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Abstract

Objective To evaluate the feasibility and effectiveness of
intraoperative nerve staining by modified leucomethylene
blue (MLB).

Methods Animal experiment was performed to assure
whether the tissues dyed blue by MLB were nerves with
microscopic examination. Ten patients with cervical can-
cer were performed by nerve-sparing radical hysterectomy
(NSRH) and nerve staining intraoperatively by MLB. The
status of staining was recorded. The post-void residual
urine volume after removing was measured by ultrasound.
The time to post-void residual urine volume of less than
100 ml and the first defecation were recorded.

Results In animal experiment, the tissues dyed blue
obviously showed abundant nerve fibers by microscopic
examination. The minor nerves were dyed blue clearly in
NSRH. The time to post-void residual urine volume of less
than 100 ml after removal of the urethral catheter was 10.3
(7-13) days by records. The time to the first defecation was
67.7 (60-82) h.
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Conclusion Intraoperative nerve staining by MLB pro-
vided a new method for nerve location in NSRH. It was
safe, effective and convenient.
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Introduction

Previous papers suggested that the careful identification
and preservation of the hypogastric nerves (HN) and pel-
vic splanchnic nerves (PSN) is significant to minimize
bladder function injury during the past years [1, 2]. The
total meometrial resection (TMMR), as a kind of NSRH
with excellent oncological outcomes, was performed by
M. Hockel in open technique [3] and recently translated in
robotic and laparoscopic surgery by other authors [4, 5].
However, the origin and distribution of the pelvic nerve
plexus have not been fully described and it was a difficult
technique to discriminate the nerve and other tissues in
operation. If anatomical details of the pelvic nerve plexus
and the vesical branches could be clarificated, various types
of nerve-sparing laparoscopic radical hysterectomies would
be achieved more successfully. Moreover, no standardized
technique for NSRH has been confirmed and controversies
still exist about its oncological safety when NSRH per-
formed [6, 7].

We consider whether nerve staining intraoperatively pro-
vides a precise nerve location in NSRH. Selective nerve
staining by leucomethylene blue (LB) as an intraoperative
aid has been shown to achieve complete vagotomy [8—10].
In this pilot study, we performed nerve staining intraopera-
tively by modified leucomethylene blue (MLB) in NSRH
and observed the effectiveness of nerve staining.
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Materials and methods
Animal experiment

MLB consists of 800 mg Na,S,05-5H,0, 10 ml 0.1% leu-
comethylene blue, and four drops of dilute hydrochloric
acid (proportion 1.17, hydrochloric acid/water 1/3). The
final solution was colorless and pH was 4.0.

Intraperitoneal 1% pentobarbital sodium (30 mg/kg)
was used for anesthesia. The SD rats breathed spontane-
ously throughout the whole experiment. The abdomen of
rat was opened through a midline incision after anesthetiz-
ing. Esophagus and stomach were exposed and the serous
was removed. The esophagus and stomach was covered by
MLB quickly, followed by physiological saline douched
the stained area. The process was repeated three times
and the vagus nerve was dyed blue (Fig. 1). After that,
the tissue stained obviously was selected for microscopic
examination.

Nerve staining in NSRH

Ten patients with cervical cancer, stage IB1 (tumor
size <2 cm), requiring radical hysterectomy, were per-
formed by NSRH and nerve staining intraoperatively
during the period from September 2015 to December

Fig. 1 The vagus nerve of the rat was showed by MLB
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2015 in the Obstetrics and Gynecology Hospital of
Fudan University, Shanghai, P. R. China. The study
design and protocol were approved by the Institu-
tional Review Board, and all patients were given writ-
ten informed consent after the procedure was explained
fully. Clinical data obtained, including age, stage, histol-
ogy, operating time, blood loss, intra- and postoperative
complications, length of stay, time to recovery of blad-
der and rectal function.

Nerve-sparing surgery was performed as follows: pel-
vic lymphadenectomy was performed in all patients. HN,
located in the pararectal space, was near the rectum and it
ran parallel to the utero-sacral ligament (USL) [11]. Fol-
lowed by the lateral peritoneum beside the USL and the
posterior leaf of the broad ligament dissected longitudi-
nally along the USL, the Okabayashi pararectal spaces
were covered by MLB quickly, followed by saline flushed
stained area. The process was repeated three times. Then
the hypogastric nerve plexus was exposed under the perito-
neum. The HN and branches were dissected and preserved
laterally to the pelvic wall (Fig. 2).

The prerectal space was developed by blunt dissection
when isolation of the USL and rectal pillars and after dis-
section of the peritoneum of the Douglas pouch. The pre-
rectal and the pararectal spaces were distinguished and the
Okabayashi space was identified. MLB was used again and
the ablation of impalpable nerves dominating rectum was
avoided (Fig. 3).

The HN was traced towards the cardinal ligament and
the posterior-lateral wall of the uterus, forming the inferior
hypogastric plexus combined with the PSN. Then the MLB
was used to locate the nerve bundles running parallel to the
posterior leaf of the vesicocervical ligament from the cardi-
nal ligament to the bladder (Fig. 4).

The paravaginal space was distinguished by dissecting
the loose connective tissue among the side of the vagina
and the posterior leaf of the vesicouterine ligament. The

Fig. 2 The minor branches of HN were distinguished by MLB
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Fig. 4 The nerve bundles running parallel to the vesicocervical liga-
ment from the cardinal ligament to the bladder were located (the uter-
ine was removed)

Fig. 5 The nerve fibers going along the paravaginal space were iden-
tified

MLB was used to locate the nerve fibers, including the
bladder branches and other minor ones from the inferior
hypogastric plexus (Fig. 5).

[ i

Fig. 6 The tissues blue dyed showed abundant nerve fibers by micro-
scopic examination

Assessment of bladder and rectal function

All patients were placed a Foley catheter for 7 days postop-
eratively. Bladder function was assessed from day 7 after
surgery. Postoperative post-void residual urine volume of
less than 100 ml was indication for success after remov-
ing the Foley catheter. The post-void residual urine volume
after removing was measured by ultrasound. The bladder
was catheterized again in case of the post-void residual
urine volume exceeded 100 ml. And the urine volume was
measured every 3 days until the post-void residual urine
volume was less than 100 ml. The time to post-void resid-
ual urine volume of less than 100 ml and the first defeca-
tion were recorded.

Results
Animal experiment

The tissue selected showed abundant nerve fibers by micro-
scopic examination (Fig. 6).

Nerve staining in NSRH

The nerve staining in NSRH was performed successfully?
for all the patients in this study. The minor nerves were
dyed blue clearly in the operation. The mean operating time
was 187 (range 170-210) min. The mean blood loss was
266 (range 200-380) ml. The average length of stay was
12.9 (range 10-15) days. No intraoperative and postopera-
tive complications were reported. No lymph node, parame-
trium metastasis and lymph vascular space invasion were
revealed by pathologic evaluation.
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The time to post-void residual urine volume of less
than 100 ml after removal of the urethral catheter was 10.3
(7-13) days by records. The time to the first defecation was
67.7 (60-82) h (Table 1).

Discussion

The technique for systematic preservation of the pelvic
autonomic nerve system, which contains the HN, the PSN,
the pelvic plexus and the bladder branches of the pelvic
plexus, was further improved and described. However, until
now, the minor nerves, even some main ones were illegible
intraoperatively.

It was reported that several methods were applied in the
NSRH to localize the nerve. Intraoperative electrical stimu-
lation (IES) while monitoring intravesical pressure during
radical hysterectomy represents a technically simple and
useful procedure for the prediction of postoperative blad-
der function. However, it has an element of invasiveness;
the appropriate nerve was not actually in the location where
the IES probe was applied or that the nerve was temporar-
ily damaged during the course of the operation [11-13]. A
cavitron ultrasonic surgical aspirator (CUSA, Excel) was
applied to remove parametrial tissue to preserve the auto-
nomic hypogastric nerve in NSRH [14]. Nevertheless,
the procedure needs special equipment and is expensive
for many patients in developing countries. In a word, the
procedures above can only be performed by experienced
surgeons.

In this pilot study, we introduced a new technique of
intraoperative nerve staining with MLB for NSRH. It was
proved to be safe, effective and convenient.

Oded reported that methylene blue staining as an aid to
facial nerve identification in parotid gland surgery. How-
ever, the specificity of the pure methylene blue was not

Table 1 Clinical datas of the patients

distinguished in nerve staining. Furthermore, it was per-
formed by injection into the gland and it was a potential
hazard for tissue damage [15]. LB consists of 0.4% methyl-
ene blue, 7.02% ascorbic acid, and 1.68% sodium bicarbo-
nate solution. It is a colorless or very faintly blue solution.
If exposed to the air, it rapidly changes to deep blue, oxi-
dized by the atmosphere. It was initially applied to vagot-
omy for the patients with stomach ulcer [8-10, 16].

However, Peer et al. indicated that the coloring of the
distal esophagus with LB is of no clinical value in achiev-
ing completeness of vagotomy because nerve tissue was
confirmed in only 33% of nerve tissue removed [10].
Because ascorbic acid cannot completely oxidized meth-
ylene blue, LB is also susceptible to oxidation in the dye-
ing process, this oxidized methylene blue can only remain
extracellular, resulting in non-specific staining, affects the
staining results. However, the MLB is maintained in the
reduced state in this procedure, which can enter nervous
tissue. The strong oxidizing ability of nervous tissue oxi-
dated the reduced MLB. Nerve showed blue, so the MLB
had better specificity than LB in nerve staining. Other cells
lack this oxidation, and therefore cannot be dyed blue. It
suggested that nervous tissue either stores or has access to
considerably more oxygen than other tissues did. Recently,
it has been criticized that there is no standardized technique
for NSRH, and controversies still exists about its oncologi-
cal safety [5—7]. So the nerve staining provides a chance to
make a balance between reasonable oncological outcomes
and function-preserving. In the opposite, in performing a
truncal vagotomy, the dye should be applied to make abso-
lutely sure no vagal fibers, even small, were left lying on
the esophagus.

On the other hand, it was absolute that the pelvic nerve
plexus appears as a mesh, not one or two fibers. In the
operation, the nerves spared were always visible by naked
eye. And the minor nerves, producing a marked effect,

Case Stage Histology Age Operating Blood loss Length of hos-  Time to recovery of Time to recovery of
time (min) pitalization bladder function (day) rectal function (day)

1 1Bl SCcC 56 190 250 13 10 82

2 1Bl SccC 62 200 250 12 10 65

3 1Bl SccC 48 180 200 15 13 74

4 1Bl SCC 53 200 220 12 10 70

5 1Bl Ad 46 190 310 15 13 68

6 1Bl SCC 55 180 280 13 10 62

7 1Bl SCC 60 170 350 12 10 60

8 1Bl SCC 47 180 210 10 7 63

9 IB1 SCC 43 210 380 13 10 65

10 1BI SCC 50 170 210 14 10 68

SCC squamous cell carcinoma, Ad adenocarcinoma
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were always neglected. Moreover, there were variant
nerves sometimes, just like the vessels. Proper staining of
the nerve solved the thorny problems. Our study suggested
small nerve fibers oxidize the MLB more readily than mus-
cle or connective tissue and it was proved selective. Large
nerve fibers or trunks are not stainable. The reason for this
may be that the thick sheath of the larger nerves impedes
MLB to penetrate. However, in the process of NSRH, most
nerves injuried or excised were hard to be detected by
naked eye, and therefore difficult to be isolated and divided.

In our hospital, the patients always discharged from
hospital when the postoperative pathology reports were
received. So the average length of stay was more than the
duration recorded in the literature [17, 18].

There were some limitations of our study. First, it was
only a pilot study, increased number of procedures with
longer-term follow-up should be performed. Second, the
abdominal cavity was filled with carbon dioxide and lack
of oxygen under laparoscopy so the oxidation of MLB was
incomplete. Furthermore, the penetration of MLB is not
powerful enough and the tissues covered the target nerve
fibers should be isolated when staining. Last but not least,
the specificity of MLB needs to be improved.
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