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Background. Optimal applicator insertion is a precondition for the success of cervix cancer brachytherapy (BT). We
aimed fo assess feasibility and efficacy of MRI-assisted pre-planning, based on applicator inserfion in para-cervical
anaesthesia (PCA).

Patients and methods. Five days prior to BT, the pre-planning procedure was performed in 18 cervix cancer pao-
tients: tandem-ring applicator was inserted under PCA, pelvic MRI obtained and applicator removed. Procedure tol-
erability was assessed. High risk clinical target volume (HR CTV) and organs at risk were delineated on the pre-planning
MR, virtual needles placed at optfimal positions, and dose planning performed. At BT, inserfion was carried out in
subarachnoidal anaesthesia according to pre-planned geometry. Pre-planned and actual treatment parameters
were compared.

Results. Pre-planning procedure was well tolerated. Median difference between the pre-planned and actual nee-
dle insertion depth and position were 2 (0—10) mm and 4 (0—30) degrees, respectively. The differences between the
pre-planned and actual geometric and dosimetric parameters were statistically non-significant. All actual needles
were positioned inside the HR CTV and outside the organs at risk (OAR).

Conclusions. Our pre-planning approach is well tolerated and effective. Pre-planned geometry and dose distribu-
fion can be reproduced at BT.
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Introduction

MRI is the recommended modality for image
guided adaptive brachytherapy (IGABT) of cervix
cancer.” MRI enables an accurate and reproduc-
ible delineation of the target volume and organs at
risk (OAR). Individualized application techniques,
treatment planning systems and remote afterload-
ers permit adaptation of the dose distribution to the
delineated volumes and evaluation of dose volume
histogram (DVH) parameters. This approach has
been reflected in encouraging dosimetric and clini-
cal results.’®® Combined intracavitary (IC) and in-
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terstitial (IS) application techniques, using modified
IC applicators are beneficial in cases of unfavoura-
ble pelvic topography and/or large tumours.!0111921
At our institution, MRI-assisted IGABT, based on
the GEC ESTRO recommendations, has been used
since 2006.22? In our practice, 3D conformal exter-
nal beam radiotherapy (EBRT: 45-50.4 Gy in 1.8
Gy daily fractions) +/— concurrent chemotherapy
(weekly 40 mg/m2 of cisplatin) is followed by two
weekly applications of MRI-assisted pulsed dose
rate IGABT, prescribing a nominal dose of 18.5 Gy
in 25 hourly pulses per insertion to the high risk
clinical target volume (HR CTV).17182
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FIGURE 1. Para-cervical injection of anaesthetic prior to the pre-planning
insertion of the infracavitary applicator.

Accurate applicator insertion with optimal geo-
metric distribution of eventual IS channels is a pre-
condition for the tight control and fine-tuning of
the dose distribution. The inadequacies of a sub-
optimal application cannot always be compensated
by treatment plan optimization. Applicator inser-
tion geometry is typically based on clinical and
MRI findings at diagnosis and clinical findings at
IGABT.»2 Planning MRI is performed only after
the insertion, limiting the ability for corrections
in case of suboptimal implantation. In such cases,
the inadequacies from the first procedure should
be taken into account during eventual subsequent
insertion(s), improving the cumulative dosimetric
outcome.

Attempting to increase the likelihood of optimal
implant geometry already at the first application,
we developed an MRI-assisted pre-planning pro-
tocol, based on applicator insertion in paracervi-
cal anaesthesia (PCA). Our preliminary results on
the efficacy of this technique were published re-
cently.” We report on the final results of our study
here. Our primary objective was to quantify the ge-
ometric and dosimetric variation between the pre-
planned and actual application and to assess feasi-
bility of the pre-planning approach. Our secondary
objective was to quantify the dosimetric benefit of
the MR IGABT when compared with conventional
point A-based treatment planning.
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Patients and methods

The study protocol was approved by the institu-
tional and national ethics committees, multidisci-
plinary tumour board and the cost analysis office
of the Institute of Oncology Ljubljana.

Patients and tumours

Twenty consecutive patients with histologically
verified inoperable cervix cancer, treated with
curative intent, were enrolled after signing an in-
formed consent. One patient was excluded from
analysis due to non-compliance to the study proto-
col. In the second patient, pre-planning and inclu-
sion in the dosimetric analysis was precluded by
vasovagal syncope during PCA injection. Eighteen
patients were eligible for the dosimetric analysis.

Pre-planning applicator insertion in
paracervical anaesthesia

Preplanning insertion was performed in sterile
conditions immedjiately after or in the last week of
EBRT. On the morning of the insertion, a laxative
suppository and an anxiolytic were applied and
one hour intravenous analgesic/antiemetic infu-
sion of tramadol, metamizole and metoclopramide
was administered. With the patient in lithotomy
position, 10% lidocaine spray was applied topically
on the vaginal mucosa and 3 mL of 2% lidocaine
injected bilaterally in the paracervical region to
achieve PCA (Figure 1). After 5 minutes, the ante-
rior lip of the portio was grabbed with a tenaculum
and cervical canal dilated. Following dilatation,
a plastic tandem & ring applicator (©2005-2009
Varian Medical Systems, Inc., Palo Alto, USA) was
inserted and vaginal packing performed. During
the procedure, pain was reported by the patient,
using the visual analogue scale (VAS) from 0 (no
pain) to 10 (most intense pain). Peak pain score was
recorded. In case of persistent pain of > 2 on VAS,
additional 2 mL of 2% lidocaine was injected par-
acervically. In case of pain of 4 on VAS, the proce-
dure was terminated. Patient’s vital functions were
monitored and anaesthesiologist was available on
call. Procedure time, from placing the patient into
the lithotomy position to the applicator removal
was recorded

Pre-planning MRI and applicator removal

Pre-planning MRI was performed after applicator
insertion at a 1.5 Tesla scanner (Siemens Magnetom
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Avanto, ©2006 Siemens AG, Erlangen, Germany),
using a pelvic surface phased-array coil. 2D T2w
fast spin echo images (slice thickness 3 mm, inter-
slice gap 0.9 mm, in-plane pixel size 0.6 x 0.6 mm,
field of view 20 x 20 cm, matrix size 288 x 320, echo
time 98 ms, repetition time 5700 ms, flip angle 150°,
acquisition time 3 minutes), were obtained in para-
transverse (perpendicular to cervical canal) plane.
In addition, a 3D T2 weighted sequence with high
sampling efficiency was performed (176 slices, iso-
tropic voxel size of 1 mm, field of view 40 x 40 cm,
matrix size 384 x 386, echo time 131 ms, repetition
time 1500 ms, flip angle 150 degrees, acquisition
time 7 minutes). Both data sets were transferred
to the treatment planning system (Brachyvision,
version 8.5, Copyright ©1996-2008 Varian Medical
Systems Inc., Palo Alto, USA) and co-registered, us-
ing shared DICOM coordinates. Registration was
corrected manually when indicated. From the 3D
data-set, para-transverse, para-coronal and para-
sagittal reconstructions were resampled within the
treatment planning system to match the slice thick-
ness and acquisition planes of the 2D images.? The
applicator was removed after imaging and the pa-
tient discharged.

Contouring and creation of pre-plan

HR CTV and the OAR (bladder, rectum and sig-
moid colon) were delineated and the applicator
reconstructed. The preplanning process started by
using the standard IC loading pattern. A nominal
dose of 18.5 Gy in 25 hourly pulses was specified
at point A. For treatment plan optimization and
reporting, biologically equivalent doses (EQD2;
linear-quadratic model; o/p= 10 Gy for the tumour
and 3 Gy for the OAR; repair half-time = 1.5 hours),
were used. After evaluating the dose distribution
and DVH parameters, the standard IC pre-plan
was modified, aiming to meet our dose constraints
for the OAR (D2cc - minimal EQD2 to the most
exposed 2cm?® of the rectum, sigmoid colon and
bladder below 12.5 Gy, 12.5 Gy and 15 Gy, respec-
tively). When HR CTV was adequately covered fol-
lowing this modifications (D90 > prescribed dose,
V100 > 90-95%), no further action was taken and
the preplan was considered optimized. When in-
dicated, virtual interstitial channels were placed at
optimal radial angles and optimal insertion depths
in the parametria to improve the HR CTV coverage
and/or OAR avoidance (Figure 2). The degrees of
freedom, offered by our modified IC applicator, in
which the ring serves as a template for guidance of
parametrial needles, were respected.!'122> The pre-

planned radial angles of insertion positions and
insertion depths were recorded (Figure 2). Virtual
needles were loaded in the treatment planning sys-
tem, keeping the source dwell-times below 20%
of the tandem dwell-times and aiming to achieve
an optimized pre-plan (adequate HR CTV cover-
age, while respecting the OAR dose constraints).
The DVH parameters for the HR CTV (V100, D100,
D90) and OAR (D2cc) of the standard and opti-
mized pre-plan were recorded.

Actual BT application, imaging and
treatment planning

One week after the preplanning, first actual BT ap-
plication was performed in subarachnoidal anaes-
thesia. In addition to the IC tandem-ring applicator,
IS needles were inserted through the modified ring,
taking the preplanned geometry (needle insertion
positions and depths) into account. T2 weighted
FSE MR images in para-transverse, para-coronal
and para-sagittal orientation were obtained in ad-
dition to the 3D isotropic MRI with high sampling
efficiency. Contouring, applicator reconstruction
and treatment planning was carried out. The ac-
tual radial angles of needle insertion positions and
depths were recorded and compared with the pre-
planned values (Figure 2). The Standard and opti-
mized actual treatment plans were created and the
respective DVH parameters for the HR CTV and
OAR compared. The optimization index (OIN)
was defined as the ratio between the D90 to the HR
CTV and the D2cc to the most irradiated OAR. The
OINs of the standard and optimized plans were
compared. Second BT application was not the sub-
ject of this study.

Statistical analysis

The non-parametric Wilcoxon signed-rank test for
matched pairs was used to compare the treatment
plan parameters. The p-value of 0.05 was used as
the limit of statistical significance. Statistical pro-
gram SPSS was used for statistical analysis.

Results

The patient who developed syncope following PCA
injection recovered spontaneously, rapidly and
without complications. However, the pre-planning
procedure was terminated and the patient was in-
eligible for dosimetric analysis. FIGO stage distri-
bution of the included patients was as follows: IB1:

Radiol Oncol 2014; 48(3): 293-300.
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@ Pre-planned needles
O Actual needles

FIGURE 2. T2-weighted post-insertion pelvic MRI in para-transverse (perpendicular to cervical canal) orientation at pre-planning
(A, B) and actual (C) brachytherapy. Principal steps of the pre-planning process are outlined. (A) Pre-planning MRI, obtained after
insertion of the intracavitary tandem/ring applicator in para-cervical anaesthesia. Prescribed isodose of a standard intracavitary
tfreatment plan with dose prescription at point A is shown. There is suboptimal coverage of the high risk clinical target volume (HR
CTV) with the prescribed isodose at the left posteralateral aspect in this slice. In addition, the prescribed isodose extends to the
bladder, exceeding our departmental dose constraints for this organ. Reducing the tandem dwell-weight in order to spare the
posterior bladder wall would further compromise the coverage of the left part of the HR CTV due to unfavourable topography
between the applicator and the patho-anatomical structures. (B) Virtual optimized infracavitary/interstitial pre-plan. After reducing
the tandem dwell weight, two virtual interstitial needles (red circles) were placed at optimal positions within the target volume,
respecting the degrees of freedom, offered by the ring cap template (Figure insert). Treatment plan optimization, ufilizihng needle
dwell positions in addition to the intracavitary component, resulted in a pre-plan with a conformal dose distribution. The prescribed
isodose conformally encompasses the HR CTV while the dose constraints for the bladder and other organs are respected.
Radial angle of needle insertion position is defined on para-fransverse MRI for a given ring diameter as the angle between the
antero-posterior patient axis and the line, connecting the centre of the tandem and the needle. (C) Planning MRI, acquired at
time of actual brachytherapy, following insertion of a combined intracavitary/interstitial applicator. In addition to the tandem/
ring applicator, two inferstitial needles were inserted through the ring template, aiming at an accurate reproduction of the pre-
planned insertion angles and depths. Actual needle insertion angles and depths were recorded. Treatment plan optimization
resulted in an actual dose distribution, comparable to the pre-planned situation. (D) Schematic representation of assessment of the
geometric deviations between the pre-planned and actual implant. For each needle, the difference between the pre-planned
and actual radial angle of needle insertion and depth was calculated.

2, 1IB: 13, I1IB: 2 and IVA: 1 patient. The median HR
CTV size was 26 cm?® (range: 15.1 — 68.3 cm®).
Subjective pain sensation during the pre-plan-
ning insertion in PCA was reported by all 18 pa-
tients included in the dosimetric study. Eight
(44.5%) patients reported a peak VAS score of 0 (no
pain); 6 (33.5%) a peak VAS score of 1; and 4 (22%)
patients a peak VAS score of 3. The median dura-
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tion of the pre-planning procedure was 69 minutes
(range 55 to 90 minutes).

At first BT application, a total of 55 IS needles
were inserted in 18 patients (median: 3.2 needles
per patient; range: 0-9) through the ring template,
respecting the pre-planned specifications. The dif-
ferences between the pre-planned and actual geo-
metric radial angle of insertion and insertion depth
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TABLE 1. Needle geometry and DVH parameters of the pre-planned and actual optimized treatment plans and the individual
differences between them. Biologically equivalent doses are given (linear quadratic model, a/p=10 Gy for the HR CTV and 3 Gy for
the organs at risk, half time of sublethal damage repair = 1.5 h). The differences between the pre-planned and actual geometric
and dosimetric parameters were statistically non-significant. HR CTV = High Risk Clinical Target Volume

Pre-planned
median (range)

Actual Difference
median (range) median (range)

Needle geometry

Depth (mm) 23 (10 - 49)
Radial angle (°) 150 (30 - 330)
HR CTV

D90 (Gy) 23.4(20.0 - 27.1)
D100 (Gy) 13.2(7.1-17.8)
V100 (%) 96.2 (90.0 - 99.8)
Organs at risk

D2cc bladder (Gy) 13.5 (9.1 -16.6)
D2cc rectum (Gy) 9.5 (4.9 -15.8)
D2cc sigmoid (Gy) 10.1 (4.6 - 13.4)

23 (7 - 47) 2(0-10)
145 (30-334) 4 (0-30)
23.4 (20.1 - 30.7) 1.0 (0.0 - 3.6)
14.9 (8.6 - 18.3) 1.9 (0.2-5.8)
97.9 (90.0 - 100) 1.4 (0.1-9.2)
12.9 (7.4-15.9) 0.7 (0.0 - 7.3)
8.1 (42-11.8) 1.4 (0.3-11.5)
9.2 (3.0-12.8) 1.2 (0.0 - 5.5)

were statistically non-significant (Table 1). All ac-
tual needles were positioned inside the HR CTV
and outside the OAR. The differences between the
pre-planned and actual optimized DVH parameter
values were not significant (Table 1).

All patients benefited from 3D MRI-guided
treatment plan optimization (Table 2, Figure 3).
In standard point A-based plans, the dose con-
straints for the D2cc to the most irradiated OAR
and the D90 to the HR CTV were met in none of
the 18 patients. In optimized treatment plans, both
constraints were met in 16 (89%) cases. The OIN
was above 1.0 in 8 (44%) and 18 (100%) patients for
the standard and optimized plans, respectively.
Median OIN was significantly higher for the op-
timized (1.3; range: 1.0-1.8), when compared with
standard plans (1.0; range: 0.7-1.9) (Table 2).

Discussion

Several reports have demonstrated favourable re-
sults of cervix cancer IGABT when compared to
conventional x-ray based method.!*82¢ In our ex-
perience, one of the most challenging aspects of
IGABT remains the decision on the optimal geom-
etry of insertion of the applicators, which is a pre-
condition for treatment success. The possibility to
compensate for geometric inadequacies of the in-
sertion by treatment plan optimization is limited.
While there is paucity of published reports on the
actual gynaecological BT pre-planning, several ap-

TABLE 2. DVH parameter values for the high risk clinical farget
volume (HR CTV) and the most exposed organ at risk. OIN =
optimization index (D90 for the HR CTV / D2cc of the OAR max).

Standard plan
[median (range)]

Optimized plan
[median (range)]

HR CTV
D90 (Gy) 27.9 (15.9 - 47.0) 23.4 (20.1 - 30.7)
D100 (Gy) 150 (7.2 - 25.7) 149 (8.6 18.3)
V100 (%) 99.0 (77.3 - 100.0) 97.9 (90.0 - 100)
OAR
D2cc (Gy) 19.0 (8.2 34.4) 12.7 (9.0-15.9)
OIN 10(0.7-1.9) 1.3(1.0-1.8)

proaches to image guidance have been suggested
to increase the chance of optimal implant geom-
etry.25,27

US-guidance has proven helpful in achieving
good position of the intrauterine tandem and is
a promising method in interstitial gynaecologi-
cal BT.»3 However; adaptations of US devices
and development of an US-based target concept
are required before this approach can be fully ex-
ploited in practice. Currently, MRI remains the
gold standard imaging modality for cervix cancer
IGABT. Recommendations on different aspects
of its implementation, including a target volume
concept, were published.?*?3¢ Accordingly, vari-
ous methods of MRI guided applicator insertion

Radiol Oncol 2014; 48(3): 293-300.
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FIGURE 3. D2cc to the organ at risk (OAR) receiving the highest
dose and D90 to the high risk clinical target volume (HR CTV)
in standard (red friangles) and optimized (green circles) plans
for all patients. The doses are expressed in percentage of
respective dose constraints. The lower right quadrant includes
the patients in whom both the OAR and the HR CTV dose
constraints were respected.

have been proposed. One approach, which is
utilized at author’s institutions in selected cases,
consists of temporal interruptions of the applica-
tion in order to acquire MRI for verification and
off-line guidance. This, however, results in a con-
siderable prolongation of the application time.
Specialized MRI devices have been developed to
allow for real-time imaging of the insertion and
enable guidance in BT of different tumour sites.®%
In one study, intra-operative MRI-guided needle
insertion for BT of vaginal recurrence in endome-
trial cancer demonstrated high accuracy of needle
placement and limited toxicity.*® However, access
to MRI in the operating theatre is a pre-requisite
for this approach, limiting it to a few specialized
centres. Alternatively, an additional MRI before
BT application may identify the extent of residual
disease and enable to plan an optimal insertion.
Translation of pre-insertion MRI findings to the
post-insertion situation is hindered by topograph-
ical changes in the pelvis, induced by the applica-
tor insertion at BT. Ideally; the pre-planning MRI
should therefore be obtained with the IC applica-
tor in place. Due to its risks and infrastructural
requirements, the need for general or spinal an-
aesthesia at pre-planning insertion is an important
limitation to such an approach.?” The technique
described in our study mitigates this limitation by
using PCA for pain control.

PCA is used for cervical dilatation in vari-
ous obstetric and gynaecological procedures.
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Nevertheless, the data on its effectiveness and
safety are conflicting. A recent review concluded
that PCA is ineffective in achieving pain control
for women undergoing uterine interventions.*
However, in this review; various procedures in-
cluding suction termination of pregnancy and
bimanual removal of placenta were assessed.
Therefore, its negative conclusion may not be ap-
plicable to cervical dilatation at BT. To our knowl-
edge, there are no studies examining the role of
PCA in the field of BT. A recent meta-analysis,
comparing effectiveness of various local anaesthet-
ic techniques used during outpatient hysteroscopy
(which may be more comparable to uterine inser-
tion of BT applicator), concluded that PCA is the
best method of pain control in this setting.*! In our
study, 14 (78%) patients reported a peak VAS score
of 0 or 1 during the pre-planning procedure. Our
favourable results are in line with conclusions of
the meta-analysis. In our protocol, mild sedation
was instituted prior to the procedure and local an-
aesthetic applied topically to ameliorate pain dur-
ing PCA injection, manipulation with specula and
vaginal gauze packing. In addition, intravenous
infusion of analgesics was given to reduce pain
due to vaginal packing and applicator removal. We
can assume that these additional measures had an
important effect on the overall favourable level of
pain control in our study.

With exception of one case of syncope after
PCA injection (resolving spontaneously without
consequences, but leading to procedure termina-
tion and exclusion from dosimetric analysis), we
observed no adverse events of the pre-planning
procedure. About 20% of women undergoing out-
patient dilatation of cervical canal are reported to
experience vasovagal reactions.* It has to be noted
that similar symptoms might arise from intravasa-
tion of the local anaesthetic. Meta-analysis of the
studies on PCA in hysteroscopy failed to conclude
on potential harms of the PCA, since most of the
analysed studies did not explicitly report on the
adverse events.*> According to our experience, IC
applicator insertion under PCA can be regarded a
safe procedure. This pain control technique may
therefore represent a strategy to improve patient
care in centres where general or spinal anaesthe-
sia is not readily accessible. Moreover, PCA-based
BT application has been used with success at our
institution in patients with medical contraindica-
tions for anaesthesia, not only in cervical, but also
in endometrial cancer, where co-morbidity often
poses significant challenge to the medical team. It
has to be noted, however, that we only assessed its
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effectiveness in insertion of the IC applicator, not
the IS needles.

In our study, an excellent reproduction of the
pre-planned implant geometry was achieved at
first actual BT application, resulting in clinically
and statistically non-significant dosimetric differ-
ences between the pre-plan and actual BT plan
(Table 1). At actual BT, the dose constraints for the
HR CTV could be respected in all cases, while they
were only slightly violated for the OAR in 2 cases
(2% and 6% above the constraint for the sigmoid
colon and bladder, respectively) (Figure 3). As far
as the benefit from pre-planning is concerned, our
cohort could be divided into 2 groups of patients.
In 4 (22%) patients (median HR CTV: 20 cm?, range:
15.1 — 26.1 cm3), the IS needles were not used. In
these cases, the DVH constraints could be met by
adapting the standard IC plan and the dosimetric
benefit of pre-panning was small. In the remaining
14 patients (median HR CTV: 28.8 cm?, range: 17.0
— 68.3 cm3), the IS needles were used in addition to
the IC applicator and the dosimetric benefit of pre-
planning was demonstrated. To summarize, the
pre-planning procedure, as described here, may be
advantageous in cases with bad tumour response
to EBRT and/or where unfavourable topography of
residual pathological tissues at time of BT can be
expected. In small and/or well responding tumours
pre-planning was not beneficial.

Limitations of our pre-planning approach in-
clude the need for an additional MRI study, staff
requirements and administration of additional
medications. Therefore, it may be limited to cen-
tres with high resources. However, according to
our experience, the pre-planning reduced the time
needed for the actual BT application and improved
the operator confidence and patient compliance
during the procedure. In addition, the need for
iterative imaging and implant corrections or even
removing the applicator due to a potentially sub-
optimal geometry could be avoided in all cases. By
omitting multi-planar MRI and employing 3D MRI
for pre-planning, total image acquisition time was
shortened for approximately 50%, when compared
to our standard MRI study at time of actual BT.#
In fact, due to the possibility to achieve an optimal
implant already at the first application, the de-
scribed procedure may serve as a basis for accom-
plishment of BT in a reduced number of optimized
insertions, reducing the total MRI-time and costs.
The clinical impact of favourable dosimetric results
of IGABT in our patient population remains to be
quantified and compared with our retrospective
series on conventional 2D BT.#

Conclusions

MRI-assisted cervix cancer BT pre-planning, based
on applicator insertion in PCA is well tolerated,
safe and fast. In cases with bad tumour response
to EBRT and/or unfavourable target volume topog-
raphy at time of BT it enables determination of an
optimal distribution of the interstitial applicator
channels. At actual BT implantation, an excellent
reproduction of the pre-planned insertion geom-
etry and DVH outcome can be achieved. MR as-
sisted IGABT improves dosimetric outcome when
compared with conventional dose prescription
methods. PCA may be an effective method of pain
control in a setting with limited resources and in
patients with medical contraindications for general
or spinal anaesthesia, requiring cervico-uterine BT.
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