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Abstract

Purpose Continuous epidural infusion and programmed
intermittent epidural boluses are analgesic techniques rou-
tinely used for pain relief in laboring women. We aimed to
assess both techniques and compare them with respect to
labor analgesia and obstetric outcomes.

Methods After Institutional Review Board approval, 132
laboring women aged between 18 and 45 years were rand-
omized to epidural analgesia of 10 mL of a mixture of 0.1%
bupivacaine plus 2 pg/mL of fentanyl either by programmed
intermittent boluses or continuous infusion (66 per group).
Primary outcome was quality of analgesia. Secondary out-
comes were duration of labor, total drug dose used, maternal
satisfaction, sensory level, motor block level, presence of
unilateral motor block, hemodynamics, side effects, mode
of delivery, and newborn outcome.

Results Patients in the programmed intermittent epidural
boluses group received statistically less drug dose than those
with continuous epidural infusion (24.9 vs 34.4 mL bupiv-
acaine; P = 0.01). There was no difference between groups
regarding pain control, characteristics of block, hemody-
namics, side effects, and Apgar scores.

Conclusions Our study evidenced a lower anesthetic con-
sumption in the programmed intermittent boluses group with
similar labor analgesic control, and obstetric and newborn
outcomes in both groups.
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Introduction

Labor is one of the most painful experiences a woman can
undergo during her life [1]. The American College of Obste-
tricians and Gynecologists mention that under no circum-
stance it is acceptable for a woman to feel pain, and they
consider maternal request as a sufficient reason to provide
pain relief by the medical staff [2]. In fact, pain has been
proven to affect maternofetal physiology and neuropsychol-
ogy [3]. Therefore, pain relief during labor is an essential
part of practice since it helps to decrease the negative impact
on both mother and baby [4].

In order to achieve adequate pain relief, different analge-
sic techniques such as continuous epidural infusion (CEI)
and patient-controlled epidural analgesia (PCEA) have been
described [5]. Both techniques have been effective to control
pain during labor and delivery. Studies on CEI have shown
that it provides adequate control of analgesia for labor and
delivery and that it has been better than other techniques
such as single-shot IV opioids [6].

A newer technique of analgesia maintenance, pro-
grammed intermittent epidural boluses (PIEB), has been
compared to CEI. A meta-analysis by George et al. com-
pared PIEB to CEI finding a higher maternal satisfaction
score and less anesthetic consumption with PIEB [7]. How-
ever, no final conclusions were drawn and more research on
this topic was advised.

Previous randomized controlled trials from this meta-
analysis had a limitation. Either they used non-commer-
cial PIEB devices; or intermittent epidural boluses were
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administered manually [8]. This study aimed to overcome
this limitation.

Materials and methods

This was a prospective, randomized, controlled, single
blind, and parallel clinical trial. It was approved on May
2015 by the Corporate Committee of Ethics in Research
(CCEI-3413-2015) and carried out at Hospital Universitario
Fundacién Santa Fe de Bogot4 over a 1-year period. The
trial was registered with ClinicalTrials.gov (NCT02510287).

Written informed consent was obtained before enrolling
patients. Patients who met the inclusion criteria were labor-
ing term women aged between 18 and 45 years requiring
epidural analgesia. Patients with American Society of Anes-
thesiologists physical status >1II, allergy to local anesthetics,
hemodynamic instability, chronic use of analgesics, mental
disease, pregnancy related disease/high obstetric risk, or
with any neuraxial contraindication were excluded.

Once the patient requested epidural analgesia, the attend-
ing anesthesiologist proceeded according to protocol: non-
invasive blood pressure measurement, heart rate and pulse
oximetry monitors, and a 500 cc co-load of intravenous lac-
tate ringer. The epidural catheter was placed 7 cm deep in
all patients. Each patient received an initial loading dose
of 10 mL of 0.1% bupivacaine (2 mL of 0.5% bupivacaine
plus 50 pg/mL of fentanyl in 7 mL of 0.9% normal saline).
Next, patients were randomized according to a computer
generated sequence to analgesia with either PIEB or CEI
with a 1:1 allocation ratio. The randomization sequence was
only known by the research assistant and the nurse staff in
charge of drug administration. Neither the patient nor the
attending anesthesiologist nor the outcome assessor knew
the randomization sequence.

Patients in the PIEB group received every hour a 10 mL
bolus of a mixture of 0.1% bupivacaine plus 2 pg/mL of
fentanyl in 0.9% normal saline with the first PIEB bolus
given 1 h after the initial loading dose. Patients in the CEI
group were administered a continuous infusion of 10 mL/h
of the same mixture started immediately after the ini-
tial loading dose. For both groups, 10 mL rescue boluses
(RB) of the same mixture were available as needed by the
patient and programmed in the pump by the obstetric nurse.
She accessed the pump using a security access code that
was meant to avoid bolus application by the patient or any
other health personnel. There was no limit for the number
of RB administered. The epidural pump Sapphire™ Epi-
dural Infusion Pump Kit was used for automated anesthetic
administration (Sapphire Pump, Hospira, Lake Forrest, IL,
USA). This epidural pump allows programmed intermittent
epidural bolus administration with a maximal bolus dose
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infusion speed of 200 mL/h. However, the pump was set to
administer bolus at an infusion speed of 125 mL/h.
The following data were recorded:

1. Before initial dose: cervical dilation, pain level with
Verbal Analogue Scale (VAS), and hemodynamics. The
VAS ranged from 0 (no pain) to 10 cm (worst pain ever).

2. At 15 min post-epidural and at every following hour
until delivery: sensory level as assessed by highest der-
matomal block to cold stimulus, motor block level as
assessed by modified Bromage scale (0: no block, 1:
partial, 2: almost complete, 3: complete), quality of
analgesia as assessed by VAS, maternal satisfaction as
assessed by hourly Verbal Rating Scale (VRS), unilat-
eral motor block, and hemodynamics (blood pressure
and heart rate). The VAS and VRS assessment was
done hourly, at the time of bolus administration, but the
assessment evaluated the previous hour.

3. At the time of occurrence: side effects such as nausea,
vomiting, pruritus, and hypotension.

4. After delivery: newborn outcome as assessed by Apgar
at 1, 5, and 10 min. Duration of labor (once epidural was
given), total drug dose used, and mode of delivery.

The primary endpoints were the differences in pain con-
trol (VAS) between both groups. Secondary outcomes were
patient satisfaction level, total drug dose used, incidence of
side effects, changes in hemodynamic status, and impact of
analgesia on the Apgar score.

Statistical analysis

Epi Info statistical software, version 7.1.4 (CDC; Atlanta,
GA, USA) was used to calculate sample size to detect a
10% reduction in the difference of means of breakthrough
pain between the two groups given a statistical power of
80%, a two-tailed alpha error of 5% and an expected 10% of
patient withdrawal rate. Assuming a mean difference, a total
of 132 patients (66 per group) were obtained. Variables were
described according to their normal or non-normal distribu-
tion with descriptive statistics or non-parametric statistics,
respectively. A P < 0.05 was considered significant.

Results

Two hundred patients were screened but 68 either declined
to participate or did not meet inclusion criteria. One hun-
dred thirty-two were finally recruited and randomized
from June 2015 to May 2016. A total of 132 patients were
included in the study. Four of the datasets were incom-
plete, finally enrolling 128 women, 64 in each group
(Fig. 1). Table 1 shows patient demographic and obstetric
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Enrollment

Assessed for elegibility (n=200)

Excluded (n=68)

- Not meeting exclusion criteria (n=55)
- Declined to participate (n=13)

Randomized (n=132)

Allocated to continuous ‘ Allocati ‘ Allocated to programmed
epidural infusion (n=66) ocation intermittent boluses (n=66)
Lost to follow-up due to Lost to follow-up due to
missing data (n=2) ‘ Follow-Up ‘ missing data (n=2)
Analysed (n=64) — Analysed (n=64)
- However, 2 patients had ‘ Analysis ‘ - However, 2 patients had
delivery within 60 minutes delivery within 60 minutes
Fig. 1 Study flow chart
Table 1 Patient demographic and obstetric characteristics Table 2 Mean pain VAS score of patients per group at each time
assessed
PIEB CEI P value
n=064(%) n=64(%) PIEB CEI P
Maternal age (years) 31.6+5.1 323+3.8 03432 Mean score CI195% Mean score CI95%
. 2
Body mass index (kg/m") 27.1£35 2729 0895 Before epidural 7.9 (2.05)  7.4-8.5 7.6(1.9)  7.1-8.1 0.41
Marital status 0.454 15 min 2227 1529 25@23) 19-301 058
Single 604 463 60 min 2228 1529 2928 2337 0.3
Married 53(828) 51(79.7) 120 min 25(33) 1535 363.1) 2645 0.11
Cohabitation 578 904 180 min 26(3.1) 1538 2927 1939 072
Comorbidities 240 min 206) 07-33 33(32) 1947 0.17
Endocrinologic 16 (25) 23(359) 0.179
Neurologic 2@3.1) 4(6.3) 0.680 Data are presented as mean (SD), median (range), or number (%) as
Cardiovascular 0 1(1.6) 1.000 appropriate
Pulmonary 2 (3.1 0 0.496
Renal 1(1.6) 0 0.496 characteristics. Both groups of patients had similar charac-
Gastrointestinal 0 0 teristics (P > 0.05)
Geste.ltlonal age (weeks) 382£16 386£0.7 0192 78% of the women had an initial severe VAS (>7) in
Grav't?' 0.757 both groups. There was no significant difference regarding
Grav?da ! 32650) 343D VAS between groups as seen on Table 2. At the first hour,
Gravfda 2 1929.7)  2031.3) 6.25% from the PIEB group remained with severe pain vs.
Gravfda 3 12388)  8(12.5) 14.1% from the CEI group (P = 0.57). VAS analysis by par-
G.raV1da >4 1(1.5) 263D ity within each group was similar for CEI and PIEB groups
Parlty' 0465 (P = 0.55 and P = 0.22, respectively). Figure 2 shows
Nu“‘? arous 42(656)  38(394) the percentage of women with breakthrough pain control
Multiparous 22344 26 (40.6) (VAS > 4) from the moment of epidural request until the
Cervical dilation at epidural 41+12 4+13 0.6227

request

Data are presented as mean (SD), median (range), or number (%) as
appropriate

fourth hour of follow-up (P = 0.82). Maternal satisfaction
VRS was similar for both groups at each time assessed
(Table 3). Cut-off points for VRS were considered as satis-
fied if the score was >7 and unsatisfied if the score was <7.
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Table 3 Satisfaction VRS score PIEB CEI P There was no difference in sensory block with dermatomal
of patients per group at each block to cold stimulus varying between T6 and T12 in both
time assessed 15 min 0.62 groups at the different times measured (data not shown in
<7 3.13 781 table). Presence of motor unilateral block in both groups was
27 96.87 92.19 not statistically different (P > 0.05). Hemodynamic changes
60 min 0.68 are shown in Fig. 3. Heart rate and arterial pressure were not
<7 4.84 11.29 statistically different between groups.
27 95.16  88.71 Regarding the incidence and time of occurrence of side
120 min 0.96 effects, there was no significant statistical difference. Overall
<7 1333 435 incidence of nausea, vomiting, pruritus, and hypotension in
27 86.67 95.65 both groups was of 17.18% in the PIEB group vs. 21.88% in
180 min 0.78 the CEI group (Table 6).
<7 6.90 3.3 Newborn outcome showed no significant statistical dif-
>7 93.10 96.67

Data are presented in percent-
age (%)

In regard to anesthetic consumption (Table 4), a statistical
significant difference was found for RB between both groups
(P = 0.011). The bupivacaine total dose was statistically
significantly lower for the PIEB group (P = 0.013).

Characteristics of block include sensory level, motor
level, and the presence of unilateral motor block (Table 5).

ference on Apgar at 1, 5, and 10 min after birth (Table 7).
Obstetric outcomes regarding labor type and duration of
labor were similar between groups (Table 8).

Discussion

Our primary outcome was efficacy of pain control by PIEB
and CEI on laboring term women. We found that there was
no statistical difference with both groups having similar pain
scores at different times assessed. Most studies have been

Table 4 Anesthetic

At PIEB 95% CI CEI 95% CI P value
consumption in each group =64 n=64
including rescue boluses as
requested by the patient At least one rescue bolus 12 (18.8) 25 (39) 0.011
Number of rescue boluses (10 mL/each)
1 12 (100) 20 (80)
2 0 4 (16)
3 0 14
Bupivacaine total dose (mg) 249 + 135 21.5-28.3 344 +21.4 29.0-39.7 0.013

Data are presented in percentage (%) or median (range) as appropriate
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Table 5 Characteristics of blockade
Number PIEB CEI
n=~64 n==62 n=44 n=30 n==64 n==62 n=45 n=30

Time point 15 min 60 min 120 min 180 min 15 min 60 min 120 min 180 min
Motor blockade (Bromage scale)

0 59 (92.2) 55 (88.7) 36 (80) 21 (70) 52 (81.3) 46 (74.2) 30 (65.2) 16 (53.3)

1 4(6.25) 7(11.3) 8 (17.8) 6 (20) 6(9.4) 9 (14.5) 9 (19.6) 11 (36.7)

2 0 0 1(2.2) 3 (10) 1(1.6) 3(4.8) 4(8.7) 2 (6.7)

3 1(1.6) 0 0 0 5(7.8) 4(6.5) 3(6.5) 1(3.3)
Unilateral motor block 14 (21.2) 16 (25.8) 13 (29.5) 7(23.3) 19 (30.2) 21 (33.9) 18 (40) 12 (40)

Data are presented as mean (SD), median (range), or number (%) as appropriate

done on nulliparous women, while few have been done on
multiparous women. The study conducted by Wong et al. on
multiparous women found similar labor pain in PIEB and
CEI groups [9]. In fact, they attributed this result to PCEA
for breakthrough pain. Our study, which allowed nulliparous
as well as multiparous women to request RB, had no differ-
ence on pain control when performing subgroup analysis.

Among secondary outcomes assessed were maternal
satisfaction, total drug consumption, hemodynamics, side
effects, newborn outcome, mode of delivery, and duration
of labor.

Maternal satisfaction measures overall satisfaction with
care provided [10]. It relies on pain control, but also on
much more as follows: side effects, adequate sensory and
motor block, and emotional dimension. Previous studies
have found a greater maternal satisfaction in those women
who received PIEB [7]. However, we found no significant
statistical difference on satisfaction scores between groups.
Access to RB immediately after patient request allowed
for adequate control of pain influencing perhaps maternal
satisfaction.

We found a significant greater anesthetic consumption in
the CEI group. This was due to the request of 2.1 times more
RB in the CEI group and almost half of the women assigned
to this group needed at least one RB. The relevance of this
finding relies on the disadvantage of RB increasing the
workload for the medical staff and may delay pain control
[8, 11]. In a study conducted by Capogna et al. none of their
patients requested manual RB. However, patients received
PCEA as needed, and the number of patients requiring
PCEA boluses was almost six times greater in the CEI group
[12]. This means that although pain control was similar in
both groups, patients under CEI needed more drugs in order
to achieve the same VAS than the PIEB group.

Chua and Sia’s records of SBP from their patients were
similar between the two groups [13]. They considered the
low anesthetic concentration used and rate of epidural infu-
sion applied to be responsible for this result. Likewise, we
found similar hemodynamics in both groups. Although we

used bupivacaine instead of ropivacaine, the drug concentra-
tion used was the same. This supports their results on the
lack of impact of local anesthetics on patient hemodynamics
when administering low epidural concentrations.

Side effects include those related to drugs used in epi-
dural analgesia. In a study published last year by Maggiore,
more patients in the CEI group had at least one narcotic-
related adverse effect such as nausea, while the incidence of
epidural-related side effects was similar in both groups [14].
They did not report mean time to occurrence of side effects.
We found no difference concerning nausea, vomiting, pru-
ritus, and hypotension. However, as evidenced in Table 6,
mean post-epidural time to nausea was within the first hour
for PIEB, while mean post-epidural time to nausea for CEI
was 163 min. Since the first PIEB was administered 1 h after
epidural block, we cannot conclude that nausea was related
to the PIEB technique in our study.

Neuraxial administration of opioids, for instance fenta-
nyl, has been associated to a risk of clinically significant
diminished neonatal outcome [15]. Although Apgar has
been questioned to not show accurate neonatal respiratory
depression, it is the widely and routinely test used for this
purpose [16]. We found no difference in Apgar scores at 1,
5, and 10 min after birth. These findings are consistent with
literature evaluating the safety of analgesic techniques on
neonates [3, 17, 18].

A study conducted by Salim et al. used a similar mixture
of epidural solution to ours, but the local anesthetic concen-
tration used per group was different [19]. Their study, as well
as our study, found no difference with respect to the duration
of labor and labor type.

In 2002, Hogan observed the macroscopic aspects of
epidural spread discovering an uneven distribution of the
solution in the epidural space depending on the pressures
of compression applied [20]. Some previous studies were
limited to manual boluses with the bias of applying dif-
ferent pressures by being operator-dependent [14, 21, 22].
Our study abolished this bias using automated boluses with
default pressures of compression.

@ Springer
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Even if the rate of unilateral motor block in our study
was high, previous studies have described similar rates for
this event [23, 24]. Differences between both groups for
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this variable were not statistically significant, evidencing
that both techniques pose risk for unilateral motor block.
However, epidural catheter was carefully placed 7 cm deep
in all patients.
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Table 6 Side effects of PIEB 95% CI CEI 95% CI P value
blockage n=64 n =64
Nausea 4(6.25) 7 (10.94) 0.530
Min post-block 36.3 (36.8) 22.35-94.85 163.6 (147.4) 27.29-299.86 0.1308
Vomiting 1(1.56) 1 (1.56) 1
Min post-block 30 195
Pruritus 4(6.25) 5(7.81) 1
Min post-block 63.75 (25.61) 22.99-104.51 78 (24.64) 47.4-108.6 0.6121
Hypotension 2(3.12) 1 (1.56) 1
Min post-block 27.5 (3.53) 4.27-59.27 15

Data are presented as mean (SD), median (range), or number (%) as appropriate

Table 7 Newborn Apgar at 1, 5, and 10 min after birth

PIEB CEI P value
n=064 n =64
Minutes after birth
1 8.6 (6-9) 8.4 (6-10) 0.548
5 9.7 (8-10) 9.6 (7-10) 0.695
10 9.9 (8-10) 10 (8-10) 0.342

Data are presented as mean (SD), median (range), or number (%) as
appropriate

Table 8 Obstetric outcomes

PIEB CEI P value
n=64 n=064
Labor type 0.626
Vaginal 55(85.9) 53 (82.8)
Cesarean section 9(14.1) 11 (17.2)
Instrumental vaginal delivery 0.262
Yes 5(9.1) 2(3.8)
No 50 (90.9) 51 (96.2)
Duration of labor analgesia 219.7 (134.2) 186.3(93.4) 0.3227

(min)

Data are presented as mean (SD), median (range), or number (%) as
appropriate

This study had some limitations: Our hospital is a pri-
vate institution with a high income population and since
sociocultural status has been linked to pain acceptance and
different coping styles, further research including a broader
population regarding economic level is advised. Another
limitation was the difficulty in keeping an adequately sta-
tistical population size as labor progressed due to the nature
of the study.

Finally, we conclude that, in line with previous studies,
PIEB and CEI are effective analgesic techniques to control
pain with similar success rates. However, in order to achieve
the same results, a greater consumption of drug is required

when administering CEI. No differences were seen on labor
analgesia, and obstetric and newborn outcomes between
both groups.
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