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Use of transrectal ultrasound for high dose rate interstitial

brachytherapy for patients of carcinoma of uterine cervix
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Objective: Transrectal ultrasound (TRUS) has been widely used for guiding prostate implants, but not much for
interstitial brachytherapy (IBT) of cervix cancer. The aim of our study is to report our experience with TRUS guided
high dose rate (HDR) IBT in patients with carcinoma of uterine cervix.

Methods: During the year 2005-2006, 25 patients of cervical cancer not suitable for intracavitary radiotherapy (ICRT),
were enrolled in this prospective study. We used B-K Medical USG machine (Falcon 2101) equipped with a TRUS
probe (8658) having a transducer of 7.5 MHz for IBT. Post procedure, a CT scan was done for verification of needle
position and treatment planning. Two weekly sessions of HDR IBT of 8-10 Gy each were given after pelvic external
beam radiation therapy.

Results: A total of 40 IBT procedures were performed in 25 patients. Average duration of implant procedure was 50
minutes. There was no uterine perforation in any of 11 patients in whom central tandem was used. CT scan did not
show needle perforation of bladder/rectum in any of the patients. During perioperative period, only 1 procedure
(2.5%) was associated with hematuria which stopped within 6 hours. Severe late toxicity was observed in 3 (12%)
patients. Overall pelvic control rate was 64%.

Conclusion: Our experience suggests that TRUS is a practical and effective imaging device for guiding the IBT
procedure of cervical cancer patients. It helps in accurate placements of needles thus avoiding the injury to normal

pelvic structures.
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INTRODUCTION

Carcinoma of uterine cervix is mainly treated by radio-
therapy which consists of external beam radiation therapy
(EBRT) and intracavitary radiotherapy (ICRT).' Though
ICRT is an integral part of treatment, certain patients are not
suitable for it due to extensive disease in the cervix, ob-
literation of the cervical os, narrow vagina, extension of dis-
ease into the lower vagina and parametrical disease beyond
the high dose range of the ICRT applicators. Interstitial bra-
chytherapy (IBT) is used as an alternative to ICRT in such
patients.>* IBT consists of placement of multiple needles in
the pelvis through the perineum. Various types of trans-
perineal templates are used to guide the implantation of nee-
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dles and securing them.** Even though IBT is a better option
in such patients, the associated morbidity due to physical in-
jury and radiation dose to organs at risk (OAR) still remains
a concern. Various series on IBT in gynecological malig-
nancies, primary as well as recurrent, have reported 4-21%
risk of severe late toxicity like recto-vaginal fistulas.” Recent
studies®® with CT scan based planning systems and high dose
rate (HDR) technology, the radiation related morbidity has
reduced but there is significant risk of needle trauma to blad-
der, rectum and other pelvic structures during the procedure.
Besides this, accurate placement of IBT needles in the target
area is of utmost importance for good dosimetry. Use of imag-
ing device during the procedure may assist in accurate place-
ment of the needles for better target coverage and reduced
physical injury as well as radiation injury to OAR. Various au-
thors have used X-ray fluoroscopy,” ultrasonography (USG),"
CT scan,® MRL'""* laparoscopy,'>"® and laparotomy'* for
guiding brachytherapy procedures in gynecological malig-
nancies. Methods like CT/MRI scans have practical limi-
tations and are rarely used. Transrectal ultrasound (TRUS)
has been used for guiding the ICRT'® and prostate seed'® and
IBT" implants. It can provide the real time image of pelvic
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structures and the movement of implant needles and thus po-
tentially help in avoiding the injury to OAR. It has many ad-
vantages in terms of easy availability, simple and cost effective
equipment, free from ionizing radiations. The aim of our
study is to report our experience with TRUS guided HDR IBT
in patients with carcinoma of uterine cervix.

MATERIALS AND METHODS

During the year 2005 and 2006, 25 patients with cervical
cancer were enrolled in this prospective study. The various in-
dications of IBT were as follows: 1) Patients who completed
pelvic EBRT and not found suitable for ICRT due to large
growth, narrow vagina and obliterated vaginal os (Group I); 2)
Patients having persistent parametrial disease after com-
pletion of standard EBRT and ICRT treatment (Group II); and
3) Patients with recurrent cervical cancer who had previously
received standard course of RT (Group III). Pretreatment
workup included detailed physical examination, biopsy, and
various radiological and endoscopic investigations as per the
International Federation of Gynecology and Obstetrics
(FIGO) staging system. The treatment schedules for different
groups were as follows. Group I: whole pelvis EBRT with a
dose of 50 Gy with conventional fractionation (last 10 Gy with
split field) followed by two sessions of weekly IBT implant
with a dose of 10 Gy each. Group II: Whole pelvis EBRT as in
Group I followed by 3 sessions of weekly ICRT with 7 Gy to
point A each session. This was followed by single session of
IBT with 6 to 8 Gy depending upon the amount of residual
disease. Group III: Whole pelvis EBRT dose of 30 to 45 Gy de-
pending upon the interval between previous treatment and
the recurrence. This was followed by 1 to 2 sessions of weekly
IBT with a dose of 8 to 10 Gy each. Weekly chemotherapy
with cisplatin 40 mg/m’ was given during EBRT to suitable
patients.

Fig. 1. Transrectal ultrasound axial image showing the cervical tu-
mor region with central tandem in the cervical os.

1. Brachytherapy implant procedure

The implant was performed using Martinez Universal
Perineal Interstitial Template (MUPIT) under the guidance of
TRUS imaging (Falcon 2101, BK Medicals, Herlev, Denmark).
After administering spinal anesthesia, patient was put in the
lithotomy position. Foley’s tri-lumen urinary catheter was
inserted. To start with, a thorough per vaginal and per rectum
examination was done to assess the disease extent. After in-
serting a condom over the TRUS probe, it was introduced in
the rectum and the bladder was identified first by visualizing
the Foley’s bulb so that orientation of other pelvic structures
could be made. With the help of two buttons on the probe,
both longitudinal and transverse images were visualized to as-
sess the cranio-caudal and lateral extent of disease, if possible.
Then, uterine sound was negotiated to check the patency of os
and if desired, central tandem was introduced in the uterine
cavity (Fig. 1). The obturator of the template assembly was
slided over it in the vagina till it fitted against the cervix. If the
uterine tandem was not to be used, then the obturator was in-
serted in the vagina and inner plate of the template was fitted
over it and fixed with a screw. The plate was positioned
against the perineal wall and stitched to the skin. The stain-
less steel needles (having blind ends) with 20 cm length were
inserted one by one through the perineum from anterior to
posterior aspect since the needles closer to TRUS probe could
obscure the anterior needle images. The needle movement
was tracked up to a desired depth by visualizing the tip of nee-
dle (Fig. 2) seen by moving TRUS probe in forward direction.
Any needle causing accidental entry to bladder, rectum or
bowel was immediately withdrawn (Fig. 2). Laterally, the nee-
dles were implanted till the lateral pelvic wall on either sides
or the lateral extent of the target area based on the clinical and
radiological findings. After inserting the desired numbers of

Gut lumen

Gut wall

Fig. 2. Longitudinal image demonstrating the stainless steel brachy-
therapy needle (bright shadow) which is about to pierce the gut
wall.
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needles for adequate coverage of the target area (Fig. 3),
TRUS probe was taken out from the rectum and digital rectal
examination was done to rule out any needle penetration in
rectum. The needles were fixed with help of screws to prevent
their movement. Outer plate of the template was fitted align-
ing the perineal plate and the two plates were fixed to each
other with help of screws.

2. Treatment planning
A planning CT scan of the whole pelvis was done with slice
thickness of 2.5 mm. Brachytherapy planning was performed
on PLATO planning system vers. 14.1 (Nucletron, Veenandaal,
Netherlands) where target and OAR were delineated. The
contour drawn by the line joining the outermost needles on
the each CT slice constituted the boundary of the target (Fig.

Fig. 3. Transrectal ultrasound image showing the brachytherapy nee-
dles in the cervical tumor region (dotted line) covering it adequately.

Fig. 4. Isodose distribution of the patient created by CT based
planning. Thick red line depicts the target area obtained by line
joining the outermost needles. The thin red line represents the pre-
scription isodose (100% isodose line).
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4). However the cranio-caudal extent of the target was de-
cided by selecting the length of needles keeping in mind the
clinical and radiological findings. After finalizing the target
and OAR volumes, implant needles were also marked on each
slice in order to reconstruct the needle length. Using step size
of 2.5 mm, a plan was generated (Fig. 4). The dose was not
prescribed to a particular point; it was rather prescribed at the
periphery of the target volume. Only dwell positions within
the target volume were activated. If needed, both graphic and
geometric optimization was done to achieve the best plan.
After the plan approval, patient was taken to brachytherapy
suite (Microselectron HDR remote after loading unit) for
treatment. Implant needles were removed immediately after
completion of the treatment. Routine antibiotics were pre-
scribed for a period of 5 days.

3. Follow up
Patients were followed every month till 6 months, then every
2 montbhs till one year and then subsequently every 3 months
till 2 years. At every visit, clinical examination was performed
and, if necessary, CT/MRI scans, to assess the disease status
and toxicity. PET scan was also done if there was a suspicion
of disease on clinical/radiological examination. For assess-
ment of late toxicity, Radiation Therapy Oncology Group cri-

teria were used.

RESULTS

A total of 40 IBT procedures were performed in 25 patients.
Various clinical characteristics of the patients are given in
Table 1. Age ranged from 32 to 67 years (median, 48 years).
Group I had 10 patients, Group II 6 and Group III had 9
patients. Table 2 shows various details of the implant
procedure. Average duration of procedure (from insertion of
TRUS probe to fixation of the both plates of template) was 50
minutes with a range of 40 to 75 minutes. Procedures with

Table 1. Patient characteristics

Characteristics Values
Age, median (range) 48 (32-67)
Stage
1B 5
1I1B 11
Recurrent
Histological grade
Well differentiated 3
Moderately differentiated 5
Poorly differentiated 9
Unknown 8
Size of primary tumor (average), cm 4.0
Lymph node status
Pelvic nodes 5
Para-aortic nodes 0

Values are presented as number of patients.
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Table 2. Details of the brachytherapy implant procedures performed
under the transrectal ultrasound (TRUS) guidance

Table 3. Various dosimetric indices for target and organs at risk for
a prescription dose of 10 Gy

Total no. of patients 25
Total no. of procedures 40
With central tandem 11

Without central tandem 29
Duration of procedure, min 50 (40-75)
No. of needles inserted 18 (13-23)
Complications during implant procedure

Uterine perforation by tandem* 0

Needle penetration in bladder/rectum* 0
Peri-operative complications T

Hematuria 1 (2.5%)

Rectal bleeding 0

*Confirmed by CT scan, TComplications occurring within 24 hours
of removal of implant.

central tandem took relatively longer time since it required di-
latation of cervical os. Bladder was very well visualized in ev-
ery patient and hematuria was encountered in none of the
procedures. An average of 18 needles was implanted in each
patient. Average length of needle insertion beyond cer-
vix/vault was 4 cm. In operated patients, this length was kept
below 4 cm beyond the vault in order to avoid physical injury,
during procedure, and late radiation injury to bowel. CT scan,
which was done for planning, revealed no needle in the blad-
der or rectum in any of the patients. There was no uterine per-
foration in any of 11 patients whom central tandem was used.
There was no hematuria during the implant procedure in the
operative room. During periopertive period (within 24 hours
of removal of the implant), only one patient had hematuria
which was managed by continuous bladder irrigation and sim-
ple conservative methods. The hematuria stopped within 6
hours. Thus, only 1 out of 40 procedures (2.5%) was asso-
ciated with hematuria.

Table 3 shows the various dosimetric indices for the target
and OAR using prescription dose of 10 Gy. In general, rectum
received higher doses than bladder. Severe late toxicity was
observed in 3 (12%) patients. One patient had vesico-vaginal
fistula and required diversion colostomy. The other 2 pa-
tients, one with bowel obstruction and another with Grade 3
proctitis, were managed conservatively.

Follow-up ranged from 3 to 20 months (median, 13 months).
Overall pelvic control rate was 64%; and Group 1, Group II,
and Group III had pelvic control rate of 80%, 50%, and 56%,
respectively. Of 9 pelvic failures, 4 were central, 2 parametrial,
3 nodal. Three patients had associated distant metastases (1
each in para-aortic nodes, bones and supraclavicular fossa).

DISCUSSION

TRUS is widely used for prostate IBT but there is only one
study in the literature so far pertaining to its use in IBT for cer-
vical cancer.'® Our present study is the second study, after
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Dosimetric index Value
Vs (in mL) 95.3+18.6
The target COIN 0.64+0.02
Bladder Rectum

D1 e (in Gy) 8.4+18  102+0.56
. Dy (inGy)  7.56+2.1  9.53+0.51
Organsatrisk 1" " Gy) 6.4+24  8.06+0.54
Vso (in mL) 12.5+1.7 4.3+0.45

Vos: volume receiving 95% of the prescribed dose, COIN: con-
formity index, Di mr, D2 mr, Ds mL: dose received by 1 mL, 2 mL and
3 mL of the OAR respectively, Vso: volume of OAR receing 50% of
the prescribed dose.

Stock et al.,'® in the literature. ICRT procedures are gradually
becoming image based and there are recommendations'** for
image guided ICRT. HDR IBT is still performed largely with-
out any image assistance and there are no guidelines regard-
ing the use of imaging for implant procedure, target volume
delineation or planning. Compared to ICRT, IBT has higher
risk of physical trauma during procedure and late compli-
cations. Therefore, use of a suitable imaging device during IBT
is truly justified. Results of our study have shown that TRUS
helps in avoiding the injury to OAR with good accuracy and
precision during the IBT procedure.

In 1978, Brascho et al.” first described the use of USG in
planning ICRT. Subsequent studies”** reported the use of re-
al time intraoperative USG mainly for correct placement of
central tandem in the uterus and for preventing and detecting
the uterine perforations during ICRT application. Fleischer et
al.” in 1990 first described the use of TRUS for intrauterine
procedures. For IBT, TRUS has been tried in by Stock et al."®
so far. They reported, for the first time in 1997, their experi-
ence with TRUS guided IBT in 7 patients with advanced and
recurrent gynecological malignancies. A total of 12 proce-
dures were performed in these 7 patients. They used Bruel &
Kjaer (B & K, Marlborough, MA, USA) ultrasound base unit
(model 3535) and B & K biplanar ultrasound probe (model
8551 or 8558). Of these 7 patients, only 4 had cervical cancer,
all stage IIIB. Their median procedure time was longer as com-
pared to our study (130 minutes vs. 50 minutes). This could
be due to larger number of patients in our study, allowing us
to perfect this technique. In first few procedures in our study,
time taken was as large as 75 minutes. Contrary to the com-
mon belief, use of TRUS does not prolong the procedure time.
In our experience, as compared to manual method, it takes
less time since TRUS helps in visualizing and identifying the
pelvic structures and needles easily and accurately. Usually,
longer time is needed for the procedure with the use of tan-
dem and larger number of IBT needles. Even though, the me-
dian number of IBT needles in Stock et al.'® study and our
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study is same (18 needles), our procedure time was com-
paratively much shorter. Stock et al.'® did not report the accu-
racy of needle implantation though they have also performed
CT scan based planning for some patients. In our study, all pa-
tients underwent CT scan for planning and none of the 40 pro-
cedures had shown presence of needle (s) in OAR, thereby
proving the high accuracy of TRUS in avoiding injury to OAR.
Though the study by Erickson et al.®and Beriwal et al.® used
CT scan based planning for IBT, but did not use TRUS guid-
ance for implant procedure. Erickson et al.’reported CT scan
confirmed needle perforation of pelvic structures in 8 out of
25 patients (32%) while Beriwal et al.,® who used trans-
abdominal ultrasound (TAUS) for implant procedure, noticed
similar perforations in 2 out of 15 patients (13%).

Though Stock et al.'® have not reported the perioperative
complications and late toxicity in their series, we noticed a
minimal perioperatve (after the removal of implant) compli-
cation rate (2.5%) in the form of hematuria. This was not be-
cause of the misplacement of needle in bladder during implant
procedure as the post-procedure CT scan (done for planning)
did not show any needle in the bladder. This could have been
due to accidental movement of needle during shifting of the
patient in the brachytherapy suite or in the indoor unit where
the implant was removed. Similarly, late toxicity rate of 12%
in our study was also low and comparable to most studies in
the literature using IBT.” Group III patients in our series had
higher late toxicity, since they already had received previous
RT for the initial treatment. Due to short follow up and heter-
ogeneous patient population in our study, we could not calcu-
late the survival but the local pelvic control in our series is
comparable to other studies.

There is no standard dose fractionation schedule of HDR IBT
for cervical carcinoma. American Brachytherapy Society in its
guidelines™ suggests 2 to 3 sessions of weekly HDR IBT, each
session delivering 2 fractions of 5.5 to 6.0 Gy each. We used
2 sessions (one session per week), each session delivering a
dose of 10 Gy in a single fraction. The rationale of using high
dose per fraction is the short treatment time, equal effective-
ness, convenient and least morbid. Such an HDR dose fractio-
nation schedule has already been tried for ICRT by Patel et
al.”® They have used a dose of 9 Gy to point A in 2 weekly frac-
tions and reported successful clinical results. Therefore an
HDR dose of 8 to 10 Gy is biologically equivalent and clinically
effective dose. Additionally, with single high dose of 10 Gy
(un-fractionated), the treatment is completed within 2 to 3
hours which has several advantages like least trauma, least
probability of bleeding, infection, fistulas etc. At the same
time, it is highly convenient and comfortable to patient.

A few studies”*'° have mentioned the use of TAUS in some
proportion of their patients, but no details are reported.
Though TAUS is simple and relatively non-invasive, the im-
age quality is compromised due to abdominal wall thickness,
bowel gas etc. Various other imaging techniques described so
far in the literature for cervical cancer IBT, have individual
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limitations. Some of them like CT/MRI scan provide better
images but are not practical in the operative room. Xray/fluo-
roscopy are simple easily available, but do not image the nor-
mal pelvic structures or the tumor area. Laparoscopy, lapart-
omy guided implants are restricted to only of few centers and
have been tried very anecdotally. Comparatively, TRUS is
simple and convenient technique and provide real time im-
ages of the IBT needles, normal structures and to some extent
the tumor.

Our series of 40 TRUS guided IBT procedures in 25 patients
with cervical cancer, suggests that TRUS assists in avoiding
the needle injury/perforation of pelvic structures very accu-
rately and precisely thereby reducing the risk of perioperative
complications. It has many advantages as compared to other
imaging techniques tried so far. To conclude, TRUS is most
practical and effective imaging device for guiding the IBT pro-
cedure for cervical cancer patients. It is perhaps the ideal
choice for developing countries where cervical cancer is the
commonest cancer in females and the resources are limited.
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