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Abstract

Purpose: To investigate the role of transrectal ultrasound guidance in interstitial brachytherapy for cervical cancer.

Material and methods: Forty-eight patients who underwent interstitial brachytherapy treatment for cervical cancer
between January 2017 and January 2018 were enrolled in the study. The distances between each inserted needle and
the lesion were measured at seven sites by ultrasound (D1-D7) and compared to the corresponding distances (M1-M7)
when visualised with nuclear magnetic resonance imaging (MRI). Measurements were paired on the basis of the obser-
vation sites, e.g. D1 and M1, D2 and M2. The statistical differences, intraclass correlation coefficients (ICCs), and linear
relationships for the paired measurements were calculated.

Results: No significant differences were found between the paired M and D measurements, with all ICCs showing

high levels of concordance (0.81-0.93).

Conclusions: Transrectal ultrasound showed strong agreement with MRI results in determining the position of the
inserted needles. Transrectal ultrasound is a useful tool for guided interstitial brachytherapy and is appropriate for
widespread use in the treatment of locally advanced cervical cancer.
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Purpose

Cervical cancer, one of the most common malignant
tumours of the female reproductive system, has high
morbidity and mortality [1]. Early cervical cancer is typ-
ically treated with surgery, while patients intolerant to
surgery or with advanced cancer are often administered
radiotherapy combined with chemotherapy [2]. Radiation
treatment methods include external and brachytherapy;
of these, brachytherapy has unique dosimetric advantages
and plays a key role in radical treatment [3,4]. However,
for patients with irregular tumour shapes or larger lesion
ranges, simple intrauterine brachytherapy cannot meet
the dosimetric requirements of radical radiotherapy, and
close-range interstitial brachytherapy is needed [5,6].

Interstitial brachytherapy is an invasive operation,
and its most important consideration is to ensure the safe-
ty of the patient and accuracy of needle insertion [7,8].
Therefore, several image guidance methods have been
proposed. Previous studies have confirmed that real-time
ultrasound guidance during insertion can improve safe-
ty and reduce complications [9]. However, while the use
abdominal ultrasound-guided insertion has been reported

in many cases recently [10,11], there are a lack of data
regarding the safety and efficacy of transrectal methods.
Abdominal ultrasound-guided needle insertion is sus-
ceptible to hindrance caused by factors such as intestinal
gas, obesity, and posture, and images may be not clear
enough for clinical use [12,13]. However, while transrec-
tal ultrasound provides clearer images of the structure of
the uterus and surrounding tissues and guides insertion
of the needle, there are few reports in the literature on
the accuracy of this process. In our hospital, interstitial
brachytherapy of cervical cancer guided by abdominal
ultrasound and transrectal ultrasound has been used for
many years [14]. This study compared the accuracy of
transrectal ultrasound-guided needle insertion to mag-
netic resonance imaging (MRI)-guided insertion in inter-
stitial brachytherapy for locally advanced cervical cancer.

Material and methods

Patient selection

Forty-eight patients with cervical cancer treated in
the radiation therapy department of our hospital be-
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tween January 2017 and January 2018 were recruited as
subjects. The patients were between 35 and 72 years of
age (average age 59 7 years) and had been diagnosed
with cervical squamous cell carcinoma (45 cases), cervical
adenocarcinoma (one case), or cervical adenosquamous
carcinoma (two cases). The disease stages were Ila2
(two patients), IIb (five patients), IIla (two patients), and
IIIb (39 patients).

The inclusion criteria were: 1) locally advanced cer-
vical cancer with completed external irradiation treat-
ment and non-obvious tumour regression, non-obvious
parametrial infiltration regression, eccentric lesions, or ir-
regular tumour shape after regression, 2) treatment with
a Utrecht Applicator (NUC, Fernandal, Netherlands) and
matching interstitial needles, and 3) MRI image localisa-
tion performed after the needles were inserted.

We excluded patients: 1) with severe heart and lung
diseases, 2) with a history of hysterectomy, 3) for whom
it was impossible to insert an intrauterine tube, 4) who
could not undergo transrectal ultrasound, such as those
with acute inflammation or injury around the rectum
and anorectal stenosis, 5) who could not undergo an MRI
examination, such as those with ferromagnetic implants
in vivo or claustrophobia, and 6) who could not afford an-
aesthesia or treatment.

Research methods

A pre-treatment plan was made according to the con-
dition of each patient. Patients fasted for 8-12 hours before
the brachytherapy procedure and then underwent bowel

and preoperative preparation. After being placed under
general anaesthesia, the patient was placed in the lithotomy
position, and the uterus was probed under abdominal ul-
trasound guidance. All ultrasound images were recorded.
We used a CA541 abdominal probe (Esaote, Genoa,
Italy) to calculate the angle of the uterine cavity. Based
on this angle, a suitable intrauterine tube and the Utrecht
applicator, with ovoids of different angles and interstitial
needles (Figure 1A), were inserted and adapted to the
vaginal angle. The angle 0 between the interstitial needle
and the intrauterine tube was equal to the difference be-
tween the angle of the intrauterine tube and the angle of
the ovoids used in the patient (Figure 1B). “D” parame-
ters were calculated as the distance between the insertion
point of the interstitial needle and various surfaces of the
ovoid (Figure 1C). The interstitial needle was subsequently
guided by transrectal ultrasound with a TRT33 transrectal
double-plane probe (Esaote, Genoa, Italy). In the insertion
process, the interstitial needles were numbered according
to the uniform order (Figure 1D). During the longitudinal
scan, the probe was inserted about 10.0 cm into the rec-
tum and the ultrasonic sweep depth was set to 6.0 cm. Be-
cause of the long distance over which the probe entered
the rectum, and the inability to place the probe parallel to
the intrauterine tube due to the uterine angle, the scan was
performed along the direction of the interstitial needles.
During the insertion process, the angles and depth of the
needles were adjusted with reference to the ultrasound
and the pre-treatment plan. After insertion, the probe was
withdrawn about 5.0 cm to perform transverse scanning of
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Fig. 1. Utrecht interstitial applicator. A) The Utrecht applicator and the matching interstitial needles, B) There is an angle 6
between intrauterine tube and interstitial needle, 6 = the angle of intrauterine tube - angle of ovoids, C) There is a distance
“d” between the insertion point of interstitial needle and the surface of ovoid, D) Needle sequence for insertion on the ovoids
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the vertical intrauterine tube at the cervix. This was neces-
sary because the distance of the probe entering the rectum
was now shorter and the angle could be adjusted; thus, the
scan could be performed vertical to the intrauterine tube.
During the guiding process the probe was moved smooth-
ly in the rectum for scanning. Longitudinal and transverse
scanning were performed after insertion. To adjust for
postoperative patient movement, the position of the pa-
tient with the overall applicators was restored. MRI scans
(PHILIPS, Amsterdam, Netherlands, 3.0 T) were then per-
formed immediately, with the horizontal position scanned
perpendicular to the intrauterine tube [15,16,17].

The probe operator recorded distance measurements
for each needle after insertion, with all measurements tak-
enat1cm behind the needle tip. The measuring plane was
the cervical section immediately above the ovoids (above
the vaginal gas). Using the transverse diameter of the
cervix as a baseline, D1 was defined as the distance from
the needle to the ventral surface of the cervix, D2 was the
distance from the needle to the dorsal surface, D3 was
the distance from the needle to the left side, and D4 was the
distance from the needle to the right side. In the longitudi-
nal section, the measurement plane clearly showed the in-
serted needle and uterus, and the depth of insertion (D5)
in the vertical direction was calculated as the distance be-
tween the needle tip and the surface of the ovoid. D6" was
the distance between the needle and the ventral surface of
the uterus, while the distance between the needle and the
dorsal surface of the uterus was D7’ (Figure 2A). The mea-
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Fig. 2. Measurements of ultrasound data (D1-D7). A) Sche-
matic diagram of ultrasound D measurements, including
the measurements of D1-D5, D6” and D7’, and the relation-
ships of D6" and D6, and of D7’ and D7, B) Ultrasound im-
age of vertical transection of cervix, the measurements of
D1-D4, C) Ultrasound image of longitudinal section along
inserted needle, the measurements of D5, D6" and D7’

surements of the corresponding distances were obtained
from the specific ultrasound images (Figure 2B,C).

Based on D6’, D7/, and cos 6, the distance between the
needle and the ventral surface of the uterus was defined
as D6 = D6’ x cos 6, and the distance between the needle
and the dorsal surface of the uterus defined as D7 = D7’
x cos 0. For all measurements, the ultrasonic distance was
perpendicular to the needle, while the MRI distance
was perpendicular to the intrauterine tube (Figure 2A).

After the MRI examination, the radiologist, who did
not know the results of ultrasound-guided insertion pro-
cess, measured the relevant data for each needle from the
MRI images (Figure 3B-D). The cervical section immedi-
ately above the ovoids was the measuring plane, with the
transverse diameter of the cervix as the baseline. The dis-
tances from the needle to the ventral and dorsal cervical
surfaces and the left and right sides were designated as
M1-M4, respectively. In the sagittal or coronal position, M5
was the distance between the needle tip and the surface of
the ovoid. In the transverse section, the distance between
the needle and the ventral surface of the uterus along the
midpoint of the rectum was M6, while the distance be-
tween the needle and the dorsal surface of the uterus along
the midpoint of the rectum was M7 (Figure 3A).

Statistical analysis

Categorical data were calculated as numbers and
percentages and continuous data as means * standard
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Fig. 3. Measurements of MRI data M1-M7. A) Schematic diagram of MRI data M measurement, the measurements of M1-M?7,
B) MRI image of cervix transection, the measurements of M1-M4, C) In sagittal/coronal MRI images, the measurement of M5,
D) Cross-sectional MRI image of 1 cm behind the needle tip, the measurements of M6 and M7

deviations. Differences between the paired ultrasound
and MRI measurements were assessed by f-tests. The
consistency of measurement between the paired MRI (M)
and ultrasound (D) data, e.g. M1-D1 and M2-D2, was as-
sessed with intraclass correlation coefficients (ICC). An
ICC > 0 and < 0.10 was defined as no consistency, > 0.10
and < 0.40 was low consistency, 0.41 to 0.60 was moderate
consistency, and 0.81 to 1.00 was high consistency [18].
The linear relationships between M and D were analysed
by regression analysis, with a significance level of p < 0.05
considered statistically significant. All analyses were per-
formed using SPSS Statistics for Windows, version 22.0
(IBM Corp., Armonk, New York, USA).

Results
Complications

Among the 48 patients, 39 (81.3%) had pain after in-
sertion, six of whom (15.4%) had severe pain. In all pa-
tients, the pain was relieved after symptomatic treatment.

Seven patients (14.6%) developed haemorrhages, which
were relieved after symptomatic treatments such as lo-
cal dressing and compression. No patients experienced
puncture-related complications such as uterine perfora-
tion or damage to the surrounding organs.

Procedural methods

Based on the pre-treatment plans, 1-10 interstitial nee-
dles were required per patient, with insertion depths of
2-5 cm. All patients underwent needle insertion under
general anaesthesia, and a total of 337 interstitial nee-
dles were inserted. The average depth of insertion was
3.8 £0.7 cm in ultrasound images. The angles of intrauterine
tubes and ovoids for all patients are shown in Table 1.

Differences in M and D measurements

Analysis of data on the interstitial needles showed
that the M, D, and M-D measurements exhibited normal
distributions. No significant differences were observed
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between the M and D pairs (Table 2). Comparison of the
M and D measurements showed good consistency; the
lowest ICC was observed between M5 and D5 and was in
the high category (ICC = 0.805).

Discussion

Transrectal ultrasound guidance can directly deter-
mine the extent of lesions and the location of the area that
requires needle insertion. By adjusting the direction and
depth of the needle in real time, the accuracy of insertion
can be ensured. Furthermore, the probability of insert-
ing into surrounding normal tissue and the incidence of
complications, including uterine perforation and bladder
or colon damage, can be reduced [19,20]. There are few
studies comparing the results of ultrasound and MRI
after ultrasound-guided insertion [21,22]. MRI has been
used to scan the uterus and surrounding tissues, has good
resolution in soft tissue tumours, and is the main imaging
method used to delineate the target area in brachythera-
py, while transrectal ultrasound can be used to scan from
the rectum. Both are very good imaging methods, but
their scanning methods and mechanisms are different.
Theoretically, the measured results of M and D should
have good concordance. Reassuringly, there were no sig-
nificant differences between the results obtained by MRI
and ultrasound (Table 2). We also found good consisten-
cy between M and D for all groups, with the ICC rang-
ing between 0.81 and 0.99 (both considered high). These
results show that transrectal ultrasound guidance can be
used to accurately judge the position of insertion needles,
providing important assistance for clinical operation and
post-treatment, and a finding consistent with the theoret-
ical speculation and with other studies [23,24].

The determination of the spatial positions of the in-
terstitial needles requires observation from two different
planes. In this study, these two planes were: 1) the cervix
and 2) 1 cm behind the needle tip. The reasons are as fol-
lows: 1) The cervix is fixed and easy to identify. When
transrectal ultrasound is used to scan the vagina horizon-
tally, the vagina becomes filled with gas. When scanning
toward the head side, a reduction in gas can be observed,
together with the appearance of an annular hypoecho-
ic position, which refers to the cervix. In the MRI hori-
zontal scans, the head side of the ovoids was the cervix;

Table 2. Analysis of M and D

Table 1. Angles of Utrecht uterine tube and oval
body (n)

Uterine tube angle Oval body angle

15° 25°
15° 30 0
30° 14 1
45° 2 1

2) The actual insertion depth of each interstitial needle
was 1-5 cm, and the observation position was 1 cm be-
hind the needle tip, which was convenient and easy to
identify. In both planes, horizontal MRI scanning was
used for observation. Ultrasound of the cervix used the
horizontal scan, while the plane 1 cm behind the needle
tip was accurate only in the longitudinal scan. This is be-
cause there were no obvious changes in horizontal ultra-
sound images near the needle tip, which can determine
that the cross-section was on the needle body but cannot
locate the exact position of the needle. However, longitu-
dinal scanning along the inserted needle showed the full
length of the needle and clearly determined its position.

There were no significant differences in M and D
among the groups; however, the ICC of M and D in dif-
ferent sections varied. The ICC of D1-D4 with the related
MRI measurement data were all > 0.90. Because the cer-
vix plane is relatively fixed, the lower part is vaginal gas
and the gas echo at the cervix plane disappeared; thus,
the ultrasonic cross-section could clearly determine the
position of the cervix and measure D1-D4. MRI can also
determine this plane, and the distances of the needles can
be measured to obtain M1-M4. Compression of the rectal
probe during ultrasound scan and changes in body posi-
tion during MRI can affect the consistency of the two sets
of data; however, the effects are small, with the results
of this study showing high levels of consistency between
D1-D4 and M1-M4 [25,26,27].

During insertion, the depth of insertion was de-
termined according to the ultrasound images and the
pre-treatment plan. The planned depth of insertion
ranged from 2 to 5 cm; the actual insertion depths (D5
and M5) were smaller than planned due to the strength

Groups M (cm) D (cm) |[M-D| (cm) t* p* Icc#

M1-D1 1.228 +0.632 1.261 +0.621 0.034 +0.319 1.897 0.059 0.931
M2-D2 1.489 +0.752 1.501 +0.747 0.013 +0.391 0.591 0.555 0.927
M3-D3 2.522 +1.156 2.562 +1.195 0.041 +0.439 1.708 0.089 0.964
M4-D4 1.797 £1.247 1.825 +1.235 0.026 +0.305 1.647 0.100 0.985
M5-D5 3.721 £0.849 3.684 +0.704 0.037 +0.630 1.079 0.281 0.805
M6-D6 0.805 +0.602 0.885 +0.540 0.080 +0.426 1.351 0.183 0.839
M7-D7 1.368 +0.813 1.357 +0.708 0.012 +0.504 0.424 0.672 0.877

*is the t-value and p-value of the paired t-test for M and D, *is the intraclass correlation coefficient (ICC) of M and D
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of insertion, as well as tissue hardness, elasticity, and de-
gree of fibrosis. In addition, D5 measured by transrectal
ultrasound in the longitudinal section was the distance
from the needle tip to the surface of the ovoid. There was
a certain distance between the inserting point of the nee-
dle and the surface of the ovoid, making D5 smaller than
the actual insertion depth (Figure 1C). At the same time,
the horizontal position of MRI was scanned perpendicu-
lar to the intrauterine tube. The interstitial needle might
not have been located in the eccentric or coronal position
due to being blocked by the tissue, which also made it
difficult to measure the actual M5 insertion depth. There-
fore, the comparison between D5 and M5 showed a larger
deviation and the lowest ICC (0.81).

In this study, the planned depth of each needle was
2-5 cm. In the longitudinal scan, if the probe was parallel
to the intrauterine tube, the vertical distance between the
probe was the distance vertical to the intrauterine tube.
In the actual operation, the probe entered the rectum over
a long distance, making it difficult to maintain parallel
to the intrauterine tube due to the uterine angle, rectal
position, and intestinal gas. However, exploration along
the direction of the needle was relatively easy and clearly
showed the full length of the needle. The angle 0 between
the line D6 to D7’ and the line D6 to D7 was equal to
the angle of the intrauterine tube minus the angle of the
ovoids, D6 = D6" x cos 6, D7 = D7 x cos 0 (Figures 1B
and 2A). MRI can identify the cross-section 1 cm behind
the tip, and transrectal ultrasound scans are performed
from the centre of the rectum. Therefore, M6, the distance
between the needle and the ventral surface of the uterus,
and M7, the distance between the needle and the dorsal
surface of the uterus, can be measured along the line be-
tween the centre of the rectum and the needle. The ICCs
between M6 and D6 and between M7 and D7 were high:
0.84 and 0.88, respectively. Likely reasons that the concor-
dance was not perfect include the following: 1) During in-
traoperative insertion, the angle, direction, and position
of the transrectal ultrasound probe required adjustment,
so the rectum might have deviated from its normal posi-
tion but returned during the MRI; 2) The MRI layer thick-
ness was 0.5 mm; thus, the measurement plane might not
always have been accurately positioned 10 mm behind
the needle tip while on an adjacent plane; 3) During actu-
al insertion, the needle may have been displaced due to
external forces such as tissue hardness, which may have
changed the angle 6.

Based on the measurements between transrectal ul-
trasound and MR, this study concluded that transrectal
ultrasound and MRI had good concordance in determin-
ing the location of the interstitial needle and can play an
important role in the layout of needles in a lesion without
touching normal surrounding tissues. In addition, ultra-
sound guidance has the advantages of convenience, con-
sistency, low cost, and no radiation. Due to the limitation
of the sample size in the present study, additional studies
with large sample sizes are required. In addition, com-
parative studies are needed of the long-term therapeutic
effects, occurrence of complications, treatments using
different ultrasound-guided applicators, determination

of ultrasound-assisted tumour active areas, and further
assessment of the accuracy of target area imaging by ul-
trasound [9,10,28,29,30].

Conclusions

In summary, transrectal ultrasound shows good
agreement with MRI results in determining the position
of the interstitial needle. The images provided accurate
information regarding where to insert the needle and
how to avoid damage to high-risk areas. Transrectal ul-
trasound should be considered an appropriate and prac-
tical method of needle insertion guidance during inter-
stitial brachytherapy of locally advanced cervical cancer.
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