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Background: Programmed intermittent epidural bolus (PIEB) techniques are a new area of interest for maintaining labor 
analgesia due to the potential to decrease motor block and improve labor analgesia. This study compares continuous epi-
dural infusion (CEI) to 2 PIEB regimens for labor analgesia.
Methods: One hundred fifty patients undergoing scheduled induction of labor at term gestation having epidural labor 
analgesia were randomized to receive an epidural analgesia regimen of bupivacaine 0.125% with fentanyl 2 μg/ml at ei-
ther PIEB 5 ml every 30 min (Group 5q30), PIEB 10 ml every 60 min (Group 10q60), or 10 ml/h continuous infusion 
(Group continuous epidural infusion [CEI]). The primary outcome is the pain scores throughout labor. Secondary out-
comes include degree of motor block, dermatomal sensory levels, the number of physician-administered boluses, and 
patient satisfaction.
Results: While the average pain scores throughout labor did not differ significantly between groups, fewer patients in 
group 10q60 received physician-administered boluses for breakthrough pain (34.9% in 10q60 vs. 61.0% in 5q30 and 
61.9% in CEI, P = 0.022). Dermatomal sensory levels, degree of motor block, and patient satisfaction did not differ sig-
nificantly between groups. 
Conclusions: Our study suggests that high volume PIEB regimens for labor analgesia decrease breakthrough pain and 
physician-administered boluses.

Keywords: Bupivacaine; Continuous epidural infusion; Epidural analgesia; Fentanyl; Induction of labor; Labor analgesia; 
Programmed intermittent epidural bolus.
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Introduction

Epidural analgesia is commonly used to minimize maternal 
pain during labor. Historically, epidural labor analgesia was 
administered as manual boluses [1]. As technology improved, 
continuous epidural infusions (CEI) were provided by pumps to 
provide less labor intensive analgesia [1]. Epidural bolus doses 
provide better spread as compared to continuous infusions [2]. 
Subsequently, patient controlled epidural analgesia (PCEA) al-
lowed for the benefits of bolus dosing while still having the ben-
efit of a continuous maintenance of analgesia by a pump. PCEA 
is currently widely used for labor analgesia. More recently, with 
the introduction of pumps that are capable of automatic boluses, 
programmed intermittent epidural bolus (PIEB) technology has 
become an area of great interest [3–6]. PIEB has the potential for 
decreased local anesthetic use, decreased motor block, and im-
provement in labor analgesia [7,8]. However, it remains unclear 
what is the optimal PIEB dosing regimen.

The majority of recent studies have compared PIEB with 
PCEA to CEI with or without PCEA [9–14]. Not all epidural 
pumps are capable of PIEB and PCEA simultaneously. There-
fore, some studies use two epidural pumps, one for PIEB and 
one PCEA [9,10]. With advancements in pump technology, a 
pump capable of simultaneous PIEB and PCEA is available. Not 
all labor and delivery centers have this pump, and it may not be 
cost effective for institutions to purchase new epidural pumps. 
Therefore, we sought to evaluate whether or not PIEB alone is 
adequate for the maintenance of labor analgesia. We hypothe-
sized that PIEB alone would provide improved labor analgesia as 
compared to CEI. This study compares two different PIEB reg-
imens to CEI in which all groups received an equivalent hourly 
dose of local anesthetic.

Materials and Methods

Study design

We performed a single center, prospective, single-blinded, 
randomized controlled trial to assess the effectiveness of CEI 
versus PIEB on labor analgesia. The Institutional Review Board 
(IRB) at Henry Ford Hospital approved this study protocol (IRB 
# 9347) on March 26, 2015. All study participants gave written 
informed consent that was approved by the IRB prior to enroll-
ing in the study. This study is reported in accordance with the 
CONSORT statement guidelines. 

Study population

From May 2015 through July 2017, all patients presenting 
to the labor and delivery unit at Henry Ford Hospital, which is 

an academic tertiary care hospital, for a scheduled induction of 
labor were assessed for eligibility. Inclusion criteria include all 
English speaking patients at term gestation desiring epidural 
analgesia for a scheduled induction of labor. Exclusion criteria 
include age < 18 years, gestational age < 37 weeks, spontaneous 
labor on admission, spontaneous rupture of membranes, breech 
position or other fetal malposition, multiple gestations, and any 
severe pregnancy related disorder.

Study intervention

At the time of request for epidural analgesia, patients were 
randomized to receive either 10 ml/h CEI (Group CEI), 5 ml 
every 30 min PIEB (Group 5q30), or 10 ml every 60 min PIEB 
(Group 10q60). All groups received the standard epidural solu-
tion that contained 0.125% bupivacaine with 2 μg/ml fentanyl. 
The epidural pump used is the CME Bodyguard Colorvision 
epidural infusion pump. This pump is capable of either PIEB or 
PCEA, with or without a background continuous infusion.

An experienced anesthesia provider placed a lumbar epidural 
catheter with standard sterile technique using loss of resistance 
with a 17 gauge tuohy needle. A 19 gauge spring-wound closed-
tip catheter (B Braun) was threaded 4–6 cm into the epidural 
space. All patients received a test dose of 3–5 ml of 1.5% lido-
caine with 1 : 200,000 epinephrine followed by an initial loading 
dose of 5 ml of the standard epidural solution. If epidural anal-
gesia was appropriately established as demonstrated by a sensory 
level to ice, the patient continued in the study protocol with the 
epidural pump settings as determined by her group randomiza-
tion. As we used a small epidural loading dose, the first PIEB 
dose was administered immediately upon connection of the epi-
dural pump.

An anesthesia provider assessed the adequacy of analgesia for 
the patients throughout the duration of labor. Any breakthrough 
pain was managed with a physician-administered epidural bo-
lus. The choice of local anesthetic, concentration, and volume 
was at the discretion of the anesthesia provider. 

Primary outcome

The primary outcome is the pain score as measured on the 
numeric rating scale (NRS) ranging from 0 to 10 at 30 min, 2 h, 
and every subsequent 2 h after epidural placement. Pain scores 
were also assessed immediately prior to a physician-adminis-
tered bolus. On this NRS, 0 represents no pain, 1–3 represents 
mild pain, 4–6 represents moderate pain, and 7–10 represents 
severe pain [15]. 
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Secondary outcomes

The secondary outcomes include the degree of motor block 
as determined using the Bromage Scale [16] (Table 1), epidural 
sensory dermatomal level as measured with ice, the number of 
physician-administered epidural boluses for breakthrough pain, 
and patient satisfaction. The degree of motor block and the 
epidural dermatomal sensory level was assessed at 30 min, 2 h, 
and every subsequent 2 h after epidural placement. The volume, 
concentration, and timing of all physician-administered epi-
dural boluses for breakthrough pain were recorded in real time. 
Bromage scores and sensory levels were assessed immediately 
prior to any physician-administered bolus. Patient satisfaction 
with epidural analgesia was assessed at the time of epidural 
removal using a 3 point scale (0 = unsatisfied, 1 = satisfied, 2 = 
very satisfied).

Sample size

A study by Wong et al. [10] shows that the median bupiva-
caine consumption for epidural labor analgesia is 12.3 mg/h for 
patients receiving CEI with PCEA. PIEB with PCEA is shown 
to decrease local anesthetic use and improve patient satisfaction 
[8,10]. As all groups in our study received an equal hourly rate of 
bupivacaine of 12.5 mg/h, we anticipated that the PIEB groups 
would have improved analgesia as demonstrated by decreased 
pain scores. We considered a 10%–20% decrease in pain scores 
to be clinically significant. As such, we powered our study for a 
small effect size in primary and secondary outcomes. We deter-
mined that 50 patients in each group would be needed to detect 
an effect size of 0.056 with an alpha less than 0.05 and a power 
greater than 80%.

Randomization and blinding

Prior to enrolling the first patient, group assignments with in-
structions for epidural pump settings were placed in 150 opaque 
envelopes, 50 for each group. These envelopes were mixed and 
randomly placed in a container. At the time of randomization, 

the anesthesia provider randomly selected one of these opaque 
concealed envelopes to determine group randomization. The 
anesthesia provider programmed the epidural pump and placed 
the pump in a dedicated cabinet at each patient’s bedside. The 
patients, obstetrical staff, and nursing staff remained blinded to 
the epidural pump settings and group assignment throughout 
the study. The anesthesia providers were not blinded. 

Statistical methods

Baseline demographics and labor characteristics for each 
group are reported as count (percent) and mean (standard devi-
ation) as appropriate. 

The primary outcome of the pain scores during labor was 
analyzed by calculating the area under the curve (AUC) using 
the trapezoidal rule. Since the duration of labor differed across 
patients, the AUC was normalized by dividing the AUC by the 
duration of epidural analgesia to calculate an average pain score 
for each patient. ANOVA was used to analyze the normalized 
average pain score between groups. Statistical analysis was per-
formed with R (https://www.r-project.org/).

The maximum Bromage score obtained for each patient was 
analyzed using Kruskal-Wallis. The lowest dermatomal sensory 
level for each patient was categorized into adequate (level ≥ T10) 
or inadequate (level < T10). A chi-squared test was used to com-
pare the number of patients with an adequate dermatomal sen-
sory level to the number of patients without an adequate derma-
tomal sensory level. The secondary outcome of the number of 
physician-administered boluses was analyzed using chi-squared 
to compare whether or not the patient received a physician-ad-
ministered bolus. Kruskal-Wallis was used to analyze patient 
satisfaction on a 3 point scale.  

Results

A total of 177 patients were consented and enrolled into 
our study from May 2015 through July 2017 (Fig. 1). Of these 
patients, 27 were not randomized since the patient delivered 
prior to requesting an epidural or the anesthesiologist elected 
to use another epidural pump protocol. After randomization, 
32 patients were excluded from the analysis. Of these excluded 
patients, 9 patients delivered within 30 min of epidural place-
ment, 15 had a failed epidural that was replaced and a different 
epidural pump protocol was started, 1 patient had the epidural 
stopped for fetal intolerance, 3 patients had spontaneous rup-
ture of membranes on admission, 2 patients had a gestational 
age less than 37 weeks, 1 patient had chorioamnionitis, and 1 
patient declined to participate after randomization. Two patients 
randomized to group CEI inadvertently received 10 ml every 60 
min PIEB and were therefore analyzed in group 10q60. In total, 

Table 1. Bromage Score

Bromage 
score Description

0 No motor block: complete flexion/extension of hip, knee, 
and ankle.

1 Partial block: inability to move hip, able to move knee and 
ankle.

2 Partial block: inability to move hip and knee, able to move 
ankle.

3 Complete motor block: inability to move hip, knee, or ankle.
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118 patients were included in the analysis: 41 in group 5q30, 43 
in group 10q60, and 34 in group CEI. 

Demographics and labor characteristics

Patient demographic information did not differ significantly 
between groups (Table 2). The rate of cesarean delivery did not 
differ significantly between groups. The rate of instrumented 
vaginal delivery was low in all groups (0 in group 5q30, 3 in 
group 10q60, and 2 in group CEI). Our study was not powered 
to detect a difference in instrumented vaginal deliveries. 

The duration of epidural analgesia did not differ between 
groups (Table 3). We defined the duration of epidural analge-
sia for all patients, both vaginal and cesarean deliveries, as the 
time from epidural placement until the delivery of the neonate. 
As several patients underwent a cesarean delivery for failure to 
progress, the duration of epidural analgesia is presented for all 
patients and also separately for those who had a vaginal delivery. 
The duration of stage 2 of labor did not differ significantly be-
tween groups (Table 3). The range of stage 2 for all patients was 
0.05 h to 3.88 h with the exception of 1 patient in group PIEB 
10q60. This patient had an unintended dural puncture, and the 

Fig. 1. Participant flow diagram.

Table 2. Demographic Data 

Group 5q30 
(n = 41)

Group 10q60 
(n = 43)

Group CEI 
(n = 34)

Maternal age (yr) 26.4 (5.6) 24.9 (4.5) 27.2 (5.5)
Height (m) 1.63 (0.084) 1.62 (0.054) 1.61 (0.066)
Weight (kg) 104.7 (23.7) 89.2 (20.4) 95.7 (29.5)
Body mass index (kg/m2) 38.6 (8.2) 33.3 (6.9) 36.0 (10.0)
Gestational age (weeks) 39.8 (1.5) 39.6 (1.4) 39.5 (1.4)
Parity
    Nulliparous (P = 0) 18 (43.9) 22 (51.2) 12 (35.3)
    Primiparous (P = 1) 10 (24.4) 13 (30.2) 9 (26.5)
    Multiparous (P ≥ 2) 10 (24.4) 8 (18.6) 11 (32.4)
    Grand multiparous (P ≥ 5) 3 (7.3) 0 (0.0) 2 (5.9)

Maternal age, height, weight, body mass index, and gestational age 
are reported as mean (standard deviation). Parity is reported as count 
(percent). P values are not significant and are not reported. CEI: 
continuous epidural infusion.

Table 3. Labor Characteristics 

Group 5q30 
(n = 41)

Group 10q60 
(n = 43)

Group CEI 
(n = 34)

Vaginal delivery 31 (75.6) 35 (81.4) 23 (67.6)
Cesarean delivery 10 (24.4) 8 (18.6) 11 (32.4)
Duration epidural analgesia 
    All patients (h) 8.72 (5.54) 8.04 (5.80) 8.60 (6.4)
    Vaginal delivery (h) 7.42 (4.71) 7.57 (4.60) 6.52 (5.08)
Duration of stage 2 (h)* 1.36 (1.39) 1.35 (1.43) 0.88 (1.11)

The rate of vaginal and caesarean delivery is reported as count (percent). 
The duration of epidural analgesia (the time from epidural placement 
until the delivery of the neonate) is reported as mean (standard 
deviation). *The duration of stage 2 is reported as mean (standard 
deviation) for all patients who had a vaginal delivery and a documented 
time of complete cervical dilation (Group 5q30: n = 24, Group 10q60: 
n = 30, Group CEI: n = 20). P values are not significant and are not 
reported. CEI: continuous epidural infusion.
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epidural catheter was re-sited at a different lumbar level. She had 
a stage 2 duration of 6.53 h. 

Primary outcome

The normalized average pain scores did not differ signifi-
cantly between groups (Table 4). 

Secondary outcomes

The maximum Bromage score did not differ significantly be-
tween groups. The lowest dermatomal sensory level did not dif-
fer significantly between groups. Group 10q60 had significantly 
more patients who did not require a physician-administered 
bolus during labor as compared to groups 5q30 and CEI. Patient 
satisfaction did not differ significantly between groups (Table 5).

The obstetrical providers felt that 8 patients in group 10q60 
had a motor block that impaired their ability to effectively push 
in stage 2 and requested the epidural pump to be turned off. Of 
these patients, 2 patients had a Bromage score of 3, 3 patients 
had a Bromage score of 1, and 3 patients had a Bromage score of 
0. 

Discussion

Based on our results, PIEB group 10q60 had significantly 
fewer physician-administered boluses as compared to the PIEB 
group 5q30 and the CEI group. Both the PIEB protocols and the 
CEI protocol resulted in similar pain scores, degree of motor 
blockade, dermatomal sensory levels, patient satisfaction, and 
rates of instrumented vaginal and cesarean delivery.

Our study does not demonstrate a decrease in pain scores 
during labor with PIEB as compared to CEI. This finding is 
consistent with prior studies [9,10]. Average pain scores were 
low in all groups. While some patients had brief moments of 
increased pain scores, the low average pain scores suggest that 
breakthrough pain was adequately treated with a physician-ad-
ministered bolus. A better assessment of analgesic efficacy of 
different epidural protocols is the incidence of breakthrough 
pain. We did see a significant decrease in breakthrough pain in 

the PIEB group 10q60 as demonstrated by a decrease in physi-
cian-administered boluses. A recent meta-analysis confirms the 
finding that PIEB is associated with decreased breakthrough 
pain as compared to CEI [7].

The PIEB group 5q30 did not have a decrease in the inci-
dence of breakthrough pain as compared to the CEI group. Since 
all three groups had an equal hourly dose of bupivacaine (12.5 
mg), our results suggest that higher PIEB volumes are necessary 
for optimal analgesia. The results of two up-and-down studies 
using bupivacaine 0.0625% with fentanyl 2 μg/ml show that the 
optimal PIEB dosing interval and volume are 40 min and 11 
ml, respectively [17,18]. The optimal hourly bupivacaine dose 
from the up-and-down studies is 10.3 mg, which is lower than 
our hourly bupivacaine dose. With that PIEB dosing regimen 
of 11 ml given every 40 min, 90% of parturients did not require 
supplemental PCEA demand doses. This finding is in contrast 
to the parturients in our PIEB group 10q60, in which only 65% 
of the patient did not require supplemental bolus doses. One 
explanation for 35% of these patients requiring supplemental 
analgesia is that the PIEB time interval is too high (60 min as 
compared to 40 min). Based on these results, PIEB volume and 
time interval seem to be more important in determining analge-
sia than the total hourly bupivacaine dose.

Some studies demonstrate that PIEB decreases the incidence 
of motor blockade as compared to CEI [11,12]. This finding is 
not consistent across all studies [13]. The incidence of motor 
block (Bromage > 0) in group CEI is 26.5%, which is consis-
tent with that reported in previous studies [11,12]. Previous 

Table 4. Pain Scores

Group 5q30
(n = 41)

Group 10q60 
(n = 43)

Group CEI
(n = 34) P value

Total pain AUC 14.28 (18.7) 13.7 (17.0) 14.85 (19.2) 0.964
Average pain score 2.63 (2.3) 3.06 (2.4) 3.01 (2.6) 0.695

Total pain is reported as the area under the curve. Average pain score 
is the total pain normalized to the duration of epidural analgesia. AUC: 
area under the curve, CEI: continuous epidural infusion.

Table 5. Secondary Outcomes

Group 
5q30 

(n = 41)

Group 
10q60 

(n = 43)

Group 
CEI 

(n = 34)
P value

Maximum Bromage score 0.965
    0 30 (73.2) 31 (72.1) 25 (73.5)
    1 9 (22.0) 7 (16.3) 4 (11.8)
    2 2 (4.8) 2 (4.6) 3 (8.8)
    3 0 (0.0) 3 (7.0) 2 (5.9)
Lowest dermatomal sensory level 0.928
    T10 or above 27 (65.9) 28 (65.1) 21 (61.8)
    Below T10 14 (34.1) 15 (34.9) 13 (38.2)
Physician-administered epidural bolus 0.022
    Received 25 (61.0) 15 (34.9) 21 (61.8)
    Did not receive 16 (29.0) 28 (65.1) 13 (28.2)
Patient satisfaction 0.832
    0 0 (0.0) 2 (4.6) 2 (5.9)
    1 16 (39.0) 18 (41.9) 12 (35.3)
    2 25 (61.0) 23 (53.5) 20 (58.8)

Values are presented as count (percent). Patient satisfaction is a Likert 
scale score (0 = unsatisfied, 1 = satisfied, 2 = very satisfied). CEI: 
continuous epidural infusion.
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studies that demonstrated a decrease in motor block with PIEB 
also demonstrated a decrease in local anesthetic use with PIEB 
[11,12]. Tien et al. [13] did not demonstrate a decreased inci-
dence of motor block or a decreased local anesthetic use with 
PIEB. PIEB may decrease the incidence of motor block indirect-
ly by decreasing the local anesthetic requirements to produce 
adequate labor analgesia. The similar incidence of motor block 
across all groups in our study may be partially due to the fact 
that our study was designed with all groups receiving an equal 
hourly dose of bupivacaine. 

Part of the inconsistency with motor blockade results be-
tween studies is due to the fact that the qualitative Bromage 
score is not ideal for assessing motor blockade in laboring pa-
tients. Graham and McClure [19] demonstrate that laboring pa-
tients with epidural analgesia may have a quantitative decrease 
in adductor strength despite having a Bromage score of 0. Motor 
blockade due to epidural labor analgesia is thought to impair a 
women’s ability to push in stage 2. While we did not see a signif-
icant difference in Bromage scores between groups, the obstetric 
providers felt that 8 patients in the PIEB group 10q60 had motor 
blockade as demonstrated by the inability to effectively push 
in stage 2. This finding demonstrates that Bromage scores may 
not be ideal for assessing motor blockade in laboring patients. 
All patients with a perceived motor block and an inability to 
effectively push during the second stage successfully delivered 
vaginally after the epidural pump was turned off. One of these 
patients, who was the one with the inadvertent dural puncture, 
had an extended stage 2 duration of 6.53 h. On exam, she had 
a Bromage score of 0 during the stage 2. Although only one pa-
tient had an inadvertent dural puncture, her increased duration 
of stage 2 of labor with high volume PIEB provides insight to 
practitioners moving forward to consider the potential conse-
quences of PIEB in patients with an inadvertent dural puncture. 

Our study was not designed to identify a perceived inability 
to push; therefore, we may not be capturing all patients. Howev-
er, it is concerning that all of these patients were in group 10q60. 
The question becomes why we are seeing contrasting results to 
previous studies that demonstrate decreased motor block and 
decreased duration of stage 2. One explanation is that our study 
uses a relatively high hourly bupivacaine dose of 12.5 mg/h. Re-
cent reports have demonstrated that lower hourly bupivacaine 
doses (7.5–10.3 mg) are effective when administered with high-
er volume PIEB [1,18,20]. These findings suggest that higher 
volume, lower concentration PIEB regimens may be ideal. 

Lower bupivacaine concentrations (0.0625%) may be neces-
sary for successful PIEB protocols to minimize motor block. In a 
review of PCEA for labor analgesia, bupivacaine concentrations 
up to 0.125% were not associated with increased motor block 
as compared to higher concentration [20]. Both bupivacaine 
0.0625% and 0.125% are used in PIEB for the maintenance of 

labor analgesia [9,10,13]. Two meta-analyses show a decrease in 
motor block with PIEB as compared to CEI [8,21]. We are not 
aware of any studies that compare the effects of different local 
anesthetic concentrations for PIEB regimens on motor block. 
The results of our study suggest that bupivacaine 0.125% may 
contribute to motor block with higher volumes used for PIEB. 

One limitation of our study is that several patients (21%) 
were excluded post-randomization. The majority of these pa-
tients had a failed epidural. As the number of failed epidurals 
was similar across groups, it is unlikely the epidural pump pro-
tocol contributed to the failure of the epidural to provide ade-
quate analgesia. 

In conclusion, our study suggests that high volume PIEB reg-
imens for labor analgesia decrease breakthrough pain and phy-
sician-administered boluses. While motor block scores did not 
differ significantly across groups, our study suggests that a high 
hourly dose of bupivacaine given as a high volume PIEB may 
impair a parturient’s ability to push during the second stage. 
Therefore, we suggest that a lower concentration of bupivacaine 
be used for high volume PIEB. Further studies are needed to de-
termine the optimal PIEB pump settings. 
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