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Abstract
Objective The aim of this study was to compare the effective-
ness of two sedative regimens, a benzodiazepine with either
meperidine or fentanyl, in relieving pain in patients with cer-
vical cancer undergoing intracavitary brachytherapy in terms
of pain score and quality of life.
Methods Forty unselected outpatients undergoing brachyther-
apy (160 fractions) were enrolled with informed consent and
randomized to receive a benzodiazepine with either meperi-
dine or fentanyl. The perceived pain score according to a
standard 10-item numeric rating scale was collected every
15 min during the procedure, and the perceived quality of life
was determined at the end of each procedure using the
EuroQol five-dimension questionnaire. The patients and med-
ical staff members directly involved with the procedure were
blinded to the medication used.
Results The patients’ pain levels were mild in both analgesic
groups. Meperidine appeared to be slightly more effective
than fentanyl, although the differences in the average pain
score and quality of life were not statistically significant.

Conclusion Both meperidine and fentanyl in combination
with benzodiazepine were effective in relieving pain and dis-
comfort in patients undergoing brachytherapy.
Trial Registration NCT02684942, ClinicalTrials.gov

Keywords Brachytherapy .Meperidine . Fentanyl . Pain
management . Quality of life

Introduction

Cervical cancer is a major health threat in developing coun-
tries and one of the most prevalent cancer types worldwide.
Global cancer statistics estimated cervical cancer to be the
fourth leading type of female cancer accounting for 527,600
new cases and 265,700 deaths in 2012, and 485,000 new cases
and 236,000 deaths in 2013 [1, 2]. In 2016, in the USA, there
were nearly 13,000 new cases and 4120 deaths from the dis-
ease [3]. Cervical cancer is also more pronounced in develop-
ing countries, where human papilloma virus screenings could
prove to be particularly useful in reducing the number of
deaths [4].

Cervical cancer, similar to other non-communicable dis-
eases, has substantial socioeconomic impacts and adversely
affects patients’ quality of life (QoL). Presently, the major
treatment modality for stage 0 to IA cervical cancer is surgery.
Concurrent chemoradiation is the standard practice for the
other stages (IB to IVA) [5, 6]. Chemotherapy and radiother-
apy also play a large role as palliative treatments in the man-
agement of advanced-stage cervical cancer [7, 8].

Radiation therapy for cervical cancer involves external
beam radiotherapy and intracavitary brachytherapy.
Brachytherapy is crucial in the treatment of cervical cancer
and significantly improves patient survival [9, 10]. However,
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this procedure can be extremely painful and laborious because
the physician places the patient in the lithotomy position and
inserts applicators through her cervix during a 15 to 30 min
brachytherapy session. The whole process takes up to approx-
imately 2 to 3 h, usually causing the patient distress. Pain is
considered a major stress factor which causes posttraumatic
stress disorder in patients undergoing brachytherapy [11]. As a
result, the American Brachytherapy Society recommends that
the procedure is performed under conscious sedation (intrave-
nous analgesia), sedation (total intravenous anesthesia), re-
gional analgesia (paracervical blockade or spinal analgesia),
or general anesthesia [12]. However, there is no consensus
regarding a standard sedation protocol for brachytherapy or
which sedative medication is best suited for the procedure.
Nearly 35% of brachytherapy procedures are currently per-
formed under conscious sedation using regional anesthesia
[13]. The benzodiazepines, a class of psychoactive drugs used
to treat anxiety, insomnia, and a range of other conditions by
enhancing the effects of neurotransmitters, are often used to
alleviate stress and promote sleep in patients undergoing
brachytherapy [14]. Meperidine is an opioid analgesic with
pain-relieving properties. This drug is used to relieve moder-
ate to severe pain, including pain during labor and pain before
and during operations. However, intramuscular injection of
meperidine appears to be ineffective for relieving pain during
the brachytherapy procedure [15]. In contrast, fentanyl is often
used in high-dose-rate brachytherapy for cervical cancer, es-
pecially in combination with midazolam [16, 17]. Either an-
algesic has been utilized with benzodiazepine, yet the proper-
ties and pharmacokinetics of these two analgesics are dissim-
ilar. Both anesthetics have a clearance time of 3 to 8 h.
Meperidine has an onset time of 10 to 15 min and a duration
of action of 120 to 240 min. Fentanyl has a shorter onset time
of 7 to 8 min and a duration of action of 30 to 60 min, which is
shorter than the required duration for brachytherapy. Thus, the
patient could experience pain after its action has ceased. In the
present study, we compared the efficacy of meperidine and
fentanyl in terms of pain relief and QoL in patients with cer-
vical cancer receiving brachytherapy.

Patients and methods

Patient selection and study design

Forty female outpatients (age, 20–80 years) with cervical can-
cer, staged IB to IVB based on the International Federation of
Gynecology and Obstetrics (FIGO) staging system, initially
underwent (chemo)-external beam radiotherapy prior to four
fractions of brachytherapy from June 2013 to September 2014
were enrolled in the study on a voluntary basis.

The inclusion criteria were good consciousness, an ability
to understand and provide information, no hearing

impairment, and an Eastern Cooperative OncologyGroup per-
formance level of 0 to 2. The exclusion criteria were prior
pelvic brachytherapy and a history of allergy to meperidine,
fentanyl, or benzodiazepine. The measurement parameters
were the numerical rating scale for pain score (0–10) and the
EuroQol five-dimension questionnaire (EQ-5D) for QoL, giv-
en their reliabilities as previously demonstrated [14, 18, 19].
The patients were randomized into six groups. Each group
received 10 mg of an intravenous benzodiazepine. These an-
esthetics were sealed in six paper bags by a nurse not involved
in the study. The sample size of 40 patients was determined
using a 10% difference in the visual numeric pain scale score
(α = 0.05, β = 0.2). Using Stata version 12 (StataCorp,
College Station, TX, USA), two-sample comparison of means
revealed a required number of 73 patients in each group.
Therefore, each patient was treated with 4 fractions of brachy-
therapy (80 fractions in each drug group), and the total number
of patients was 40. Patients grouping and randomization
followed the diagram (Fig. 1).

Brachytherapy procedures

Before the brachytherapy procedure, each patient was restrict-
ed to nothing by mouth (NPO) for 6 h, and a 22-G needle was
cannulated in either forearm for intravenous fluid administra-
tion. The patient-reported pain score was assessed prior to the
intervention and every 15 min throughout the procedure. QoL
was assessed using the EuroQol five-dimension questionnaire
(EQ-5D) before the treatment and immediately after comple-
tion of each fraction. Information regarding the drug used was
blinded from both the patients and staff members directly
involved in the procedure (radiation oncologists, nurses, ra-
diotherapists, and medical physicists).

Sedation regimen and patient monitoring

All patients received supplemental oxygen via a cannula at
3 L/min. Percutaneous oxygen saturation, electrocardiography
parameters, heart rate, and noninvasive blood pressure were
monitored every 5 min. Each patient received four fractions of
brachytherapy: either two fractions each of fentanyl and a
benzodiazepine or two fractions each of meperidine and a
benzodiazepine. Each drug was diluted with 10 mL of color-
less normal saline in a clear syringe and labeled Bprotocol
drug.^ Some syringes contained 50 mg of meperidine and
others contained 100 mg of fentanyl. One of these two opioids
was administered, followed by benzodiazepine after 1 min.
An additional opioid at a dose determined by the radiation
oncologist was administered if the pain score was ≥4. After
the protocol, the patients were transferred to the recovery
room for standard monitoring and care for 1 h.
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Data collection

The following data were collected: radiation treatment tech-
nique, tumor size, ovoid size, radiation dose, duration of
brachytherapy treatment, applicator insertion time, and time
in the recovery room.

Data analysis

The patients’ demographic data are expressed as frequen-
cy and percentage. Parameters are expressed as mean and
standard deviation. Categorical data were analyzed using
the chi-square test, whereas the pain score and QoL were
analyzed using Fisher’s exact test. Comparisons between
the two groups were examined by a non-dependent t test.
All data were explored using Stata/SE version 12
(StataCorp). A p value of <0.05 was considered statisti-
cally significant and is presented with its 95% confidence
interval.

Results

Forty patients with cervical cancer were enrolled in the study,
and nonewere subsequently excluded. Themedian patient age
was 56 years (range, 32–79 years). Most of the patients had
stage IIb and IIIb cervical cancer, based on FIGO staging,
accounting for 40.0 and 37.5%, respectively. Additionally,
most of the patients (75.0%) received two-dimensional con-
formal brachytherapy. The patients’ demographic data are pre-
sented in Table 1.

The average duration of the procedure was 2.5 ± 0.5 h. The
median ovoid size was 2 cm, and the average tumor size and
radiation dose were 2.0 ± 0.5 cm and 37.6 ± 15.6 cGy, respec-
tively. The total dose of intravenous meperidine and fentanyl
was 50.13 ± 0.26 mg and 100.18 ± 0.32 μg, respectively
(Table 2). The duration of applicator insertion was
17.0 ± 7.53 and 20.31 ± 12.77 min for the patients treated with
meperidine and fentanyl, respectively. During the insertion
time, the patients experienced pain; however, the difference
in pain severity between the two groups was not significant.

Assessed for eligibility (n=40)

CCRT (Cisplatin weekly+EBRT)

EBRT (Whole Pelvis 50 Gy/25Fraction+ICRT 4 Fraction)

Excluded (n=0)

Group 1(n=7) 

Randomized (n=40)

1
st

Fraction 

2
nd

Fraction 

3
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4
th
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Fentanyl

Fentanyl

Meperidine

Meperidine

Meperidine Fentanyl Meperidine Fentanyl Meperidine
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Meperidine

Fentanyl

Meperidine

Fentanyl
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FentanylMeperidine
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Fig. 1 Flowchart diagram of included patients. Patients were randomized into six different treatment groups for their orders of analgesics received
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Following the randomization scheme which attempted
to minimize inter-patient partiality on assessing the pain
scores, we found that although there were no statistically
significant differences in the pain scores between the two
groups from baseline to discharge (Table 3), patients re-
ceiving fentanyl appeared to experience slightly more
severe pain than those treated with meperidine, as shown
in Fig. 2. At 45 min, the pain levels were peaked; it was
likely due to the pressure in the bladder and vaginal
cavity as the vaginal cavity was packed with gauze rolls
to hold the bladder and rectum in place for fixed posi-
tioning before loading of the iridium source. The patients
then received additional analgesics if their pain levels
were 4 or above. Further, we assessed the patients’
QoL using the EQ-5D questionnaire and found that their
QoL was marginally affected by brachytherapy treatment
(Table 4). Pain and discomfort were the main problems

that the patients had to endure, followed by anxiety and
depression. The two treatment groups also showed no
significant differences among the five QoL dimensions.
Finally, no significant cardiovascular or respiratory
events occurred during the procedure.

Discussion

Patients undergoing intracavitary brachytherapy require inser-
tion of an intrauterine tandem and vaginal colpostats, which
can cause severe vaginal discomfort [15]. Conscious sedation
is a preferred choice for brachytherapy as opposed to general
anesthetic due to lower complication rates and shorter recov-
ery time which allows applicability for outpatient setting [12,
20]. Several regional and alternative anesthetics have been
introduced for the procedure [21]. Fentanyl has become an
analgesic of choice because of its rapid onset and clearance
[12], while intramuscular injection of meperidine has long
been administered as part of the procedure. These two medi-
cations were previously compared in 70 patients undergoing
closed reduction of fractures and dislocations, and there was
no difference in the visual analog pain scores between patients
receiving meperidine and those receiving fentanyl, both in
combination with midazolam [22]. These results are consis-
tent with our data, which showed no clear efficacy in pain
relief during the brachytherapy procedure in either group, as
tumor sizes were not statistically different between the groups.
The patients received different sequences of the two analge-
sics in order to avoid varied treatment responses, tumor sizes,
and individual pain perceptions which could cause biased in
pain score assessment. Similarly, the two analgesics were
equally effective in terms of sedation for pediatric

Table 2 Treatment-related factors for each treatment group. Data for
each brachytherapy fraction were recorded and presented as
mean ± standard deviation

Variable Meperidine
(n = 80)

Fentanyl
(n = 80)

p
value

Ovoids size in cm, median
(range)

2 (1.5–3) 2 (1.5–3) 1.000

Tumor size average (cm) 2.23 ± 1.29 2.21 ± 1.25 0.710

Tumor size at

1st fraction 3.00 ± 1.13 3.20 ± 1.31 0.609

2nd fraction 2.35 ± 1.13 2.61 ± 1.15 0.474

3rd fraction 1.75 ± 1.12 2.10 ± 1.02 0.307

4th fraction 1.61 ± 1.02 1.32 ± 0.94 0.371

Drug dose 50.13 ± 0.26
(mg)

100.18 ± 0.32
(μg)

0.387

Applicator insertion time
(min)

17.00 ± 7.53 20.31 ± 12.77 0.207

Radiation dose (Gy) 37.52 ± 15.17 38.41 ± 15.32 0.601

Table 3 Levels of pain score assessed from the patients starting from
pre-procedure and every 15 min into the brachytherapy procedure. Pain
score is scaled from 0 to 10. Data presented as mean ± standard deviation

Variable Pain p valuea

Meperidine(n = 80) Fentanyl (n = 80)

Baseline 0.04 ± 0.25 0.14 ± 0.55 0.146

Min 0 0.49 ± 1.18 0.40 ± 1.16 0.328

Min 15 0.59 ± 1.38 0.65 ± 1.21 0.472

Min 30 1.05 ± 1.76 1.24 ± 2.21 0.915

Min 45 1.33 ± 2.09 1.70 ± 2.48 0.447

Min 60 0.61 ± 1.48 0.81 ± 1.83 0.524

Min 75 0.49 ± 0.99 0.53 ± 1.12 0.938

Min 90 0.24 ± 0.80 0.13 ± 0.58 0.160

Min 105 0.24 ± 0.80 0.13 ± 0.58 0.160

Discharge 0.24 ± 0.80 0.13 ± 0.58 0.160

aMann–Whitney U test

Table 1 Patient
demographics. Age is
presented as
mean ± standard
deviation; the remaining
data are presented as
number (percent) of
patients (N = 40)

Age in years 56.7 ± 12.9

Radiation modality

2D conformal 30 (75.0)

3D conformal 10 (25.0)

FIGO stage

IB 5 (12.5)

IIA1 2 (5.0)

IIA2 1 (2.5)

IIB 16 (40.0)

IIIB 15 (37.5)

IVB 1 (2.5)

2D two-dimensional, 3D three-dimension-
al, FIGO International Federation of
Gynecology and Obstetrics
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gastrointestinal endoscopy [23]. However, a randomized con-
trolled trial on the pain scores and procedure times of 111
patients undergoing gastrointestinal endoscopy showed that
meperidine was associated with better pain scores while fen-
tanyl was associated with a significantly shorter procedure
time [24]. These findings were in accordance with a study of

1963 outpatients undergoing gastrointestinal endoscopy by
Dzeletovic et al. [25].

During the treatment period, most patients experienced a
moderate level of pain; this is consistent with the findings of
many studies regardless of the analgesics used [12, 15, 22,
26]. One exception is a study of the effects of caudal epidural
anesthesia during brachytherapy, which demonstrated moder-
ately high pain scores ranging from 5.17 to 6.80 [27]. Our
results further highlight that fact that although neither fentanyl
nor meperidine showed distinct superiority over the other, we
could decrease the patients’ pain to very mild levels (score of
0.04–1.70) by re-administering the drugs, as needed, if the
pain scores were 4 or above regardless of the step in the pro-
cedure as tominimalize the pain to bewithin the range of amild
level (score 1–3). The total treatment duration was also similar
for both drugs, unlike in gastrointestinal endoscopy, because
the dose rate of radiation determined the length of time.

With respect to QoL, both fentanyl and meperidine had
undistinguished effects on the patients’ daily activities and
perceptions. This result is consistent with the findings of a
previous study of 54 patients under sedation with propofol/
fentanyl and midazolam/meperidine; the authors found no dif-
ferences in the patients’ pain scores or satisfaction [28].
Several studies on brachytherapy have emphasized patients’
post-treatment QoL, including sexual function, vaginal chang-
es, and menopausal symptoms [29, 30]. Conversely, the focus
of the present study was the patients’ day-to-day undertakings,
for which neither drug showed superior efficacy.
Nevertheless, previous reports have indicated that the mental
health of patients with cervical cancer decreased a few years
after the radiotherapy treatment. The patients’ main concerns
were body image and sexual concerns, and their QoL in the
psychological domain sometimes plummeted even 15 years
after the treatment [31–33]. An extended assessment of the
patients’ QoL could provide a broader comparison of the
two medications.

Themajor limitations of this study are that it was based on a
single-center design and that we did not measure the difficulty

Table 4 Quality of life of the patient assessed with the EQ-5D
questionnaire. Data are presented as number (percent) of patients
(N = 40, each underwent 4 separate procedures, totally 160 procedures)

Variable Quality of life p
valuea

No
problems

Some
problems

Severe
problems

Mobility before treatment 31 (77.5) 9 (22.5) 0 (0.0)

Mobility after treatment

Meperidine 62 (78.5) 16 (20.2) 1 (1.3) 0.849
Fentanyl 58 (75.3) 18 (23.4) 1 (1.3)

Self care before treatment 35 (87.5) 4 (10.0) 1 (2.5)

Self care after treatment

Meperidine 68 (86.1) 11 (13.9) 0 (0.0) 0.213
Fentanyl 69 (89.6) 6 (7.8) 2 (2.6)

Usual activities before
treatment

31 (77.5) 8 (20.0) 1 (2.5)

Usual activities after treatment

Meperidine 55 (69.6) 22 (27.8) 2 (2.5) 0.955
Fentanyl 53 (68.8) 21 (27.3) 3 (3.9)

Pain/discomfort before
treatment

20 (50.0) 20 (50.0) 0 (0.0)

Pain/discomfort after treatment

Meperidine 27 (34.2) 49 (62.0) 3 (3.8) 0.509
Fentanyl 23 (29.9) 53 (68.8) 1 (1.3)

Anxiety/depression before
treatment

26 (65.0) 14 (35.0) 0 (0.0)

Anxiety/depression after treatment

Meperidine 46 (58.2) 32 (40.5) 1 (1.3) 0.762
Fentanyl 42 (54.5) 33 (42.9) 2 (2.6)

a Fisher’s exact test

0
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1.2
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Fig. 2 Pain levels of patients
undergoing intracavitary
brachytherapy for cervical cancer
at indicated time points during the
procedure. Patients received
benzodiazepine with either
fentanyl or meperidine as
anesthesia
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of applicator insertion. Additional research is needed to eval-
uate the difficulty of the procedure and factors influencing
development of moderate to severe pain. Additional studies
are also needed to develop nursing care and management pro-
tocols during brachytherapy by conscious sedation. The effi-
cacy of nursing care interventions in multi-site studies needs
to be tested and translated into practice to reduce pain and
improve QoL for patients with cervical cancer receiving
brachytherapy. Additionally, pain should be assessed every
15 min during the procedure because some patients may ex-
perience continuous pain. Overall, the present results suggest
that outpatients with cervical cancer undergoing brachythera-
py experience a moderate degree of pain. Given these data, the
radiation oncologist and radiation oncology nurse should
manage such patients to prevent their pain from becoming
severe and assist them in transitioning to mild or no pain.

Based on the present and previous studies, meperidine and
fentanyl appear to be safe and effective anesthetics for patients
with cervical cancer. Repeated administration of these seda-
tives can also be performed to decrease the patients’ pain
levels and sustain their QoL. A long-term follow-up of their
QoL and potential occurrences of posttraumatic stress disorder
(PTSD) would be desirable to further evaluate their efficacies.
According to the current study, as meperidine is relatively
inexpensive compared with fentanyl and non-inferior pain-
relieving efficacy, it has been regularly used by our radiation
oncologists to relief pain in a conscious patient.
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