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Abstract

Purpose: The aim of the study was to determine the feasibility of interstitial brachytherapy under non-anesthe-
tist-administered moderate sedation, to identify factors influencing the insertion, and the total procedural time.

Material and methods: A total of 47 insertions with hybrid intracavitary and interstitial applicators were per-
formed in 23 patients from March 2017 to March 2020. Moderate sedation was achieved with intravenous midazolam
and fentanyl administered by non-anesthetist. Insertion time and procedural time was recorded. Univariate and multi-
variate analysis were performed to evaluate the impact of different factors on insertion and procedural time.

Results: A total of 238 needles (range, 2-8 per insertion) were implanted, with an average insertion depth of 30 mm
(range, 20-40 mm). The mean doses for midazolam and fentanyl were 3 mg (standard deviation [SD] = 1) and 53.3 mcg
(SD = 23.9) per insertion, respectively. The median insertion time was 30 minutes (interquartile range [IQR] = 22-40), and
the median total procedural time was 4.3 hours (IQR = 3.6-5.2). First time insertion, insertions performed before 2019,
and higher midazolam dose were associated with significantly longer insertion time, whereas longer insertion time, MRI-
based planning, and insertions performed before 2019 were associated with significantly longer total procedural time.

Conclusions: Outpatient interstitial brachytherapy with non-anesthetist-administered sedation is achievable and
well-tolerated. This method may significantly lessen the burden on hospital resources and has the potential to be

cost-effective.
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Purpose

Interstitial brachytherapy is indicated in the treat-
ment of cervix cancer when the tumor extension cannot
be adequately covered by intracavitary brachytherapy
[1-4]. Sedation and pain management are required as
interstitial brachytherapy is an inherently invasive, un-
pleasant, and painful procedure [5]. Various anesthesia
approaches have been used, from sedation and neurax-
ial anesthesia to general anesthesia, depending on insti-
tutional logistics or cost constraints [5-7]. Although an
anesthetist-led service is often preferred, it is a scarce
and expensive resource in many institutions. At the time

of writing, many brachytherapy practitioners across the
world are facing limited access to anesthetists or hospital
beds due to the ongoing COVID-19 pandemic [8, 9]. Var-
ious groups have published recommendations regarding
the use of anesthesia for gynecological brachytherapy in
response to these challenging circumstances related to
COVID-19. In general, moderate sedation in an outpa-
tient setting with omission of general anesthesia is pre-
ferred. As such, the use of safe and effective sedation
for interstitial brachytherapy without an involvement of
anesthetist is most desirable to ensure timely completion
of brachytherapy despite limited resources.
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A sedation continuum has been described by the
American Society of Anesthesiologists (ASA), ranging
from mild sedation to general anesthesia. Moderate seda-
tion with analgesia (formerly known as “conscious seda-
tion”) is the depression of consciousness, during which
the patients respond purposefully to verbal commands
or with light tactile stimulation. Moderate sedation/anal-
gesia with midazolam and/or fentanyl was prospective-
ly reported to be safe and therefore, the preferred drug
choice for not supervised by an anesthetist cases [10-12].
While moderate sedation has been widely performed by
brachytherapists for intracavitary brachytherapy, there is
not much published reports on the use of moderate se-
dation for interstitial brachytherapy [13]. Practice guide-
lines for non-anesthetists providing sedation have been
put forth by various professional bodies, including the
ASA and the College of Anesthesiologists, Academy of
Medicine Singapore [14, 15]. The potential advantages of
non-anesthetists-administered moderate sedation (for-
merly known as “conscious sedation”) are multifold, and
include lower cost, shorter post-procedural recovery, and
wider availability. Furthermore, technological advances
in brachytherapy applicator design allow plastic intersti-
tial needles to be placed in combination with intracavi-
tary applicators. These modern hybrid applicators enable
quick and relatively easy applicator assembly and inser-
tion, while reducing the need for free-hand needle place-
ment, resulting in shorter procedural time and increased
patients” comfort [16-19].

InJanuary 2017, we established interstitial brachyther-
apy service in our institution to treat patients with cervi-
cal cancer. The first few insertions were performed under
anesthetist-administered deep sedation or general anes-
thesia (GA) in an operating theatre. However, anesthetist
covering was neither readily nor regularly available, as
the operating theatre was a shared resource with other
surgical specialties. Faced with limited access to anesthe-
tist covering and after a discussion with our anesthesia
colleagues, we started to perform interstitial brachythera-
py insertions under non-anesthetist-administered moder-
ate sedation in the operating theatre and later on, in a ra-
diation oncology facility. Currently, published reports on
the use of moderate sedation for interstitial brachyther-
apy are rare. Therefore, the aim of our study was to as-
sess the feasibility of moderate sedation for interstitial
brachytherapy, using hybrid intracavitary and interstitial
applicators in the outpatient setting, and to identify fac-
tors influencing the insertion and procedural time.

Material and methods

This was a retrospective review of patients, with bi-
opsy-proven cervical cancer who underwent interstitial
brachytherapy using hybrid intracavitary and intersti-
tial applicators from March 2017 to March 2020. During
this period, a total of twenty-three consecutive patients
with non-metastatic cervical cancer and the ASA physical
status I-II underwent forty-seven insertions of intersti-
tial brachytherapy in department of radiation oncology
(DRO) of the National Cancer Centre Singapore. All pa-
tients were staged according to the International Federa-

tion of Gynecology and Obstetrics (FIGO) staging system
[20]. All patients signed an informed consent form allow-
ing their clinical data to be collected and used for the pur-
pose of research. Data were prospectively documented,
and retrospectively collected and analyzed.

All patients were treated with external beam radio-
therapy (EBRT), between 45 Gy and 50.4 Gy, in 1.8 Gy
per fraction. Chemotherapy consisted of weekly cispla-
tin of 40 mg/m? up to six cycles was given concurrently
with EBRT. Brachytherapy was commenced either within
the final week or within 1 week of finishing EBRT. No
chemotherapy or EBRT were allowed on the days of
brachytherapy.

Patients’ selection and pre-sedation assessment

One week before the first session of brachytherapy, all
patients underwent magnetic resonance imaging (MRI)
of pelvis without applicator in situ to evaluate the topog-
raphy of residual tumor and to identify the need for inter-
stitial needles based on the predicted isodose distribution
of intracavitary brachytherapy alone in order to increase
the likelihood of optimal needle placement at the actual
time of brachytherapy application. The number, position,
and depths of the required needles were pre-planned by
a radiation oncologist, with inputs from a radiologist and
brachytherapy physicist. MRI T2-weighted images were
used, taking into account an offset of 5 mm from the tip
of the needle to the first dwell position.

A dedicated interstitial brachytherapy insertion suite
was established in DRO in 2019. Patient-related proce-
dures involved five different rooms, such as insertion
suite, computed tomography (CT) simulator, MRI scan-
ner, observation room, and brachytherapy treatment
room, all located in the same building and on the same
floor. Figure 1 shows the simplified floor plan of the in-
terstitial brachytherapy facility at the DRO. Before 2019,
all interstitial brachytherapy insertions were performed
in an operating theatre in the same building, but on a dif-
ferent floor. In every case, the same radiation oncolo-
gist performed the interstitial brachytherapy procedure
from pre-planning to removal of applicators. The types
of hybrid applicators in our department were tandem
and ring-based: interstitial ring CT/MR applicator, and
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Fig. 1. Simplified floor plan of the interstitial brachythera-
py facility at the National Cancer Centre Singapore
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tandem and ovoids-based: Venezia advanced gyneco-
logical applicator and Utrecht interstitial CT/MR appli-
cator. The choice of applicator type was determined by
the radiation oncologist, based on applicator availability,
patient’s anatomy, and tumor topography.

All patients were assessed by the same radiation on-
cologist before brachytherapy, with a written consent
for procedure and sedation obtained. Pre-brachytherapy
evaluation included an assignment of ASA physiologic
status classification [21] based on patient’s medical histo-
ry, physical examination, and review of pre-brachythera-
py laboratory tests. Anesthetist referral and management
are mandatory for severely compromised or medically
unstable patients (e.g., ASA status III or IV, anticipated
difficult airway, or severe congestive heart failure). If
there was a doubt surrounding the safety or feasibility,
such as anxious or phobic patients to undergo non-anes-
thetist-administered sedation, an anesthetic review was
obtained.

Pre-brachytherapy preparation

On the evening before brachytherapy, the patients
took oral bowel preparation with 45 ml of fleet-phos-
pho-soda and were fasting for at least 6 hours. Upon ar-
rival at our department, the patients were assessed again
by a dedicated seditionist. A seditionist refers to the per-
son who administers the sedation and monitors the pa-
tient during this process until full recovery. The sedition-
ist is distinct from the proceduralist and does not perform
any other tasks, i.e., assisting with the procedure. At the
DRO, all brachytherapy practitioners, medical officers,
and specialist trainees are qualified seditionist by an ac-
credited training. We recognize that other allied health
staffs, such as nurses, may fulfill this role depending on
institutional practices. All staff involved in brachyther-
apy procedures are at minimum competent, with basic
resuscitation skills.

Monitor

. Sedationist
Patient

VAN

Procedurist

o[qe}
juswINsuf

Circulating

nurse

Fig. 2. Overview of the insertion suite layout. RT1 - radio-
therapist 1, RT2 - radiotherapist 2

Applicator insertion under sedation

Shortly before brachytherapy, a quick huddle was led
by the procedurist in the presence of immediate mem-
bers of the brachytherapy team, including seditionist,
scrub nurse, circulating nurse, physicist, and two radi-
ation therapists involved in brachytherapy. Radiothera-
pist 1 (RT1) was in charge of time out, verification, and
documentation of applicator and needles used, whereas
radiotherapist 2 (RT2) was responsible for operating the
ultrasound machine. An overview of the insertion suite
layout is shown in Figure 2. The patients were placed in
lithotomy position and following surgical time-out, an
initial dose of intravenous midazolam and fentanyl was
given by the seditionist under the direction of the pro-
cedurist. Starting dose of midazolam and fentanyl was
1-2 mg and 10-20 mcg, respectively, with repeated dos-
ing every 2-5 minutes as needed, based on an assessment
of pain in communicative patients throughout the inser-
tion, to a maximum total dose of 5 mg for midazolam and
100 mcg for fentanyl. We used a Ramsay sedation scale
to grade the level of sedation. Vital signs were monitored
before, throughout, and every 5 minutes after the applica-
tor insertion until discharge. Supplemental oxygen could
be administered if oxygen saturation decreased to 90%
or less. Standard resuscitation equipment and reversal
drugs for fentanyl (naloxone) and midazolam (flumaze-
nil) were available during all procedures.

A Foley catheter was inserted and the uterus was
sounded under ultrasound guidance to ascertain the
required length of the tandem. Local vaginal anesthe-
sia with 2% lidocaine gel was administered. Plastic in-
terstitial needles with blunt tips were inserted to the
pre-planned depth using an insertion tool, following
the placement of tandem and ring/ovoids/semi-lunar
ovoids. The insertion depth was defined as the length of
the needle from its tip to the surface of the ring or ovoids.
The applicators were immobilized with gauze packing,
which also aided in sparing of the rectum and bladder.
The patients were then transferred to CT simulator and
adjustments of needle depths were made if required.
If MRI slots were available, the patients would then be
transferred to department of oncologic imaging for MRI
scan after CT scan.

Applicator removal and discharge

During the time of contouring and dosimetric plan-
ning, the patients were placed in an observation room
next to nursing station for monitoring. We applied vol-
ume-based prescription to high-risk clinical target volume
(HR-CTV). Our planning aim was to deliver a HR-CTV
Dy, (dose received by =90% of volume) EQD, (equivalent
dose at 2 Gy per fraction) of at least 87 Gy [22]. After the
treatment plan was approved, the patients were move to
the brachytherapy treatment room. We used MicroSelec-
tron HDR (Nucletron, Sweden) for the treatment, and *%?Ir
was applied as the treatment source. The applicator and
needles were then removed, and vaginal packing was in-
serted and pressure applied. Patient could receive top up
of IV fentanyl during applicator removal. The cervix and
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vagina were examined for bleeding and the patients were
monitored for at least 30 minutes after the removal of ap-
plicators. All the patients were assessed by a physician
before their discharge. We used post-anesthetic discharge
scoring system (PADSS) score of 9 or higher as criteria for
discharge. All the patients musted be accompanied home
by a responsible adult. Insertion time (from time out to
end of vaginal packing) and total procedural time (from
time out to applicator removal) were recorded.

Statistical analysis

Analyses were performed to examine the associations

or total procedural time using Pearson correlation. All
variables with p-value less than 0.05 were considered for
inclusion in a multiple linear regression. All statistical
analysis was carried out using STATA software, version
14.1 (StataCorp LP, Texas, USA).

Table 2. Interstitial brachytherapy applications’
characteristics of 47 insertions

Variable

Applicator type

between insertion time (minutes) or total procedural time ISl i L)
(hours), and factors, including applicator type (interstitial Utrecht 19 (40.4)
ring vs. Utrecht/Venezia), number of insertions (first vs. Vienedia 18 (38.3)
second and third), number of needles (<5 vs. > 5), period —-—r -
of insertions (2017 to 2018 vs. 2019 to 2020), MRI-based o- ofinsertions
planning (no vs. yes), age (continuous), fentanyl dose First 23 (48.9)
(continuous), and midazolam dose (continuous). Student Seeond 18 (38.3)
t-tests were performed for bivariate analysis, whereas -
continuous variables were correlated to insertion time Third 60128
Period of insertions
Table 1. Patients’ and tumors’ characteristics 2017 to 2018 21 (44.7)
(n=23) 2019 to 2020 26 (55.3)
Variable No. of needles, mean (range) 5(2-8)
Age (year), mean (range) 55 (27-77) Depth of needles (cm), mean (range) 3 (2-4)
Histology, n (%) Midazolam dose (mg), mean (range) 3 (0.5-5)
Squamous cell carcinoma 18 (78.3) Fentanyl dose (mcg), mean (range) 53.3 (10-100)
Adenocarcinoma 3(13) Ireidtom e i)
Mean 324
Other 2(8.7) :
Median 30.0
FIGO stage, n (%) I0R 2940
1B2 1(43) Range 12-85
1B 9 (39.2) Total procedural time (hours)
][ 10 (43.5) Mean 45
et 1(4.3) SN 43
IQR 3.6-5.2
ez 2(8.7)
Range 2.9-7.1
o)
Fok i, @ (02) Fractional HR-CTV Dg, (Gy), median (range) 8 (6.2-9.9)
! 17(73.9) Fractional IR-CTV Do (Gy), median (range) 5.9 (3.1-7.3)
Il 6 (26.1) Fractional rectum D, (Gy), median (range) 4.7 (1.3-6.3)
Chemotherapy use, n (%) Fractional bladder D,.. (Gy), median (range) 5.6 (3.3-7.1)
No 1(43) Fractional sigmoid D, (Gy), median (range) 4.2 (2.3-5.8)
Ves 22 957) Total EQD, HR-CTV Dgq (Gy), median (range)  85.7 (80-92.9)
Total EQD, IR-CTV Dgq (Gy), median (range)  73.4 (66.4-75.7)
EBRT technique, n (%) -
Total EQD, rectum D, (Gy), median (range) 71.8 (63.7-75.9)
SDHERY 17 (73.9) Total EQD, bladder D, (Gy), median (range) 82.5 (54.8-88.4)
VMAT 6(26.1) Total EQD, sigmoid D, (Gy), median (range) 69.8 (58.9-75.4)

FIGO — International Federation of Gynecology and Obstetrics, ASA — Ameri-
can Society of Anesthesiologists, EBRT — external beam radiotherapy, 3D-CRT
— 3-dimenstional conformal radiotherapy, VMAT — volumetric-modulated arc
therapy

IOR — interquartile range, HR — high-risk, IR — intermediate-risk, CTV — clinical
target volume, Dy, — dose received by > 90% of volume, D,,, — dose received
by 100% of volume, D, — dose to the most irradiated 2cc, EQD, — biologically
equivalent dose in 2 Gy fractions
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Results

Patients and treatment characteristics are present-
ed in Table 1. The patients” mean age at diagnosis was
fifty-five years, with a range of 27-77 years. Most of the
patients had squamous cell carcinoma (n = 18, 78.2%).
Ten patients (43.5%) had pelvic side wall involvement
at diagnosis. The majority of patients (n = 17, 73.9%) re-
ceived 3-dimenstional conformal radiotherapy (3D-CRT)
and the remaining 6 patients (26.1%) received volumet-
ric-modulated arc therapy (VMAT).

A total of forty-seven hybrid intracavitary and inter-
stitial brachytherapy insertions were performed in twen-
ty-three patients (Table 2). As for the applicator, intersti-
tial ring was used in 10 insertions, Utrecht applicator was
used in 19 insertions, and Venezia applicator was used in
18 insertions. Overall, 238 needles (range, 2-8 per inser-
tion) were implanted, with an average insertion depth of
30 mm (range, 20-40 mm). The mean doses for midazol-
am and fentanyl were 3 mg (standard deviation [SD] = 1)
and 53.3 mcg (SD = 23.9) per insertion, respectively. MRI-
based planning was carried out in eleven (23.4%) out of
forty-seven insertions, whereas CT-based planning was

performed in the remaining thirty-six (76.6%) patients.
The median insertion time was 30 minutes (interquartile
range [IQR] = 22-40), and the median total procedural
time was 4.3 hours (IQR = 3.6-5.2). The median fraction-
al Dgq of HR-CTV was 8 Gy (range, 6.2-9.9 Gy), and the
median total Dgy EQD, of HR-CTV and intermediate-risk
clinical target volume (IR-CTV) was 85.7 Gy (range,
80-92.9 Gy) and 73.4 Gy (range, 66.4-75.7 Gy), respective-
ly. The median total D, (dose to the most irradiated 2cc
of volume) EQD, of rectum, bladder, and sigmoid colon
was 71.8 Gy, 82.5 Gy, and 69.8 Gy, respectively.

The results of the univariate analyses are summarized
in Tables 3 and 4. In the univariate analysis, we observed
that first attempt insertion, insertions performed in the
earlier period between 2017 to 2018, and insertions re-
quiring MRI-based planning were associated with longer
insertion time and total procedural time. Higher midaz-
olam dose was also associated with longer insertion time.
A shorter insertion time was found to be associated with
a shorter total procedural time. No statistically significant
difference was observed between Venezia, Utrecht, and
interstitial ring applicator.

Table 3. Univariate analysis of factors influencing insertion and total procedural time

Sub-group No. Insertion time (minutes) Total procedural time (hours)
Mean SD p-value Mean SD p-value

Period of insertions

2017 to 2018 21 38.1 11.3 5.4 1.0

2019 to 2020 26 27.8 16.0 0.017* 3.8 0.7 < 0.003*
Applicator type

Interstitial ring 10 34.1 7.3 5.0 1.2

Utrecht or Venezia 37 31.9 16.4 0.69 4.4 11 0.11
No. of insertions

First 23 39.8 16.3 5.0 1.3

Second or third 24 253 9.1 < 0.003* 4.0 0.9 0.005*
No. of needles

<5 28 32.6 18.4 4.3 1.2

>5 19 32.1 7.7 0.911 4.8 1.1 0.12
MRI-based planning

No 36 29.8 15.5 4.1 0.9

Yes 11 40.9 8.9 0.029* 59 1.0 < 0.003*

*p < 0.05 and included in multivariate model building, MRI — magnetic resonance imaging

Table 4. Correlation analysis of insertion and total procedural time according to continuous variables

Variable Insertion time (minutes) Total procedural time (hours)
Correlation coefficient, r p-value Correlation coefficient, r p-value
Age (years) 0.089 0.55 0.064 0.667
Fentanyl dose (mcg) 0.226 0.127 -0.169 0.257
Midazolam dose (mg) 0.304 0.038* 0.12 0.421
Insertion time (min) N.A. N.A. 0.697 < 0.003*

*p < 0.05 and included in multivariate model building, N.A. — not applied
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In the multivariate analysis, higher midazolam dose,
first attempt insertion, and insertions performed before
2019 were associated with significantly prolonged in-
sertion time, whereas longer insertion time, MRI-based
planning, and insertions performed before 2019 were
associated with significantly prolonged total procedural
time. The average time needed for the first insertion was
39.8 minutes and was decreased by 14.8 minutes (95% CI:
-23.4 to -6.2 min, p = 0.001) in subsequent insertions. The
average insertion time was also decreased by 10.5 min-
utes from earlier period of 2017-2018 to later period of
2019-2020.

The average total procedural time was decreased by
0.9 hours after 2019 (95% CI: -1.31% to -0.41%, p < 0.003).
As expected, MRI-based planning was associated with
an increase of 0.82 hours to the total procedural time
(95% CI: 0.25% to 1.38%, p = 0.005) (Table 5).

All the patients underwent the procedure successful-
ly, and none of the 47 insertions were aborted. Moreover,
no patient was unable or unwilling to complete her pre-
scribed brachytherapy sessions due to pain or discomfort.
There were no obvious complications, such as uterine
perforation, during the insertions. There were no adverse
events attributed to the moderate sedation. At the time of
discharge, all the patients reported pain score of 0-1 and
achieved PADSS score of 10. No case of severe bleeding
or infections, which required transfusion or hospitaliza-
tion was observed.

Discussion

To our knowledge, this is one of the largest series
in the literature reporting the use of non-anesthetist-ad-
ministered moderate sedation for hybrid intracavitary
and interstitial brachytherapy in patients with cervical
cancer. The results from our study demonstrated that in-
terstitial brachytherapy can be successfully introduced
into a radiotherapy department in the outpatient setting.
Although the placement of interstitial needles posed
minimal procedural risk, the perceived requirement for
anesthesia often complicates scheduling and delivery.
Moderate sedation does not require highly specialized
and expensive equipment, and is associated with very
low complication rates [23]. Furthermore, moderate
sedation can be administered by specially trained per-
sonnel and thus, it would not require an anesthetist to
attend [15, 24].

Benrath et al. conducted a review of 1,622 anesthetic
procedures used for brachytherapy [7]. Complications of
GA was documented in 35% of patients and dominated by
cardiovascular incidents, such as hypotension and brady-
cardia. For regional anesthesia, they reported that hypo-
tension occurred in 10%, bradycardia in 10%, and techni-
cal complications (multiple puncture attempts, puncture
of the dura during epidural placement, bloody puncture,
etc.) in 4%. We have made great efforts to develop high
standards of safety, in terms of training and accreditation,
to ensure competency and proficiency in the skills required
for sedation. None of the patients in this study experienced
any complications related to sedation during and after the
procedure. Doubts about the feasibility of moderate seda-
tion for hybrid intracavitary and interstitial brachytherapy
should be tempered by the fact that all the 47 insertions
were successfully completed and well tolerated.

So far, in existing publications on interstitial brachy-
therapy with modern hybrid applicators involving deep
sedation, general, or spinal anesthesia, the procedures re-
quired the presence of anesthetist. Leong et al. reported
their experience of 35 insertions using Utrecht applicators
performed under moderate to deep sedation adminis-
tered by anesthetist, combining with paracervical block
and local anesthesia [25]. A recent study by Walter et al.
presented their initial results of Venezia applicator in
10 patients, where insertions were performed under gen-
eral or spinal anesthesia [18]. Another study reported in-
sertions using Vienna ring applicator under spinal anes-
thesia in 22 patients [26].

In this study, we found that the mean applicator in-
sertion time and total procedural time was 32.4 £14.9
minutes and 4.5 1.2 hours, respectively, which are com-
parable to results from other groups. Similar study by
Leong and colleagues reported mean insertion time of
39 minutes and mean time to discharge of 4.1 hours [25].
Liu et al. evaluated a technique of interstitial brachythera-
py in 28 patients using applicator combining uterine tan-
dem and metal needles, where the needles were inserted
free-hand under real-time CT guidance [27]. All patients
underwent spinal anesthesia for interstitial brachythera-
py, and mean insertion time was 41.2 minutes. In com-
parison to intracavitary brachytherapy, Mayadev et al.
described a mean insertion time of 22.6 minutes in
217 insertions, with moderate sedation administered by
nurses under the supervision of brachytherapist [28].

Table 5. Multivariate analysis of factors influencing insertion and total procedural time

Variable Insertion time (minutes) Total procedural time (hours)
p* 95% Cl p-value p* 95% Cl p-value

Midazolam dose (mg) 4.15 0.23-8.1 0.038 -

Period of insertions (2017-2018 vs. 2019-2020) -14.1  -24.00 to —4.20 0.006 -0.86 -1.31t0-0.41 < 0.003

No. of insertions (first vs. second or third) -13.0 —21.42to-4.62 0.003 0.07 —0.36 to 0.50 0.736

MRI-based planning (no vs. yes) -836  -21.06to04.34 0.191 0.82 0.25t01.38 0.005

Insertion time (min) - 0.04 0.02 to 0.05 < 0.003

Cl - confidence interval, MRl — magnetic resonance imaging. Bold denotes statistical significance of p < 0.05. *B coefficient with 95% Cl obtained through multiple
linear regression. 3 represents the change in insertion time (in minutes) or total procedural time (in hours) with the variables displayed

Journal of Contemporary Brachytherapy (2021/volume 13/number 3)



292

Kiattisa Sommat, Jeannie Yi Xin Lin, Melvin Ming Long Chew, et al.

il

31 L

Total procedural time (h)
a1

2017 to 2018 2019 to 2020 MRI No MRI
Fig. 3. Box-whisker plots showing total procedural time
by period of insertion and MRI-based planning

In the present study, we found that the duration of
applicator insertion was significantly reduced by 27%
(about 10 min) in the period of 2019-2020 (mean, 27.8 min),
compared to the earlier adoption period of 2017-2018
(mean, 38.1 min). This observed correlation can be ra-
tionalized easily and most likely attributed to the initial
phase of familiarization with the procedure. Similar trend
of 30% reduction (about 1.6 hours) in the mean total pro-
cedural time was observed in the same period (Figure 3),
in part due to reduction in the initial learning curve but
largely due to the shift from OT to the insertion suite,
which has significantly reduced patients’” waiting and
transfer time.

Although application of MRI in brachytherapy treat-
ment planning for cervical cancer is desired, its wide-
spread utilization is hampered by longer procedural
time, limited availability of MRI, and expensive cost,
especially in the current climate of sensitivity to re-
sponsible resource prioritization [29-31]. In our study,
it is not surprising to discover that the addition of MRI-
based planning over CT increased the total procedur-
al time significantly (5.9 hours vs. 4.1 hours, p < 0.003)
(Figure 3). Like many centers in the world, we do not
have a dedicated MRI scanner in our department, and
it is logistically challenging to obtain an MRI scan at the
desired time slot during every brachytherapy treatment.
Therefore, several groups have published practical rec-
ommendations for CT-based brachytherapy. There is
ongoing effort by the European Group of Curiethera-
pie-European Society for Therapeutic Radiology and
Oncology (GEC-ESTRO) network to shed some light on
this aspect, and work is underway to introduce guide-
lines for contouring of targets and organs at risk based
on CT imaging [32-35].

Our study has several strengths and limitations. This
was a study with relatively large sample, where all the in-
sertions were performed by a single radiation oncologist,
therefore limiting technical biases as much as possible.
To our knowledge, this is the only study to include three
different modern hybrid applicators (Venezia, Utrecht,
and interstitial ring) that are commercially available.
First, we acknowledge that it is difficult to extrapolate
from a single-center and single-operator experience,
and thus, the generalizability of our findings is limit-

ed. In addition, our sedation approach may not be rep-
licated in institutions with different training programs
or brachytherapy infrastructure. In our department, all
brachytherapy practitioners, medical officers, and spe-
cialist trainees providing sedation must have received
training accredited by our institution before undertak-
ing independent practice. They must also be trained to
manage sedation-related complications, including car-
diovascular collapse. Patients should be carefully select-
ed, medically pre-assessed, and informed consent must
be obtained. Patients with anxiety or ASA class III or
greater are not ideal candidates for this approach, and
should be reserved for an anesthetist. A proof of gen-
eralizability of our approach would require an external
validation by other investigators. Second, our study did
not address patient’s satisfaction during and after the
procedure. Data on patient’s scores for pain and dis-
comfort during and immediately after the insertion is
lacking. This is largely due to the altered level of con-
sciousness when analgesia and sedative drugs are given
during the procedure. Although here, the administration
of sedation during the insertions was essentially based
on continuous clinical assessment of the patient by the
brachytherapist and seditionist, pain scores reported by
communicable patients were not documented. However,
all the patients reported pain score of 0 to 1 at the time of
discharge. Further prospective studies are warranted to
evaluate patient’s satisfaction profile of sedation.

Despite the various limitations, we consider that this
study with a significant number of insertions provides
important insights concerning this form of sedation for
interstitial brachytherapy, which is so widespread in
countries with limited resources. In conclusion, in the
proper setting, with trained staff and appropriate set
up, outpatient interstitial brachytherapy with non-anes-
thetist-administered sedation is not only achievable and
well tolerated, but also enable the delivery of interstitial
brachytherapy in patients who cannot tolerate general or
regional anesthesia, in addition to cost and resource con-
tainment.

Conclusions

Outpatient interstitial brachytherapy with non-anes-
thetist-administered sedation is achievable and can sig-
nificantly lessen the burden on hospital resources. How-
ever, close consultation with an anesthesia department is
required for high-risks patients. This method is potential-
ly cost-effective and provides a practical approach in the
case of limited access to anesthetist.
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