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Objective: To explore the feasibility of the “cuff-sleeve” suture method in improving the uterine blood supply after
radical trachelectomy (RT).

Study design: Patients in the “cuff-sleeve” (n = 25) and traditional group (n = 10) underwent computed to-
mography angiography (CTA) to evaluate the residual uterine blood supply pattern after the surgery, and the
preoperative group patients (n = 20) underwent CTA before the procedure.

Results: The uteri of the 20 patients in the preoperative group were all supplied by bilateral uterine arteries of
average diameter, 2.25 £+ 0.35 mm. The uterine artery-supplying, hybrid supplying, and ovarian artery-
supplying patterns accounted for 40 %, 36 %, and 24 % in the “cuff-sleeve” group and 20 %, 50 %, and 30
%, respectively, in the traditional group. The average diameter of the uterine arteries among the uterine artery-
supplying pattern in the “cuff-sleeve” group (1.98 + 0.36 mm) was more extensive than that in the traditional
group (1.73 &+ 0.15 mm) (p = 0.049). As also, the ovarian artery diameter of the hybrid supplying pattern in the
“cuff-sleeve” group (1.65 + 0.25 mm) was significantly larger than that in the traditional group (1.50 + 0.35
mm) (p = 0.010). Additionally, while the pregnancy rate in the “cuff-sleeve” group (50.0 %) was higher than that
in the traditional group (25.0 %), this difference was not statistically significant.

Conclusions: The “cuff-sleeve” suture method was associated with increased diameter of the uterine and ovarian
vessels and may be a feasible method to improve the uterine blood supply and pregnancy rate after radical
trachelectomy. It still warrants further evaluation for both fertility and oncologic outcomes.

1. Introduction

Cervical cancer is one of the most commonly observed malignant
tumors in women and the fourth leading cause of cancer-related deaths
worldwide, estimated at 604,000 new cases and 342,000 deaths globally
in 2020 (Sung et al., 2020). In recent years, cervical cancer has devel-
oped at a younger age. Approximately 40 % of the patients diagnosed
with early-stage cervical cancer are under 40 years of age and strongly
desire to preserve their fertility (Salvo et al., xxxx). Therefore, fertility-
preserving surgery in these patients has become an urgent social
concern.

More than 20 years have passed since Dargent introduced the
fertility-sparing radical trachelectomy (RT) technique (Costales et al.,
xxxx). A series of studies have confirmed its safety and effectiveness in
patients with early-stage cervical cancer, and it shows a recurrence rate
of 3.3 %, similar to that of radical hysterectomy. Since type C resection
in RT requires ligation of the uterine arteries at their origin from the
internal iliac artery, some surgeons believe that the blood supply to the
residual uterus after RT is poor and insufficient to support normal
gestation (Costales et al., xxxx; Smith et al., xxxx; Gabriele et al., xxxx; Li
et al., xxxx). Therefore, RT with the preservation of the ascending
branch of the uterine artery has been proposed and widely performed to
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ensure improved blood supply to the residual uterus for successful
pregnancy and delivery later (Al-Niaimi et al., xxxx; Hong et al., xxxx;
Wan et al., Xxxx).

Nevertheless, the clinical value of preserving the ascending branch of
the uterine artery in improving the uterine blood supply after RT re-
mains controversial. Tang et al. believe that the advantages of preser-
ving the uterine artery during RT may be minimal (Tang et al., xxxx).
They found that the primary blood supply of the residual uterus was
obtained from the ovarian artery and that 87.5 % of the preserved
ascending uterine artery branches were occluded after RT. Another
study using indocyanine green (ICG) intraoperative angiography to
determine the uterine vascular perfusion during RT found no statisti-
cally significant difference in the mean ICG fundal fluorescence intensity
between the uterine artery-sparing group and uterine artery non-sparing
group (Escobar et al., xxxx). It may be the unavoidable impact on the
remaining uterine arteries during the ligation of the descending branch
of the uterine artery and the continuous or intermittent suturing of the
vaginal stump with the lower uterine segment, resulting in post-
operative blockage of the ascending branch of the uterine artery (Tang
et al., xxxx; Wang et al., xxxx).

Consequently, we introduced the “cuff-sleeve” suture method to
suture the vaginal stump with the lower uterine segment during RT in
2017, attempting to reduce the damage to the ascending branch of the
uterine artery. The feasibility and safety of this technique have been
proved previously (Xu et al., xxxx). This study explored the differences
in uterine blood supply patterns and obstetric outcomes between pa-
tients under this new and traditional suture method.

2. Methods

This retrospective study included 48 patients with early-stage cer-
vical cancer who underwent RT to preserve the ascending branch of the
uterine artery at Sun Yat-sen Memorial Hospital, Sun Yat-sen University,
between March 2012 and October 2022. The follow-up period was
7.8-136.9 months. This study was approved by the Ethics Committee of
Sun Yat-sen Memorial Hospital, Sun Yat-sen University (SYSKY-2022-
038-01). All patients provided preoperative informed consent and
signed the operating agreement.

2.1. Study groups

The patients were categorized into 3 groups.
The preoperative group included 20 patients who had undergone
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surgery between February 2021 and April 2022. They underwent CTA
before RT to determine baseline evaluation prior to surgery.

The “cuff-sleeve” group involved 25 patients who accepted the
uterine artery ascending branch preserved RT from November 2017 to
October 2022. Out of these, 10 patients were also part of the preoper-
ative group. The “cuff-sleeve” suture method was carried out as
described before (Xu et al., xxxx). In brief, we carefully skeletonized the
3 branches of the uterine artery, ligated the vaginal and cervical
branches, and preserved the ascending branch of the uterine artery
under direct vision (Fig. 1). Furthermore, a new skill called the “cuff-
sleeve” suture method was introduced to wrap the vagina around the
stump cervix, wherein they were sutured using a 2-0 absorbable suture
by placing 2 cross-stitches in the anterior and posterior wall, respec-
tively, without piercing the cervical mucosa layer or damaging the
uterine arteries (Xu et al., xxxx).

The traditional group consisted of 10 patients who underwent RT
using a laparoscopic approach between March 2012 and March 2022,
with preservation of the ascending branch of the uterine artery. Of these,
3 patients were also part of the preoperative CTA group. Their vaginas
were then sutured to the lower uterine segments with a 1-0 catgut suture
in an interrupted fashion at the front, back, left, and right (Yao et al.,
XXXX).

All patients in the “cuff-sleeve” and the traditional groups underwent
computed tomography angiography (CTA) to evaluate the status of the
preserved ascending branch and the residual uterine blood supply
pattern 6-44 months after surgery.

2.2. Data collection

Data regarding individual patient characteristics, International
Federation of Gynecology and Obstetrics (FIGO) stage, histologic sub-
type, lymphovascular space involvement (LVSI) status, recurrence, CTA
data, fertility results, and obstetric outcomes were collected for the
patients in the “cuff-sleeve” group and the traditional group. The CTA
findings of the preoperative group were also obtained.

The CTA data was mainly analyzed to determine the arteries sup-
plying the uterus. The reconstruction focused on three key aspects.
Firstly, we aimed to identify the source of the supplying arteries for the
remaining uterus. We sought to determine whether these arteries were
uterine arteries, ovarian arteries, or newly formed collateral circulation
originating from other arteries. Secondly, we assessed the number of
supplying arteries to the remaining uterus. And thirdly, we measured the
diameter of the visualized supplying vessels. Evaluation of the

Fig. 1. The 3 branches of the uterine artery were skeletonized. The vaginal, cervical, and ascending branches were shown.
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reconstructed results was conducted by both the gynecologic surgeon
and radiologist.

We established criteria for identifying a supplying vessel: it must be
identifiable continuously from its origin to the uterus and must enter the
corpus uteri before giving off branches. Based on the distinct origins of
the supplying vessels, we categorized the patients into three groups
according to their blood supply patterns. The first was the uterine artery-
supplying pattern, wherein the residual uterus was supplied only by
bilateral uterine arteries. The second was the hybrid-supplying pattern,
in which an ovarian artery and the contralateral uterine artery supplied
the residual uterus. The third was the ovarian artery-supplying pattern,
wherein only the ovarian arteries supplied the residual uterus.

Furthermore, the diameter of the vessel was considered indicative of
its importance in the supplying function. So we also recorded the
diameter of the visualized supplying vessels. The diameter of the uterine
artery was measured 2 cm before they entered the corpus uteri. For the
ovarian arteries, which are curved, measurements were taken at three
fixed points: the ovarian arterial bud at the aorta ventralis, beside the
external iliac artery, and 2 cm before entering the corpus uteri (Tang
et al., xxxx).

2.3. Statistical methods

Statistical analyses were performed using IBM SPSS Statistics,
version 26. The t-test was used for analyzing the continuous variables,
and the chi-squared test was used for categorical variables. The differ-
ence was considered statistically significant at p < 0.05.

3. Results
3.1. Baseline characteristics

In this study, the “cuff-sleeve” and traditional groups included 25
(71 %) and 10 (29 %) patients, respectively (Table 1). All the patients
expressed a strong desire to preserve their fertility. The FIGO stages
ranged from IA1 to IB2 in both groups. The median age of the patients at
diagnosis was 30 years in the “cuff-sleeve” group (range: 22-39 years)
and 31.5 years in the traditional group (range: 26-40 years). Squamous
carcinoma was detected in 23 patients (92 %) of the “cuff-sleeve” group,
and 13 of them (54 %) were LVSI positive. In the traditional group, 9
patients (90 %) were diagnosed with squamous carcinoma, and 2

Table 1
Patient baseline characteristics.
Variable Cases The “cuff- The p value*
sleeve” traditional
group group

N (%) N (%) N (%)
Age (years)
<30 18 0.75 14 0.56 4 0.40 0.392
>30 17 0.71 11 0.44 6 0.60
FIGO Stage
1A 9 0.38 6 0.24 3 0.30 0.714
1B 26 1.08 19 0.76 7 0.70
Histologic subtype
Squamous 32 1.33 23 0.92 9 0.90 1.000
Non-squamous 3 0.13 2 0.08 1 0.10
LVIS
positive 13 0.54 11 0.44 2 0.20 0.184
Negative 22 0.92 14 0.56 8 0.80
Recurrence
Yes 35 1.46 25 1.00 10 1.00 —
No 0 0.00 0 0.00 0 0.00
Death
Yes 35 1.46 25 1.00 10 1.00 —
No 0 0.00 0 0.00 0 0.00
* 4 test.
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patients (20 %) had positive LVSI. All these clinical characteristics had
no statistical differences between the 2 groups.

The preoperative group included 20 patients, with a median age of
30 years, ranging from stage IA1 to IB2 (Table S1). Squamous carcinoma
was found in 10 of them (85 %). The LVSI states were positive in 9
patients (45 %).

3.2. Blood supply of the residual uterus

The uteri of the 20 patients in the preoperative group were all sup-
plied by bilateral uterine arteries of average diameter, 2.25 + 0.35 mm
(Table S2). We identified 2 arteries supplying each residual uterus,
which were always on the contralateral sides. They comprised uterine or
ovarian arteries (Fig. 2). The uterine artery-supplying, hybrid supplying,
and ovarian artery-supplying patterns accounted for 40 %, 36 %, and 24
%, respectively, in the “cuff-sleeve” group and 20 %, 50 %, and 30 % in
the traditional group (Table 2). However, no significant difference was
identified in the distribution of the blood-supplied pattern between
these two groups (p = 0.507). The rate of the uterine artery-supplying
pattern in the “cuff-sleeve” group (40 %) was double that of the tradi-
tional group (20 %), but this difference was not statistically significant.
Table 3.

We divided both the “cuff-sleeve” group and the traditional group
into two subgroups based on the median time interval between CTA and
surgery (range: 6-44 months, median: 19 months). Unfortunately, we
did not find any statistically significant differences between these sub-
groups in uterine blood supply patterns (Table S3). Additionally, we
subdivided the “cuff-sleeve” and traditional groups according to the
median age at which they received CTA (range: 23-41 years, median: 31
years). The distribution of uterine blood supply patterns did not show
any statistically significant differences between these subgroups either
(Table S4).

All the diameters of the uterine arteries and ovarian arteries in both
the “cuff-sleeve” and traditional groups were smaller than that of the
uterine arteries in the preoperative group (p < 0.05). However, the
average diameter of the uterine arteries among the uterine artery-
supplying pattern in the “cuff-sleeve” group (1.98 + 0.36 mm) was
more extensive than that in the traditional group (1.73 + 0.15 mm) (p =
0.049). As also, the ovarian artery diameter of the hybrid supplying
pattern in the “cuff-sleeve” group (1.65 + 0.25 mm) was significantly
larger than that in the traditional group (1.50 + 0.35 mm) (p = 0.010).
Although no statistical differences in the diameter of an ovarian artery in
the ovarian artery-supplying patterns were found between the 2 groups
(p = 0.431), the ovarian artery of the “cuff-sleeve” group was 1.88 +
0.24 mm in diameter, which was more significant than the traditional
group (1.57 + 0.16 mm). A similar result was found in the uterine artery
diameter of the hybrid supplying pattern.

The results above suggested that the remaining uterine blood supply
after RT in the “cuff-sleeve” group was more abundant than in the
traditional group.

3.3. Fertility results and obstetric outcomes

The median follow-up period in the “cuff-sleeve” group was 36.2
months (7.8-68.0 months). Among the 10 patients who actively
attempted to conceive, 5 (50.0 %) succeeded. One patient was still at 6
weeks of pregnancy by follow-up, and one had a spontaneous abortion at
23 weeks. Two were born prematurely at 31 weeks and 35 weeks,
respectively, and the other underwent an induced abortion at 8 weeks
due to social factors. The bilateral uterine arteries supplied the residual
uteruses in 2 (40 %), another 2 (40 %) were given by the hybrid-
supplying pattern, and bilateral ovarian arteries provided the other
(20 %).

The median follow-up period in the traditional group was 113.7
months (15.3-136.9 months). Four patients had a strong desire to
become pregnant, and one had achieved (25.0 %). But unfortunately, it
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Fig. 2. The uterus blood supply patterns. (A) The uterus was supplied by bilateral uterine arteries. (B) Ovarian artery-supplying pattern. (C) Ovarian artery-uterine
artery supplying pattern. One ovarian artery (right) and one uterine artery (left) supplied the residual uterus. (D) Uterine artery-supplying pattern.

Table 2
The distribution of the three blood supplying patterns in the postoperative period.
Supplying pattern Cases The “cuff-sleeve” group The traditional group p value*
N (%) N (%) N (%)
Uterine artery-supplying 12 0.33 10 0.40 2 0.20 0.507
Hybrid supplying 14 0.39 9 0.36 5 0.50
Ovarian artery-supplying 9 0.25 6 0.24 3 0.30
* 2 test.
Table 3
The diameter of supplying artery in the postoperative group.
Supplying pattern Groups Utreine artery diameter (mm) Ovarian artery diameter (mm)
N mean + SD p value N mean + SD p value
Uterine artery-supplying The “cuff-sleeve” group 20 1.98 + 0.39 0.049 / / /
The traditional group 4 1.73 £ 0.15 / /
Hybrid supplying The “cuff-sleeve” group 10 1.91 £+ 0.26 0.940 10 1.65 + 0.25 0.010
The traditional group 5 1.90 + 0.25 5 1.50 + 0.35
Ovarian artery-supplying The “cuff-sleeve” group / / / 12 1.88 + 0.24 0.431
The traditional group / / 6 1.57 £ 0.16

was an ectopic pregnancy. Her residual uterus was supplied by the one
uterine artery and contralateral ovarian artery.

The results above showed that the pregnancy rate in the “cuff-sleeve”
group was higher than that in the traditional group.

3.4. Oncologic outcomes

In our study, none of the 35 patients in both groups experienced
recurrence or death, possibly due to the short follow-up period and the
small sample size (Table 1). In future studies, we plan to incorporate
oncologic outcomes data to provide a more holistic view of the tech-
nique’s effectiveness and long-term implications.

4. Discussion

Although cervical cancer screening has significantly reduced its
incidence, it still ranks fourth among all significant malignant tumors as
the cause of cancer-related mortality (Segarra-Vidal et al., xxxx).
Traditional early invasive cervical cancer treatments include radical
hysterectomy, lymphatic dissection, and radiation therapy for the can-
cer foci and metastatic lymph nodes, leading to permanent infertility
(Salvo et al., xxxx). With the increase in younger patients with cervical
cancer and the postponement of the childbearing age, RT, which pre-
serves the reproductive function of patients, has become the ideal
treatment choice in patients with early-stage cervical cancer (Li et al.,
xxxx; Kasuga et al., xxxx; Ungar et al., xxxx).

Physiologically, the blood supply of the uterus mainly comes from
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the bilateral ovarian and uterine arteries. The diameter of normal
ovarian arteries should be <1 mm in the natural state and invisible on
the reconstructed image (Umemura et al., xxxx; Pelage et al., xxxx; Mori
et al., xxxx). When we examined the preoperative CTA of the 20 patients
in our study, the ovarian arteries were challenging to identify, sug-
gesting that the uterine artery predominates the uterine blood supply in
the physiological state. In conventional RT, both uterine arteries were
removed, leaving only 2 ovarian arteries to supply the uterus. Although
there were no cases of uterine atrophy or ischemic necrosis after RT in
this study, some scholars still believe that the preserved bilateral ovarian
arteries cannot provide sufficient blood supply to the uterus during
pregnancy, leading to the frequent occurrences of premature delivery or
premature rupture of membranes (Smith et al., xxxx; Cibula et al., xxxx;
Li et al., xxxx). Therefore, recently, RT with the preservation of the
ascending branch of the uterine artery has been widely performed.

Nevertheless, only a few studies have investigated the function of the
ascending branch of the uterine artery after RT. Some researchers used
sonography to explore whether RT affected the uterine blood supply and
discovered that the absolute refractive index values after RT did not
differ from those in the control group (Klemm et al., xxxx). Tang et al.
used CTA to evaluate uterine perfusion after RT with preserved
ascending uterine artery branches, as sonography did not provide a
complete view of the pelvic anatomical structures (Tang et al., xxxx).
They found that the ovarian artery was the main blood supply vessel
after surgery. The occlusion rate of the preserved uterine artery was as
high as 87.5 %. Another study using ICG intraoperative angiography to
determine uterine vascular perfusion during RT found no statistically
significant difference between the uterine artery-sparing and artery non-
sparing group (Escobar et al., xxxx). Therefore, it was believed that
preserving the ascending branch of the uterine artery had no obvious
functional advantage. However, in recent years, objections have been
raised (Wang et al., xxxx). A literature review also demonstrated that
oncologic and obstetric outcomes were promising when the ascending
branch of the uterine artery was preserved (Kim et al., xxxx).

We assumed that ligating the descending branch of the uterine artery
without direct vision and suturing the vagina and stump cervix contin-
uously or intermittently might inevitably damage the preserved uterine
arteries (Gabriele et al., xxxx; Yao et al., xxxx; Li et al., xxxx; Klemm
et al., xxxx; Chang et al., xxxx). The most likely reason for uterine artery
occlusion was unavoidable injury. To the best of our knowledge, this is
the first study to consider the skeletonization of the 3 branches of the
uterine artery before ligating its descending branch and to introduce the
novel “cuff-sleeve” suture method to avoid damage (Xu et al., xxxx). In
the “cuff-sleeve” group, we carefully skeletonized the 3 branches of the
uterine artery, ligated the vaginal and cervical branches, and preserved
the ascending branch of the uterine artery under direct vision. The novel
“cuff-sleeve” suture method was also introduced to avoid unnecessary
damage to the uterine arteries. We sutured the vagina around the stump
cervix using a 2-0 absorbable suture by placing two cross-stitches in the
anterior and posterior walls without piercing the cervical mucosa layer
(Xu et al., xxxx).

Two arteries on the contralateral sides were identified to supply each
residual uterus. More patients were provided by the uterine artery-
supplying pattern in the “cuff-sleeve” group than in the traditional
group. However, no significant difference was identified in the distri-
bution of the blood-supplied pattern between these 2 groups. All the
diameters of the uterine and ovarian arteries in both the “cuff-sleeve”
and traditional groups were smaller than that of the uterine arteries in
the preoperative group. But the average diameter of the uterine arteries
among the uterine artery-supplying pattern and the ovarian artery
diameter of the hybrid supplying pattern in the “cuff-sleeve” group was
significantly larger than that in the traditional group. The ovarian artery
of the “cuff-sleeve” group was more significant than the traditional
group, although no statistical differences in the diameter of the ovarian
artery in the ovarian artery-supplying patterns were found between the
2 groups. A similar result was found in the uterine artery diameter of the
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hybrid supplying pattern. We cannot determine the difference between
these 2 arteries because of the limited sample size in this study. Exten-
sive sample-size studies are warranted for reliable results. The preg-
nancy rate in the “cuff-sleeve” group was higher than in the traditional
group. However, their fertility outcomes were not as good as expected.
Premature delivery and spontaneous abortion occurred. The timing of
the CTA, ranging from 6 to 44 months post-surgery, and the age of pa-
tients, ranging from 23 to 41 years, introduce variability that could
affect the robustness of the blood supply observations. The lack of sig-
nificant changes in blood supply patterns over time may be due to the
relatively small sample size and variability in timing. Future studies with
standardized CTA intervals are recommended to better understand the
potential impact of time on blood supply dynamics.

Additionally, we utilized CTA data to identify the arteries supplying
the uterus, establishing a criterion where a vessel would be considered a
supplying artery only if it exhibited continuity from its origin to its entry
into the uterus and branching (Tang et al., xxxx). While this criterion
helped distinguish perfusion from uterine or ovarian vessels, it also
posed limitations. Despite the CTA’s resolution of 0.1 mm, measurable
vessels needed to be at least 0.8 mm in diameter. As a result, newly
formed collateral vessels with diameters less than 0.8 mm remained
undetectable. This constraint likely hindered our ability to identify such
formations in our analysis.

Adapting this technique to a vaginal or open approach may present
unique challenges and considerations. For the vaginal approach, sur-
geons would need to focus on maintaining clear visualization and access
to the surgical field, possibly requiring specialized instruments or
techniques to ensure the preservation of critical structures. For the open
approach, careful attention to minimizing tissue trauma and ensuring
precise hemostasis would be crucial. Further studies are necessary to
refine these adaptations and determine their efficacy and safety
compared to the laparoscopic approach. We recommend that surgeons
consider these factors and adjust their techniques accordingly when
adapting to different surgical routes.

Summarizing the above results, we observed an increased diameter
of the uterine artery using the cuff sleeve approach. The clinical sig-
nificance of this finding remains to be determined and would require a
larger sample size for confirmation. Given the small cohort size, the
findings may not be generalizable to a broader population. Additionally,
other sources of bias, such as selection bias and the retrospective nature
of the study, could affect the results. We recommend that future research
include larger, multicenter cohorts and prospective study designs to
mitigate these limitations and provide more robust data on the outcomes
and efficacy of the technique.

5. Conclusion

Based on the findings of this study, we conclude that the “cuff-sleeve”
suture method was associated with increased diameter of the uterine
and ovarian vessels and may be a feasible method to improve the uterine
blood supply and pregnancy rate after radical trachelectomy. Extensive
sample size and self-controlled prospective studies are warranted for
both fertility and oncologic outcomes.
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