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Background: Cervical cancer is a prevalent malignancy among women of reproductive age. For early-
stage cervical cancer, nerve-sparing radical trachelectomy offers a fertility-preserving treatment option. This
procedure aims to remove the cancerous tissue while preserving pelvic nerves necessary for uterine function,
thereby maintaining fertility while achieving favorable oncologic outcomes. This study evaluated the
obstetric and oncologic outcomes of nerve-sparing radical trachelectomy in patients with early-stage cervical
cancer.

Methods: Retrospective reviews were performed on eight patients who underwent nerve-sparing radical
trachelectomy for stage IA2-IB1 cervical cancer, classified according to the International Federation of
Gynecology and Obstetrics (FIGO). Six patients underwent nerve-sparing radical trachelectomy while
preserving the uterine branches of the pelvic nerves, while two patients underwent conventional nerve-
sparing radical trachelectomy. Two patients underwent abdominal surgery, and six patients underwent
laparoscopic surgeries. The clinical stages included three patients with stage IA2 and five patients with stage
IB1. The median follow-up period was 78 months (range, 15-114 months).

Results: In this study, 37.5% of the patients attempted conception. The pregnancy rate was 66.7%, with
deliveries occurring at full term as well as at 34 gestational weeks. Cine magnetic resonance imaging revealed
physiological endometrial movements in patients who underwent surgery. No patient developed recurrence,
and none of the patients died.

Conclusions: Early-stage cervical cancer patients may be safe candidates for nerve-sparing radical
laparoscopic trachelectomy with preservation of the uterine branches of the pelvic nerves. Maintaining the
uterine branches of the pelvic nerves may be crucial for strengthening uterine immunity and maintaining

uterine peristalsis, which may contribute to improved pregnancy outcomes.
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Introduction

Cervical cancer is the fourth most common malignancy
affecting women globally (1). In Japan, approximately
3,500 deaths occur annually from cervical cancer, with over
13,000 new cases identified each year (2). Cervical cancer
predominantly affects women at an earlier age compared with
other cancer types. It is most commonly diagnosed in young
and middle-aged adults, particularly between the ages of 35 and
55 years (3). Surgery remains the primary treatment modality
for early-stage cervical cancer, with radical hysterectomy
being a widely performed procedure (4). This surgery can
be performed through open surgery or minimally invasive
techniques, depending on the patient’s condition and the
surgeon’s expertise. Recently, a review paper evaluated
the safety, efficacy, and oncologic outcomes of minimally
invasive radical hysterectomy compared to open surgery in
early-stage cervical cancer, focusing on evidence from key
trials and retrospective studies (5). Prior to 2018, minimally
invasive radical hysterectomy was widely regarded as safe
and effective (6-9), with meta-analyses demonstrating
comparable survival outcomes between laparoscopic and
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open surgery (8). However, the lack of definitive evidence
(level A) prompted the design of the Laparoscopic Approach
to Cervical Cancer (LACC) trial to further compare these
techniques (10). The LACC trial revealed significant
shortcomings of minimally invasive surgery, including
poorer disease-free survival and a higher risk of recurrence
compared to open surgery, raising concerns about its safety
(10,11). Following the trial, retrospective studies presented
mixed findings. Some studies reported a 4-year mortality
rate of 9.1% for minimally invasive surgery compared
to 5.3% for open surgery, while others indicated a 71%
higher pooled hazard ratio for adverse oncologic outcomes
associated with minimally invasive surgery (12,13). These
results underscore the ongoing debate regarding the safety
and efficacy of minimally invasive radical hysterectomy,
emphasizing the need for further investigation.

However, radical hysterectomy carries the potential to
cause infertility (14). Recently, the prevalence of early-stage
cervical cancer has increased among women who wish to
preserve their fertility. Radical trachelectomy is currently
considered the standard treatment for patients with early-
stage cervical cancer who want to maintain their fertility (15).
The radical trachelectomy involves the en bloc removal of
the cervix, vaginal margins, and parametria while preserving
the uterine body and fundus iz situ (16). Traditionally,
trachelectomy has been selectively offered to women meeting
specific criteria, typically those diagnosed with up to stage IB1
cervical cancer and a tumor size not exceeding 2 cm, as per
current guideline recommendations (17). In addition, patients
who wish to retain their fertility may also have radical
trachelectomy combined with pelvic lymphadenectomys;
however, all surgical approaches (vaginal, abdominal,
laparoscopic, and robotic) cause peritoneal damage leading
to periadnexal adhesions (18). Several surgical approaches,
such as abdominal, vaginal, laparoscopic, and robotic
radical trachelectomies, are employed worldwide (19-21).
Numerous studies have reported the oncologic and obstetric
outcomes of radical trachelectomy (22-28). According
to these reports, the oncologic outcomes of radical
trachelectomies were comparable to radical hysterectomies
(22-28). However, obstetric outcomes differed in each
report, necessitating further improvements. To address this,
we previously introduced the novel concept of preserving
the uterine branches of the pelvic nerves in nerve-sparing
radical trachelectomy (29). Using this method, the uterine
branches of the pelvic nerves are safely translocated and
preserved in the uterine body after resection of the cervix
containing the tumor (29). Recently, we have succeeded in
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introducing this concept in laparoscopic surgery. In this
study, we present the oncologic and obstetric outcomes of
patients with early-stage cervical cancer who underwent a
novel nerve-sparing laparoscopic radical trachelectomy with
preservation of the uterine branches of the pelvic nerves.
We present this article in accordance with the SUPER
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-1929/rc).

Methods
Patients

This retrospective study analyzed eight patients with
cervical cancer who underwent nerve-sparing type III
radical trachelectomy and pelvic lymphadenectomy between
December 2014 and February 2022 at Shimane University
Hospital. All patients had stage IA2-IB1 cervical cancer,
according to the International Federation of Gynecology
and Obstetrics (FIGO). The inclusion criteria for this
surgery were a tumor diameter of <20 mm, squamous cell
carcinoma or adenocarcinoma, a free surgical margin of
10 mm, and a residual cervical length of >10 mm. During
radical trachelectomy, in cases where positive tumor nodes
were detected after pelvic lymphadenectomy or if frozen
pathological sections revealed a positive surgical margin in
the cervix, the surgical intervention was modified to radical
hysterectomy. All patients provided written informed
consent for surgery and separate consent for participation
in this study was also obtained from all patients. The study
was approved by the Institutional Review Board of Shimane
University (IRB No. 20191120-1). Patients were informed
of the option to withdraw from this study at any time using
the opt-out option available on the hospital’s website. This
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Surgical procedure

A detailed method for nerve-sparing radical trachelectomy
with preservation of the uterine branches of the pelvic
nerves was reported in our previous study (29). Briefly, this
method involves the preservation of the uterine branch of
the pelvic nerve, which is composed of the pelvic splanchnic
and hypogastric nerves. The hypogastric nerve is usually
identified by exploiting Okabayashi’s pararectal space.
Dissection of the surrounding connective tissue in the
uterine cervix, including the continuation of the hypogastric
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nerve, facilitates the isolation of the uterine branches.
Further dissection of the surrounding connective tissue
from the uterine corpus facilitates complete separation from
the cervix. These techniques are similar to those used in
abdominal and laparoscopic surgeries. The main concept
for preserving the uterine branch of the pelvic nerve is
shown in Figure 1. The bilateral ascending branches of
the uterine arteries were also preserved. Treatments for
the vesicouterine and cardinal ligaments followed those
of the conventional nerve-sparing radical trachelectomy.
Four of the six patients underwent laparoscopic radical
trachelectomy without protective maneuvers.

After the colpotomy, the uterus was attached to the
bilateral uterine arteries, bilateral uterine branches of the
pelvic nerve, and bilateral infundibulopelvic ligaments.
During laparoscopic surgery, a 5 cm lower abdominal
longitudinal incision was made, and the uterine cervix was
extracted from the pelvic cavity. The anatomical position
of the internal ostium was identified using ultrasonography,
and trachelectomy was performed 10 mm below the
internal ostium, resulting in a residual cervical length of
10 mm. A permanent cerclage using #2-0 Ethibond (Johnson
and Johnson, Nordersted, Germany) was placed, and the
anastomosis between the vagina and the residual cervix was
performed laparoscopically.

Results

A total of eight patients underwent a nerve-sparing radical
trachelectomy. Among them, six patients underwent nerve-
sparing radical trachelectomy to preserve the uterine
branches of the pelvic nerves, and two patients underwent
conventional nerve-sparing radical trachelectomy,
prioritizing uterine preservation over conception. Iwo
patients underwent abdominal surgery, and six patients
underwent laparoscopic surgery. Seven of the eight patients
underwent a radical trachelectomy, and one patient
underwent a radical hysterectomy due to a positive surgical
margin (Zable I1). The follow-up duration ranged from 15
to 114 months (median: 78 months), with an age range
of 31-37 years (median: 33.3 years). Three patients were
classified as clinical stage IA2, and five as stage IB1 tumors.
Histological examination revealed squamous cell carcinoma
in six patients, while adenocarcinoma was observed in two
patients. Lymphovascular space invasion was found in
one case. The median operative time was 518 min (range,
385-630 min), median blood loss was 480 mL (range,
165-4,230 mL), and the median length of hospital stay
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Figure 1 Conceptual representation of novel nerve-sparing radical trachelectomy preserving the uterine branches of the pelvic nerves. (A)

Schematic overview of the conventional technique. (B) Schematic overview of the current surgical technique. In the normal trachelectomy

technique, the uterine branches of the pelvic nerve attach to the cervix and are simultaneously removed. (C) Schematic overview for radical

trachelectomy from the standpoint of the uterine branches of the pelvic nerves. The procedure reduces the uterine branch of the pelvic

nerve via translocation.

was 17.5 days (range, 7-47 days) (1able 1). There were no
intraoperative and postoperative complications (0%). The
average number of dissected lymph nodes was 38.1 (range,
22-61). The prevalence of residual disease in the surgical
specimens was 12.5% (1/8). All patients remain alive
without evidence of recurrence, resulting in a recurrence
rate of 0%. One patient received adjuvant chemotherapy
(taxane + carboplatin) owing to a high risk of recurrence
according to the histological diagnosis.

Among the patients who underwent radical trachelectomy,
three desired conception, and two achieved successful
pregnancies through assisted reproductive technology. Both
patients delivered via cesarean section; one patient had a full-
term pregnancy, and the other had 34 gestational weeks due
to labor onset. Therefore, the prevalence of pregnancy was
66.7% (2/3). To assess the physiological function of nerve-
sparing radical trachelectomy while preserving the uterine
branches of the pelvic nerves, we performed cine magnetic
resonance imaging. The physiological endometrial movement
was observed in the patients who underwent surgery

(Figure 2).
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Discussion

Cervical cancer ranks the fourth most common malignancy
globally in terms of incidence and mortality, following
breast, colorectal, and lung cancers (30). The number of
young patients with cervical cancer who wish to preserve
fertility is rising, particularly in developed countries, due
to the increase in average childbearing age. Currently,
radical trachelectomy is carried out as a fertility-preserving
surgery worldwide by vaginal, open, and minimally invasive
techniques (22,30-34). In this study, we focused on the
oncologic and obstetric outcomes of eight patients who
underwent nerve-sparing laparoscopic radical trachelectomy
while preserving the uterine branches of the pelvic nerves.
At the time of writing this report, no patients had developed
recurrence or died of the disease. Pareja et 4l. (26) examined
the outcomes of abdominal radical trachelectomy and
observed a disease recurrence rate of 3.8% and a mortality
rate of 0.4%. Another study reported the overall recurrence
rate to be about 7.2% after a median follow-up period of
58 months for 166 consecutive women who underwent
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Figure 2 This figure shows cine MRI of uterine peristalsis following nerve-sparing radical trachelectomy while preserving the uterine

branches of the pelvic nerves. The images demonstrate physiological endometrial movements in the patient who underwent this surgery. (A)

Cine MRI in the sagittal plane. (B) Cine MRI in the axial direction. MRI, magnetic resonance imaging.

a 50% pregnancy rate following simple trachelectomy (40),
24% after abdominal radical trachelectomy (26), and 52%
after total laparoscopic radical trachelectomy (41), which are
lower than the rate observed in the current report. Cervical
factors such as mucus production, stenosis, and cervical
length have been suggested as the main causes of infertility
after trachelectomy (42,43). In our patients who went
through radical trachelectomy, preservation of the uterine
branches of the pelvic nerves may have maintained both
endometrial immunity and uterine peristalsis. This might
be confirmed by the fact that physiological endometrial
movement can still be observed after nerve-sparing radical
trachelectomy, with preservation of the uterine branches
of the pelvic nerves on cine magnetic resonance imaging
(Figure 2). Preservation of the pelvic nerves is thought
to be crucial for boosting immunity in the uterus and
maintaining uterine peristalsis, which may have contributed
to the higher pregnancy rates. Recent concepts propose a
precise regulation of successful pregnancy by the immune-
neuro-endocrine network (44,45). The levels of uterine
mast cells (MCs) and histamine release correlate with
uterine immunity during pregnancy (46,47). Disruption
of autonomic nerve innervation can elevate uterine MCs,
resulting in increased histamine release. Histamine, in turn,
can impact the balance between Thl and Th2 immune
responses. Excessive pre-implantation histamine levels may
inhibit Th2, favoring Th1 dominance, potentially leading to
immune rejection and implantation failure (48). Therefore,

© AME Publishing Company.

uterine nerves likely play a pivotal role in facilitating
successful implantation by regulating histamine levels and
maintaining the Th1/Th2 balance.

This study on nerve-sparing surgery for early-stage
cervical cancer establishes a strong foundation for future
research and medical decision-making. Further research
through continued follow-up studies is crucial to evaluate
long-term outcomes and safety, especially regarding
cancer recurrence, fertility outcomes, and nerve function.
Comparative analyses with alternative surgical approaches
and detailed assessments of functional outcomes will
enhance evidence-based decision-making and improve
patient care. Collaboration among medical institutions and
international data-sharing initiatives may help gain a better
understanding of nerve-sparing surgery outcomes across
diverse populations, potentially leading to the development
of standardized protocols and guidelines. Therefore, in
the future, doctors may become more skilled at selecting
the right patients for this surgery based on tumor type and
patient preferences.

The strength of this study lies in its novel discussion of
both oncologic and obstetric results of laparoscopic radical
trachelectomy with preservation of the uterine branches of
the pelvic nerves. However, a limitation of this study is its
small sample size of patients who had nerve-sparing radical
trachelectomy with preservation of the uterine branches of
the pelvic nerve. Additionally, the relatively short median
follow-up period of 78 months may not be sufficient to
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capture potential long-term complications or recurrence
rates. Larger, prospective studies with longer follow-up
durations and comparative analyses are warranted to further
validate the safety and efficacy of this surgical approach.

Conclusions

In conclusion, nerve-sparing radical trachelectomy with
laparoscopic preservation of the uterine branches of the
pelvic nerves is a safe and effective approach for early-
stage cervical cancer patients. This approach demonstrated
no recurrence and a high pregnancy rate. This could lead
to an increase in the pregnancy rate for this category of
patients due to the maintenance of nerve and endometrial
mobility. Therefore, patients with cervical cancer who wish
to preserve their fertility may benefit from this technique.
Clinicians can consider recommending this approach when
counseling patients who prioritize fertility preservation. The
study’s practical relevance lies in providing a beneficial and
viable choice for women with early cervical cancer secking
to preserve their ability to conceive, thereby influencing
real clinical practice positively.
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