1' frontiers ‘ Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

Sarah M. Temkin,
National Institutes of Health (NIH),
United States

Jan Egger,

University Hospital Essen, Germany
Nikolaos Tselis,

University Hospital Frankfurt, Germany

Hong Liu
hongliulll_9@126.com

This article was submitted to
Gynecological Oncology,

a section of the journal
Frontiers in Oncology

20 January 2022
24 June 2022
11 August 2022

Yan X-J, Yang Y, Chen X, Wang S-G,
Niu S-H, Niu H-X and Liu H (2022) A
new technique for performing
interstitial implants for gynecologic
malignancies using transvaginal
ultrasound guidance.

Front. Oncol. 12:858620.

doi: 10.3389/fonc.2022.858620

© 2022 Yan, Yang, Chen, Wang, Niu,
Niu and Liu. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original author
(s) and the copyright owner(s) are
credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Oncology

Original Research
11 August 2022
10.3389/fonc.2022.858620

A new technique for performing
interstitial implants for
gynecologic malignancies using
transvaginal ultrasound guidance

Xiao-Jing Yan?, Yi Yang®, Xi Chen?, Shi-Guang Wang?,
Shu-Huai Niu?, Hui-Xian Niu® and Hong Liu®*
tGynecology and Obstetrics Ultrasound Department, The Fourth Hospital of Hebei Medical

University, Shijiazhuang, China, ?2Department of Gynecologic Oncology, The Fourth Hospital of
Hebei Medical University, Shijiazhuang, China

Objectives: This study concerns a new technique that aims to achieve precise
interstitial brachytherapy of pelvic recurrent tumors under transvaginal
ultrasound (US) guidance, enhance the conformity index of the
brachytherapy (BT), and improve the curative effect of radiotherapy for
gynecological oncology patients with pelvic relapse.

Methods: A real-time transvaginal US-guided interstitial implant device was
developed to assist in implant BT. Prior to implant brachytherapy, the size and
location of the tumor in the pelvis and the interrelationship with adjacent
organs were first assessed with intracavitary ultrasound. The transvaginal US-
guided interstitial implant device was then placed on the endoluminal
ultrasound probe, the probe was oriented intravaginally to determine a safe
needle path, the implant needle was placed into the needle passage of the
device, and the implant needle was inserted into the tumor tissue in the
direction guided by the ultrasound puncture guide line. After the implant
needle was placed in place, the cover of the transvaginal US-guided
interstitial implant device was opened perpendicular to the ultrasound probe,
and the needle was separated from the ultrasound probe smoothly, and then
the cover was re-covered for subsequent implantation.

Results: In this study, 56 patients who underwent real-time transvaginal
ultrasound-guided implantation for gynecologic oncology were enrolled, and
insertion of 736 implant needles was completed. Among them, 13 patients had
recurrent pelvic tumors after cervical cancer surgery and 6 patients had
recurrent pelvic tumors after endometrial cancer surgery. Thirty-two patients
who underwent radical radiation therapy for cervical cancer did not have
adequate regression of parametrial invaded tissue after completion of
standard EBRT treatment; and 5 patients had recurrent tumors in the
radiation field after previous standard course of pelvic radiotherapy. The
accuracy of the implant therapy was improved. The radiotherapy dose for
recurrent pelvic masses was successfully increased, and the cumulative dose of
external irradiation combined with BT was augmented to 80-100 Gy. The use
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of a new device for transvaginal implant for recurrent masses located in the
lateral wall of the pelvic cavity was successful.

Conclusion: This intravascular US-guided interstitial implant device can realize
interstitial implant with the shortest path under transvaginal US guidance. With
convenient operation, high precision, and good security, the device not only
improves the accuracy of implant therapy, but it also reduces the risks of
anesthesia and organ injury, so it is suitable for widespread promotion and use.

KEYWORDS

interstitial brachytherapy radiotherapy, ultrasound guidance device, gynecological
oncology, new technique, performing interstitial implants

Introduction

The treatment of recurrent pelvic tumors is a great challenge
for clinicians regardless of whether surgery or radiotherapy is
performed. The latter plays a very important role in
gynecological oncology treatment (1-3), and its advantages
over surgical treatment are that it reduces trauma, avoids the
risks of anesthesia, and preserves the integrity of adjacent
organs. With the widespread development of medical image-
guided three-dimensional (3D) interstitial implant radiotherapy,
the therapeutic effect in patients for whom intensity-modulated
radiation therapy is unsuitable has been greatly improved. The
precision of interstitial brachytherapy (ISBT) has allowed for an
increase in the radiotherapy dose of pelvic masses, thus
improving the radiotherapy efficacy for these patients (4).
However, radiotherapy doctors have always had to address the
difficulty of choosing the best implanting needle placement path
to achieve precise positioning and needle placement for small
pelvic lesions and masses near the pelvic wall and realize better
target conformal implant therapy. Published studies to date
focus on 3D-printing non-coplanar template (PNCT)-assisted
computed tomography (CT)-guided ISBT-technology or bare-
handed operator implantation (5-7). 3D-PNCT technology is
not only time-consuming, but it also requires anesthesia,
increasing the patient’s pain and the level of risk. On the other
hand, bare-handed implantation is difficult, requiring highly-
experienced clinicians, and, in particular, the level of precision is
low, and repeatability is poor, for small pelvic lesions. In
addition, neither the 3D-PNCT positioning technique nor
bare-handed implantation can be done under visual
conditions, so there is a high risk of organ injury (8).
Ultrasound (US), however, has some unique advantages in
brachytherapy (BT) the most important advantage of
ultrasound guidance is its real-time nature., and, thus, it is an
important imaging modality in BT. High-dose prostate implant
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radiotherapy under transrectal US guidance has been widely
used, but the same approach using US can also be applied in
gynecological tumor therapy (9).

Transvaginal pelvic puncture has the advantages of a shorter
path and less pain, and it requires no anesthesia. Traditional
transvaginal treatment requires exposure of the vagina with a
speculum, but the use of a speculum restricts the operation
angle. Even if the needle is tilted to the maximum angle, it
cannot approach the area of the pelvic wall. It has therefore
generally been believed that transvaginal implant treatment of
tumors near the lateral wall of the pelvic cavity is not feasible.
Thus, for masses located in the pelvic wall region, performing a
transvaginal interstitial implant to achieve a radiotherapy boost
has not been considered possible. However, a transvaginal pelvic
US examination does not require the use of a speculum, and the
elasticity of the vaginal wall can be utilized so that tumors
located in various positions within the pelvic cavity can be
observed. It was this principle that was used by the
gynecologic oncology radiotherapy team at the Fourth
Hospital of Hebei Medical University to develop a transvaginal
US-guided puncture bracket for puncture and needle placement
under real-time US guidance in the treatment of female pelvic
tumors with ISBT. The new device successfully solved the above-
mentioned clinical difficulties. This paper describes the structure
and function of the puncture guide bracket, as well as outlining
its preliminary application results in the clinical treatment of
gynecological tumors with ISBT.

Materials and methods

In this study, 56 patients who underwent real-time
transvaginal ultrasound-guided implantation for gynecologic
oncology in the Department of Gynecologic Oncology at the
Fourth Hospital of Hebei Medical University were enrolled, and
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the insertion of 736 implant needles was completed. Among
them, 13 patients had recurrent pelvic tumors after cervical
cancer surgery and 6 patients had recurrent pelvic tumors after
endometrial cancer surgery. Thirty-two patients who underwent
radical radiation therapy for cervical cancer did not have
adequate regression of parametrial invaded tissue after
completion of standard EBRT treatment(45-50 Gy in 25-28
fractions); and 5 patients had recurrent tumors in the radiation
field after previous standard course of pelvic radiotherapy.

The transvaginal US-guided puncture bracket for interstitial
implant was made of medical materials, using injection molding,
and was produced in strict accordance with the principle and
structure characteristics of the patent (Patent No.:
ZL 202010532524.0).

The structure of the guide device

The transvaginal US-guided puncture bracket for interstitial
implant consists of a fixed part and a detachable part, the former
being the base of the puncture bracket, and the latter the cover
plate of the puncture needle (Figure 1). The base of the puncture
bracket is connected to the transvaginal US probe by mechanical
grip force and a convex-concave groove, which is tightly coupled
with the ultrasonic probe to fix the needle passage. The base is
equipped with a needle passage for the implantation needle,
which has a diameter of 1.7 mm, and there are two slide rails on
both sides of the passage. The bracket base has four grooves in
which to fix the upper detachable cover plate. As a detachable
unit, the cover plate can be installed and separated using the
slide rail, and the end is designed with a handheld operation
apophysis to facilitate separation of the cover plate (Figure 1).

The device capabilities

The puncture bracket is suitable for use with an implant
needle with a diameter of 1.5 mm and a length of 20 cm. In
clinical treatment, the US doctor first adjusts the US instrument
to the puncture guide state, places a US probe with a puncture
bracket (Figure 2) in the patient’s vagina, and adjusts the
direction of the probe to find the needle entry path through
which the pelvic masses can be clearly displayed and blood
vessels and important organs can be avoided. Then, the surgeon
places the needle into the needle passage of the puncture bracket
and directly places the needle into the tumor tissues to the top
boundary of the tumor along the US puncture guide line. After
the implant is completed, the surgeon lifts the cover plate
upward, and the sonographer presses the ultrasonic probe
gently in the opposite direction at the same time, so that the
needle can be easily separated from the puncture bracket. The
surgeon can withdraw the probe outwards, reinstall the cover
plate, reposition the needle, and place it back into the vagina
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several times. The tumor size was evaluated by MRI, CT and
ultrasound before surgery. Approximate tumor volume and the
number of implanted needles required before implantation
therapy. For larger tumors, this method can be used to place
multiple needles into the tumor tissues through the vagina.

Clinical application
Patient characteristics

Between 2020 and 2021, a total of 56 patients with
gynecological oncology received real-time transvaginal US-
guided implant therapy (Table 1). The indications for ISBT
were as follows: 1) patients with pelvic relapse after
gynecological oncology surgery who still had residual pelvic
mass after completing pelvic external beam radiation therapy
(EBRT); 2) patients with cervical cancer who had completed
standard EBRT treatment without sufficient regression of the
parametrial invaded tissues; and 3) patients with recurrence in
the radiation field after a previous standard treatment course of

FIGURE 1

Structure diagram of a transvaginal ultrasound-guided
puncture bracket. (A) the side of the main body and cover plate
of the puncture holder; (B) cross section of piercing rack; (C)
Internal structure of the puncture holder body.
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FIGURE 2

Implant therapy with the puncture bracket under transvaginal ultrasound guidance.

pelvic radiotherapy. The treatment schedules were as follows: 1)
patients received EBRT + ISBT treatment, consisting of whole
pelvis EBRT with a dose of 45-50 Gy with conventional
fractionation (1.8-2.0 Gy), followed by two ISBT implant
sessions one week with an accumulated dose of 18-28 Gy. The
cumulative radiotherapy dose (equivalent dose in 2 Gy [EQD2])
was 80-100 Gy after conversion; 2) patients who had previously
received pelvic cavity radiotherapy only received ISBT treatment
in the second radiotherapy, comprising one weekly session of
ISBT implant with a dose of 7 Gy and an accumulated dose of
40-60Gy after EQD2 conversion. Weekly chemotherapy with
cisplatin 40 mg/m2 was also given to suitable patients who with
ECOG (Eastern Cooperative Oncology Group) score of 1-2
during EBRT.

The ISBT treatment procedure

Before the implant therapy, the patients underwent a
transvaginal US assessment. Enteroclysis was performed
the night before and on the day of treatment to reduce the
interference of feces with the US. The patient was put in the
lithotomy position during treatment. The vulva and vagina were
routinely disinfected, and an indwelling catheter was used to
inject 60-100ml normal saline into the bladder, facilitating
transabdominal US observation of the pelvic structure. A
sterile isolation sleeve was placed over the ultrasonic
intracavity probe, and then the puncture bracket was placed
on top of the sterile sleeve and fixed onto the probe. The US
probe was placed into the vagina, clearly displaying the size,
shape, relationship of the tumor to surrounding tissues, and the
vascular route, which could then be observed and evaluated. In
order to obtain better target area conformability, after designing
the position, number and safe approach path of the implant
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TABLE 1 Patient characteristics.

Characteristics Median (range) n =56 (100%)

n %
treatment age 61 (35-71)
FIGO stage (cervical cancer)
1A 2 3.6
1B 5 8.9
ITA 6 10.7
1IB 16 28.6
1B 18 32.1
IVA 3 54
FIGO stage (endometrial cancer)
1A 1 1.8
1B 1 1.8
I 0 0
IITA 0 0
111B 0 0
IIIC1 3 54
Ic2 1 1.8
Maximum recurrence tumor diameter (cm) before ISBT
<4 cm 12 214
>4 cm 7 12.5
Histology
Squamous carcinoma 47 83.9
Adenomatous carcinoma 9 16.1
Pathology details
Gradel-2 21 37.5
Grade3 30 53.6
Unclassfied 5 8.9
Hemoglobin before ISBT (g/L)

(Continued)
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TABLE 1 Continued

Characteristics Median (range) n =56 (100%)
n %

<7 4 7.1

>7 52 92.9

Time to postoperative recurrence(mouth)

<6 5 8.9

>6 14 25

Postoperative recurrence site

Central recurrence 8 14.3

Peripheral recurrence 11 19.6

Previous RT

Yes 5 8.9

no 51 91.1

EBRT modility (Gy)

ISBT only 5 8.9

ISBT+EBRT 51 91.1

EQD2 (Gy) Median

<85 11 19.6

285 45 80.4

Chemo

With chemo 52 929

Without chemo 4 7.1

ISBT, interstitial brachytherapy; EBRT, external beam radiotherapy; EQD2, equivalent
dose in 2 Gy fractions; FIGO, The International Federation of Gynecology and Obstetrics;
SCC, squamous-cell carcinoma antigen.

needles, the operator placed the implant needles into the tumor
tissue along the ultrasound-guided line through the needle
passage in the puncture bracket to the target tumor area. The
optimal position of the needle tip was observed in real time using
the US (Figure 2) and the desired number of needles were
inserted for adequate coverage of the target area. After US-
guided puncture and needle placement, image-guided
brachytherapy was planned using Oncentra Brachy. The CT
scan with a layer of 3mm is used for precise positioning, and the
CT image obtained by the scan is transmitted to the treatment
planning workstation through the network. Doctors determine
target volume and risk organs based on CT images. At the same
time, combined with whether there is abnormal bleeding after
needle extraction, check whether there is damage to adjacent
organs during the operation.

Results

All the patients were generally speaking in good health at the
time of relapse although six of them had complained of sciatica.
The period of time from the beginning of the external radiation
therapy to the end of the BT was no more than eight weeks, the
range being from four to eight weeks. All the treatment
procedures went to plan, and the average duration of the
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implant operation was 15 min (7-31 min). The cumulative
radiotherapy dose of external irradiation combined with BT
was 80-100 Gy. Thirteen of the patients in this study, who
received implant therapy, had recurrent pelvic tumors after
cervical cancer surgery and six had recurrent pelvic tumors
after endometrial cancer surgery, and five of the 19 patients had
recurrent tumors in the radiation field where they had received
prior radiotherapy. The other 37 cases were locally advanced
cervical cancer patients. Patients who relapsed in the pelvic
radiation field only received ISBT treatment, but all the others
received standard EBRT therapy initially and then ISBT, as well
as concurrent chemotherapy with cisplatin.

EQD2 at the ISBT implantation site was 88 Gy (range 80-00
Gy). A total of 736 needles were placed in the 56 patients under
transvaginal US guidance, and the satisfaction rate of
implantation was as high as 91%. Some needles were
considered to be ineffective because the spacing between the
needles was too close for all the needle passages to provide an
effective dose. Postoperative pelvic recurrent lesions in 8 cases
were located in the center of the pelvic cavity, and the lesions in
11 cases were located in the lateral pelvic cavity. The median
lesion volume was 37.7 cm’ (range 2.6-237.8 cm?). No side
effects, such as perforation of the bladder or bowel or severe
bleeding, occurred during the operation (see Table 2).

Figure 3 shows implants in the lateral wall area of the pelvic
cavity, beside the ureter, large pelvic masses, and the parametrial
invasion area of cervical cancer. CT images were used to verify
the accuracy and safe use of the needle.

Discussion

One study by the International Federation of Gynecology
and Obstetrics showed that the relapse rates of cervical cancer
patients in Phases Ib and IIa were 10% and 17% respectively, and
35% of the postoperative relapse lesions were located in the
pelvic cavity. The relapse rates of patients in Phases IIb, III, and
IVa were 23%, 42%, and 74%, respectively (10-12). While some
patients with locally relapsed or localized metastatic disease can
be cured through surgery or radiotherapy, most patients cannot.
The 5-year overall survival (OS) rate of patients with cervical
cancer relapse is only 3.2%-16.5% (13-15), and that of patients
with endometrial cancer relapse is 40% (16). Improving the
therapeutic effect in patients with gynecological oncology relapse
and patients with local advanced cervical cancer through the
improvement of radiotherapy technology is an issue that
radiotherapists are eager to address. BT plays a very important
role in the treatment of gynecological tumors (17). For patients
with large tumors (diameter >4 cm), or severe parametrial
invasion, as well as recurrent tumors located in various parts
of the pelvic cavity, the intracavitary BT technique cannot be
used to give high-dose radiation to the target area, and it is better
to use implants. With the widespread development of image-
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TABLE 2 Recommended and achieved dose—volume parameters for ISBT.

Dose-volume parameters Recommended
CTV (em?)

Catheters

V100 (%) >90

D90 (%) >100
Rectum D2cc (Gy) <75
Bladder D2cc (Gy) <95

The small intestine D2cc (Gy) <75

COIN

All achieved parameters are presented as median (range).

10.3389/fonc.2022.858620

Achieved
3 fraction 4 fraction 5fraction
8.15 42.53 113.53

4 8 10

96.5 91.4 89.8
(92-99.1) (62.8-99.3) (46.3-98.1)

104.1 101.3 98.1
(90.1-117.9) (85.5-113.2) (70.8-111.6)

712 73.1 74.9
(53.5-80.1) (62.3-79.8) (59.3-81.2)

83.2 85.4 91.3
(61.1-93.2) (72.3-94.2) (81.8-96.9)

61.2 71.1 73.2
(42.5-73.1) (59.3-78.8) (62.3-81.2)
0.72 + 0.02 0.61 + 0.01 0.53 + 0.01

V100, volume receiving 100% of the prescribed dose; D90, dose received by 90% volume of HRCTV; COIN, conformity index.

guided interstitial implant radiotherapy in recent years, more
and more patients who need elevation of the radiotherapy dose
for a local tumor, which cannot be achieved in traditional two-
dimensional or three-dimensional BT, have had the opportunity
of being cured (18, 19). However, the coverage of the ISBT target
area of some tumors is not always adequate due to the range of
difficulty in implant therapy in different parts of the tumor and
in the doctors’ skills. In order to protect the organs involved, the
need for precision is even greater when radiotherapy is chosen a
second time for the treatment of recurrent tumors in the
radiation field. Thus, improving the precision of implant
radiotherapy is the key to addressing the issue of the
conformal degree of tumor covered by the radiotherapy target
area, and it is a clinical problem that needs an urgent solution.
Even if the image-guided 3D interstitial implant radiotherapy is
used, it is still difficult to achieve visual implantation under
accurate and real-time transvaginal guidance. Bare-handed
transperineal or transvaginal implants require the surgeon to
choose the needle entry position and angle based on their
experience and with reference to the physical examination and
imaging evaluation of the patient. This requires a highly-skilled
surgeon, and it can be difficult for even experienced clinicians to
perform the operation with precision every time, and
repeatability tends to be poor. In addition, there is a lag in
verifying whether the needle is in place, and the needles may
have to be removed and replaced or further adjusted as required.
For tumors located in the center of the pelvic cavity, there is also
a higher risk of damage to the bladder and rectum because of
their proximity. 3D-PNCT positioning and implant technology
involves relatively complicated procedures, the operation is
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time-consuming, usually requiring anesthesia, and the needle
path cannot be freely chosen. Since blind bare-handed implant
technology has limited accuracy and poor repeatability, it is
difficult to widely promote this technology in clinical practice.
It has been found that that the main reason for the inability
of transvaginal insertion of the needle around the pelvic cavity
during clinical treatment is that the possibility of vaginal
extension and torsion is limited by the use of a vaginal
speculum. Thus, even the maximum tilt angle cannot allow for
needle entry from the vagina into the lateral wall area of the
pelvic cavity. However, without the speculum, vagina extension
and torsion are possible, and it was these characteristics of the
vagina that led to the development of a puncture bracket that can
be guided by real-time vaginal US and separated from the needle.
Transvaginal US was used as a guide because intravaginal US is
closer to the tumor in the pelvic cavity than abdominal US, with
a shorter puncture path and a smaller risk of damage. Moreover,
the probe has a higher resolution ratio and sharper images. The
US probe can display all the pelvic structures in the area of
interest in real time during implantation, and the surgeon can
place the needle into the target area under real-time visualization
(9). The sagittal section of the US probe is crucial in the
implantation process because it can show the optimal
puncture path, and the images can also be used to assess the
overall length of the target area, which will help determine the
length of the needle. Transabdominal US cross-section imaging
is performed alternately during the process to ensure that the
needle is covering the target area and that it does not enter the
bladder, rectum, or small intestine. The intraluminal ultrasound
probe can visualize the border of the pelvic mass at a depth of 7
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to 8 cm from the top of the probe, as well as the bowel and blood
vessels near the mass. During the operation, the needle insertion
route of blood vessels and organs at risk will be avoided, and the
implantation needle will be placed near the tumor boundary
without penetrating the tumor tissue. In addition, the separation
of the puncture bracket and the needle can be done after the
needle is inserted into the tumor tissues so that the subsequent
BT can be completed. This technology can avoid the complex
pre-planning of 3D-PNCT technology or the uncertainty of
bare-handed implantation. More importantly, a precise
transvaginal implant for masses in the lateral wall area in the
pelvic cavity can be achieved with the shortest path. It has been
reported that transrectal US real-time guidance was used in the
implant treatment of gynecological oncology, while relying on
Syed template implant technology. This method requires a
speculum in the operation process, but it is also faced with the
problem that some masses around the pelvic cavity cannot be
treated with transvaginal implantation. Besides this, the
operation is relatively complex and so the Syed template and
needle insertion may take an additional 30 to 120 min, which
means the whole operation reportedly takes 45 to 165 min (20).
However, the new detachable puncture bracket for the
transvaginal US-guided implant technology significantly
shortens the operation time and makes the operation
more feasible.

It has been observed that the advantages of transvaginal
needle insertion over transperineal needle insertion are as
follows: 1) the path of the needle is much shorter, the patient
feels little pain, and there is no need for anesthesia (Figure 3); 2)
with a high degree of precision, masses larger than 5 mm can be
shown using US, and the positioning puncture can be completed
in a visualized manner under real-time guidance; 3) it is easy to
perform so general resident doctors can carry out the therapy
with the assistance of US doctors; and 4) the safety of the implant
therapy is greater, and the likelihood of injury to adjacent organs
is considerably lower. CT-guided 3D-PNCT therapy does not
compare favorably with transvaginal needle insertion for the
following reasons: 1) 3D-PNCT technology requires a treatment
plan, which is time-consuming; 2) the cost of 3D-PNCT is high,
and the operation is relatively complex; 3) anesthesia is required,
and the needle inserting route cannot be freely chosen; 4) real-
time operation cannot be achieved; and 5) the positioning
advantage for smaller lesions is inferior.

In this study, 56 patients meeting the conditions for implant
therapy were chosen, including patients with a local cervical
tumor diameter greater than 4 cm after external irradiation,
severe parametrial invasion, and pelvic relapse after
gynecological oncology. A total of 736 needles were inserted
under transvaginal US real-time guidance with an intracavity
probe puncture bracket. The average duration of implantation
was 15 min (7-31 min), and the cumulative dose of external
irradiation combined with BT was 80-100 Gy. The arrangement
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FIGURE 3

Transvaginal needle placement with the detachable puncture
bracket. (A, B) Schematic diagrams of the pelvic cavity
comparing the length of paths of transvaginal and perineal
needle insertion; (C—F) Positron emission tomography/
computed tomography (CT) shows recurrent lesions adjacent to
the right ureter in the pelvic radiation field after cervical cancer
surgery; ultrasound shows real-time ultrasound-guided
transvaginal insertion of a needle into the tumor tissues; CT
shows an accurate implant result and highly conformal high-risk
clinical target volume; (G-I) CT shows the large pelvic mass
implant; (3, K) Implant therapy for the periuterine invasion of
cervical cancer. The needles indicated by the red arrow in the
figure are the sites that can be implanted using a detachable
puncture bracket under transvaginal ultrasound real-time
guidance.

effect of all the needles was assessed, and the satisfaction rate of
implantation was as high as 91%. Certain needles were
considered to be ineffective because the spacing between the
needles was too close for all the needle passages to provide an
effective dose. There were no side effects, such as perforation of
the bladder or bowel or severe bleeding, during the operation.
For small tumors, ISBT is usually administered once a week,
totaling 34 sessions of ISBT treatment. Due to the small size of
the tumor and the high precision of the implant, the mean values
of V (volume) 100 and D (dose) 90 for each treatment at the dose
tolerable to the adjacent organ met the requirements of the
prescription plan. For patients who received five sessions of ISBT
treatment, the V100 of some patients failed to meet the
requirement of >90%, usually due to the large size of the
tumor or its location close to the rectum and bladder. While
magnetic resonance imaging (MRI) and US can show the
structure of a tumor in 3D and clearly display the extent of a
cervical lesion, it is difficult for CT to accurately distinguish the
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size and shape of a tumor, and it cannot accurately delineate the
upper boundary of any cervical cancer, which means there may
be overestimation with respect to the left and right sides of the
tumor (21). MRI is used routinely in the diagnosis of cervical
cancer due to its increased sensitivity compared to CT, and its
use in gynecologic brachytherapy planning is also gradually
increasing (22). At present, MRI images are used in most
studies of intracavitary radiotherapy around the world, and the
European Society for Radiotherapy and Oncology and the
American Society for Radiation Oncology recommendations
are also based on MRI. Nevertheless, with respect to the
current radiotherapy procedures used in China, for reasons of
economy and convenience, CT is still the most commonly used
method. Thus, the high-risk clinical target volume delineated in
this study may have been larger than the actual tumor volume,
and the actual ISBT parameters, including the conformal degree
of the target area and the actual tumor volume irradiated at the
prescribed dose, may have been better than the results shown in
the data analysis.

To sum up, the use of interstitial implant technology under
transvaginal US guidance eliminates both the inaccuracy of
inserting needles without visual guidance and the risk of injury
to adjacent organs. It also overcomes the time-consuming problem
of pre-planning experienced with the use of CT or MRI At the
same time, the best and shortest path can be selected to achieve
high-precision implant therapy. This treatment method also allows
for the placement of multiple needles, is simple to operate, and
eliminates the need for anesthesia. It is now necessary to investigate
how a more effective placement of needles in 3D can be made
possible so that larger and more irregularly-shaped masses can be
treated successfully using this technique.
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