARH in terms of blood loss, hospital

stay, cosmetic result, and oncologic prognosis. TLRH is also

a safe and effective therapeutic procedure for early stage

cervical cancer management because it is characterised by

low blood loss and short bowel recovery time. The limita-

tion of TLRH is its difficulty to adequately resect the vagi-

nal cuff according to tumour size, potentially leading to

tumour spillage after opening the vagina, and higher stump

recurrence [9].

Compared with other radical hysterectomies, VRH offers

many distinct advantages [16]. VRH is a simple, safe, and

rapid procedure if performed by a well-trained doctor.

Moreover, this procedure is applicable to patients with a

poor medical condition or those with morbid obesity. VRH

also easily manages the extent of vaginal excision. It has

low incidence of intraoperative and postoperative compli-

cations, as well as quick postoperative bladder and rectal

function recovery. These advantages of VRH should be as-

sessed carefully when surgical approach is a choice. How-

ever, unlike in other surgical methods, deficiencies are

often found in VRH regarding operative field exposure

(episiotomy is usually necessary) and critical procedures,

such as gap separation and ureter knee dissection [17]. The

learning curve of VRH may be longer than that of other sur-

gical methods [18]. To date, only a few hospitals can per-

form VRH in China and even worldwide. Gynaecologists

have been widely concerned about how to make the

LARVH more applicable, safer, and easier to learn.

VRH modifications
Firstly, the modification to VRH is the application of an

illuminating catheter designed by the authors. The ureteral

illuminating catheter contributed greatly in the critical oper-

ative procedure (separation of the ureter knee). Prior to VRH

operation, the illuminating catheter was inserted into the bi-

lateral ureter under a cystoscope. The catheter shines when

switched on, and it enables the easy location of the ureter

during the operation. The ureter can also be explored by

touching the ureteral illuminating catheter to effectively re-

duce the risk of ureteral injury. LARVH was previously as-

sociated with a higher rate of intra- and postoperative

urologic complications than ARH or TLRH because of the

difficulty in ureteral dissection [9]. In the current study, the

average time for ureter separation was only 18 ± 5 minutes,

and no ureter or urinary bladder injury occurred. These find-

ings adequately proved the superiority of VRH. The results

also showed that the average range of vaginal excision was

3.25 ± 0.16 cm, and the average length of the excised para-

metrium was 3.61 ± 0.22 cm. Therefore, the visualisation of

the ureteral catheter in VRH is beneficial to remove enough

parametrium to meet the radical resection requirement.

Table 3. — Intraoperative and postoperative complications
Intraoperative complications

Bladder trauma 0

Ureteral injury 0

Damage of bowel 0

Damage of great vessel 1

Postoperative early complication (occurring within two months)

Bladder dysfunction (urinary retention) 9

Postoperative morbidity (>38 °C) 7

Poor healing of vaginal stump 0

Lymphocyst 1

Urogenital fistula 0

Deep vein thrombosis (DVT) 1

Obturator nerve injury 0

Table 4. — Follow up data and adjuvant treatment.
Total number followed 84

Median during of follow up (months) 46 (15-108)

Patients receiving adjuvant radiotherapy 8

Patients receiving adjuvant chemo-radiation 10

Mean survival time (months) 89

Overall survival rate 97.62% (82/84)

Recurrence rate 3.57% (3/84)
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Secondly, the special instruments for VRH improved the op-

erative field exposure and lessened the difficulty in the critical

procedure. To date, no similar instruments have been reported.

The steps in separating the paravesical spaces are designed for

VRH. For example, when the vesicocervical ligament is ex-

posed, the vesicocervical space retractor is designed to expose

the vesicocervical space, and the paravesical space retractor

helps to dissect the paravesical space. The vesicocervical lig-

ament lies between the two retractors. The vesicocervical lig-

ament retractor is designed to press the cervix downward and

to have a double-leaf component to hold and stretch the vesic-

ocervical ligament to easily locate the ureter. The cervical de-

pressor also has a double leaf structure to hold the cardinal

ligament, and it is used to push the cervix to the opposite side

to stretch the cardinal ligament and parametrial tissues. The

cervical heavy hammer is designed to provide gravitational

pulling power. Although these devices are simple and inex-

pensive, they greatly assist in critical procedures, such as the

dissection of cardinal ligament, parametrium tissues, and

ureter. In the current study, all cases had adequate excision of

parametrium, and the outcome was satisfactory.

Thirdly, the ureter was lifted using a flexible rubber hose

after the ureter was separated. This process avoided ureteral

injury. The ureter is more easily separated in VRH than in

ARH and TLRH. This finding could be attributed to the fact

that the mean automatic urine recovery time was long in the

current study. 

Finally, the classic or modified Schuchardt incision is un-

necessary in the present authors’ operation. This incision en-

ables the widening of the vaginal access to the uterus and its

ligaments. However, this procedure leads to bleeding,

haematoma, infection, pain, and long-term dyspareunia [4].

Metastases in an Schuchardt incision have also been reported

by Bader et al. [19] With the help of special retractors, the

operating fields can be exposed efficiently. The Schuchardt

incision is unnecessary in the present centre.

In summary, LAVRH is an oncologically valid alternative

for cervical cancer treatment. Special instruments can en-

hance feasibility, safety, and easy performance of this pro-

cedure for gynaecologists. Further studies about this

technique are needed to underline the promising results of

the present single-institutional series.
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