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Abstract

Purpose To evaluate whether programmed intermittent epidural bolus (PIEB) reduces the incidence of maternal intra-partum
fever compared with continuous epidural infusion (CEI) during labor.

Methods Parturients were randomized to receive CEI (CEI group) or PIEB (PIEB group) with 10 ml per hour for epidural
labor analgesia with 1500 subjects in each group. The maintaining dose of two groups is 0.08% ropivacaine with 0.4 pg/ml
sufentanil, with patient-controlled epidural analgesia (PCEA) dose of 5 ml and lockout interval of 30 min. The incidence of
maternal fever, pain score, epidural sensory levels, the number and proportion of PCEA demand, anesthetics consumption,
satisfaction score, neonatal Apgar scale, and maternal and neonatal side effects were recorded.

Results It was significantly lower of the incidence of maternal fever beginning at 4 h post-analgesia and continuing until
delivery in the PIEB group than the CEI group (4 h: 2.6% vs. 4.2%; 5 h: 7.3% vs. 10.2%; delivery: 5.6% vs. 7.9%; 1 h post-
delivery: 3.9% vs. 6.2%; 2 h post-delivery: 2.1 vs. 3.5%; total: 5.8% vs. 8.4% in PIEB and CEI, respectively). Compared
with CEI group, pain scores at 3, 4, 5 h post-analgesia and delivery (3 h: 2 [1, 2] vs. 2 [1-3]; 4 h: 2 [2, 3] vs. 3 [2-4]; 5h: 2
[2, 3] vs. 3 [2-4]; delivery: 3 [2-4] vs. 4 [3, 4] in PIEB and CE]I, respectively), the number and proportion of PCEA demand
(number: 0.7 £0.9 vs. 2.2+ 1.9; proportion: 42.0% vs. 80.3% in PIEB and CEI, respectively), and anesthetics consumption
significantly decreased in the PIEB group (Ropivacaine: 60+ 13 mg vs. 76 + 17 mg; Sufentanil: 26 +4 mg vs. 32 +6 mg in
PIEB and CEI, respectively), without severe maternal and neonatal side effects and any difference in neonatal Apgar scale.
The epidural sensory levels 2 h post-analgesia (2 h: 8[8, 9] vs. 9[8, 9] in PIEB and CEI) and satisfaction score (9 [9, 10] vs.
7 [6, 7] in PIEB and CEI) were significantly higher in the PIEB group compared with those in the CEI group.

Conclusions PIEB with 10 ml of 0.08% ropivacaine and 0.4 pg/ml sufentanil hourly provided a lower incidence of intra-
partum fever with a better analgesic effect compared with CEI, without any severe maternal and neonatal adverse reactions.
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Introduction

Multiple lines of evidence show that epidural analgesia
is associated with maternal intra-partum fever during
labor [1-4]. Epidural- associated maternal intra-partum
fever has been proved to be an independent risk factor
for neonatal sepsis [5]. Maternal intra-partum fever is a
critical predictor of neonatal morbidity, increases the risks
of maternal cesarean section, neonatal low Apgar score,
sepsis, and intensive care unit admission, and has drawn
an increasingly broad range of interest [6, 7]. Up to date,
the accurate mechanism of epidural- associated intra-par-
tum hyperthermia is still undefined, but most of studies
determine that the underling mechanism is noninfectious
inflammation, especially serum IL-6 level elevation [8, 9].

PIEB provides better analgesia, less local anesthetic
consumption, and better maternal satisfaction compared
to continuous epidural infusion during labor analgesia
[10, 11]. Furthermore, on-demand intermittent epidural
injections appear to reduce the incidence of maternal
intra-partum fever in the first 4 h of labor analgesia [12].
However, the relationship of PIEB and intra-partum fever
is still unclear. Thus, we design this prospective, rand-
omized, controlled and double-blind trial to determine the
association of the incidence of maternal intra-partum fever
and PIEB compared with CEI during labor.

Materials and methods

This study was approved by the Institutional Ethics Com-
mittee of the Affiliated Obstetrics and Gynecology Hos-
pital of Nanjing Medical University (Protocol Number:
NJMCHH-2012-A010). Written informed consents were
obtained from all research participants according to the
principles of Helsinki Declaration. This trial was reg-
istered at the Protocol Registration and Results System
(register.clinicaltrials.gov) and the ClinicalTrials.gov ID
is NCT01708668. The clinical trial was performed in the
Affiliated Obstetrics and Gynecology Hospital of Nanjing
Medical University, Nanjing, China between October 2012
and December 2017.

Inclusion criteria include: singleton, spontaneous labor,
subjects who requesting epidural labor analgesia, age from
20 to 45 years, gestation week from 37 to 41, nulliparous,
cervical dilation from 1 to 3 cm.

Exclusion criteria include: contraindications for epi-
dural analgesia, a baseline temperature of >37.5 °C, aller-
gic to opioids and/or local anesthetics, failed to performing
epidural catheterization, organic dysfunction, those who
were not willing to or could not finish the whole study at
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any time, unable to perform analgesia evaluation, using or
used in the past 14 days of the monoamine oxidase inhibi-
tors, alcohol addictive or narcotic dependent patients, sub-
jects with a nonvertex presentation or scheduled induction
of labor, multiple pregnancy, ASA physical status of 3
or higher, height less than 150 cm or more than 170 cm,
morbid obesity (BMI more than 35), high-risk pregnancy
(gestational diabetes mellitus, gestational hypertension,
placenta previa, placental abruption, preeclampsia).

Three thousand parturients were randomly divided into
receive CEI (CEI group) or PIEB (PIEB group) epidural
labor analgesia, 1500 subjects in each group. Random
numbers were generated by computer, and then they were
sequentially sealed in the envelopes for grouping. Only the
primary investigator opened the envelopes for randomiza-
tion, other study investigators who observed, assessed, and
collected the clinical data, obstetricians, midwifes, and the
participants were blinded to group assignment.

As soon as the parturients were admitted to the labor
room, the women were intravenously cannulated and con-
tinuously injected normal saline over labor and delivery
course. A temperature of 22°+2 °C was maintained in the
labor and delivery rooms. When the woman requested for
labor analgesia and the cervical dilation ranged from 1 to
3 cm, epidural labor analgesia was initiated.

Epidural analgesia was initiated in the left lateral decu-
bitus position at the L3-4 or L2-3 interspace. The epi-
dural space was identified using the loss of resistance to
saline technique with a 16-gage Tuohy epidural needle.
A closed-end, multiorifice epidural catheter was inserted
3—4 cm into the epidural space through the Tuohy needle
and secured. Test dose consisted of 3 ml of 1.5% lidocaine
with 1:200,000 epinephrine. The parturients received an
initial epidural loading bolus dose of 10 ml of 0.125% ropi-
vacaine (AstraZeneca AB, Sodertilje, Sweden) plus 0.4 pg/
ml sufentanil (EuroCept B.V., Ankeveen, The Netherlands).
Those patients would be excluded from the study if their
visual analo scale (VAS, 0 =no pain; 10=worst imagina-
ble pain) scores were higher than 3 score 15 min after the
bolus of an initial epidural loading dose. Fifteen min later,
the following CEI was maintained at a constant speed of
10 ml h for CEI group. By comparison, hourly PIEB dose
of 10 ml was given starting 75 min post the loading dose.
PCEA dose was 5 ml with lockout time of 30 min. The main-
taining and PCEA anesthetics were 0.08% ropivacaine plus
0.4 pg/ml sufentanil. The infusion pumps (ZZB-I for CEI
and ZZB-II for PIEB; Jiangsu Aipeng Medical Science and
Technolog Company Ltd., Nantong, China) were packed into
an opaque, portable bag for blinding.

Demographic data were recorded. Maternal heart rate,
noninvasive arterial blood pressure, respiratory rate, SpO,,
tympanic temperature (First Temp Genius® thermometer,
Sherwood Medical, St. Louis, MO), epidural sensory levels
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(loss to cold sensation), visual analo scale (VAS, 0=no
pain; 10=worst imaginable pain), modified Bromage scale
(MBS, 0=no motor block; 1 =hip blocked; 2 =hip and knee
blocked; 3 =hip, knee and ankle blocked) and fetal heart rate
tracing were recorded immediately before initiation of anal-
gesia and hourly thereafter until 2 h post-partum. Maternal
tympanic temperature was measured by the ear canal with
the thermometer according to the manufacturer’s guidelines.
Maternal intra-partum fever was defined as a temperature
greater than 38 °C. If the parturient still felt pain (VAS > 3)
after pushing the PCEA button twice in a 60 min period, an
additional manual incremental bolus of 5 ml of 0.15% ropiv-
acaine was administered. The epidural infusion pumps were
discontinued until 2 h after childbirth. Whenever the mother
did not want to continue to receive the analgesia, they could
quit the study freely.

After delivery, the mothers’ satisfaction score (0-10,
0 =dissatisfied, 10 =extremely satisfied) for labor epidural
analgesia, consumption of analgesic drugs, number of epi-
dural boluses, and placenta histopathological examination
for inflammation (to observe the infectious inflammation
role in intra-partum fever) were noted [13]. Obstetric char-
acteristics such as group B streptococcus (GBS) coloniza-
tion, number of vaginal examinations, oxytocin use, duration
from rupture of the membranes to delivery, mode of mem-
branes ruptured, the durations of labor courses, the dura-
tion of analgesia (epidural insertion to discontinuation of
the pumps), and mode of delivery were collected. Neonatal
rectal temperature (one hour post-delivery), weight, Apgar

Fig.1 Flowchart of the study

scores, and umbilical cord acid—base status were examined.
Neonatal fever was defined as a temperature of more than
38 °C. We observed the side effects as well.

Statistical analysis

Continuous data variables were analyzed between the groups
using the Student’s ¢ test or the Mann—Whitney U test as
needed. Categorical variables were compared with y* or
Fisher’s exact test where appropriate. The Statistical Pack-
age for Social Sciences for Windows version 13.0 (SPSS
Inc., Chicago, IL, USA) was used for statistical analyses. It
would be considered statistically significant if the p value
was less than 0.05.

Results

Between October 2012 and December 2017, 3000 partu-
rients were recruited to participate in the study, and 2865
cases were finally analyzed (Fig. 1). Forty subjects in the
CEI group and 28 women in the PIEB group converted to
cesarean section for obstetric reasons, and 49 cases in the
CEI group and 18 patients in the PIEB group had insufficient
analgesia, respectively. All these subjects were excluded
from the study, with their babies’ Apgar scores >9 at 1 min
and 5 min. There were no significant differences in maternal
vital signs and fetal heart rate between the two groups. As
for demographic data, the two groups were similar regarding
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Table 1 Baseline demographic characteristics of epidural labor anal-
gesia patients

CEI (n=1411) PIEB (n=1454) P value

Age (years) 29+4 29+4 0.115
Height (cm) 162+5 162+4 0.174
Weight (kg) 68+10 69+9 0.132
BMI (kg/m?) 259+2.8 26.0+2.6 0.402
Gestational age (weeks)  39.5+0.9 39.6+0.9 0.097
Temperature (°C) 36.60+0.21 36.59+0.19 0.091
Cervical dilatation (cm) 1.9+0.7 2.0+0.8 0.121

Values are mean =+ standard deviation

BMI body mass index, CEI continuous epidural infusion, PIEB pro-
grammed intermittent epidural bolus

Table 2 Incidence of maternal fever

Time CEI group PIEB group P value
1h 0(1411) 0(1454) -

2h 9 (1411) 6 (1454) 0.404
3h 21 (1374) 17 (1421) 0.061
4h 45 (1066) 28 1079) 0.038
5h 81 (798) 57 (785) 0.042
Delivery 112 (1411) 81 (1454) 0.012

1 h post delivery 87 (1411) 56 (1454) 0.004
2 h post delivery 49 (1411) 31 (1454) 0.029
Total 119 (1411) 85 (1454) 0.007

Table 3 Visual analo scale pain scores over time

Time CEI group PIEB group P value
Baseline 6[7,8] (1411) 6[7, 8] (1454) 0.599
lh 1[1,2] (1411) 1[1,2] (1454) 0.814
2h 2[1,2] (1411) 1[1,2] (1454) 0.076
3h 2 [1-3] (1374) 2[1,2] (1421) 0.026
4h 3 [2-4] (1066) 2[2,3]1079) 0.004
5h 3 [2-4] (798) 2[2,3](785) 0.003
Delivery 4[3,4] (1411) 3 [2-4] (1454) 0.002
1 h post delivery 1[0-1] (1411) 1 [0-1] (1454) 0.092
2 h post delivery 1 [0-1] (1411) 1[0-1] (1454) 0.166

Values are median [interquartile range] (denominator)

CEI continuous epidural infusion, PIEB programmed intermittent

epidural bolus

Table 4 Epidural sensory levels (thoracic vertebral level) over time

Time CEI group PIEB group P value
lh 7[6-8] (1411) 7 [6-8] (1454) 0.298
2h 91[8,9] (1411) 8 [8, 9] (1454) 0.009
3h 91[8,9] (1374) 8 [8, 9] (1421) 0.012
4h 9 [8, 9] (1066) 8 [7-9]1 1079) 0.002
5h 8 [7, 8] (798) 717, 8] (785) 0.003
Delivery 91[8,9] (1411) 8 [8, 9] (1454) 0.004
1 h post delivery 91[8,9] (1411) 8 [8, 9] (1454) 0.005
2 h post delivery 98,91 (1411) 8 [8, 9] (1454) 0.006

Values are positive (total)

CEI continuous epidural infusion, PIEB programmed intermittent
epidural bolus

maternal age, height, weight, BMI, gestational age, base-
line temperature and cervical dilatation (Table 1). Since 2 h
post-analgesia, partial mothers delivered their babies, which
explained the total number of subjects decreased in Tables 2,
3 and 4. The incidence of maternal fever was statically lower
in the PIEB group than the CEI group beginning at 4 h post-
analgesia and continuing until delivery (Table 2).

The VAS pain scores were significantly lower at 3,4, 5 h
post-analgesia and delivery in the PIEB group compared
with those in the CEI group (Table 3).

The epidural sensory levels were significantly higher
beginning at 2 h post-analgesia and continuing until deliv-
ery in the PIEB group compared with those in the CEI group
(Table 4). All patients had a MBS of 0 in the study. Epidural,
obstetric, and neonatal outcomes are shown in Table 5, the
number of epidural boluses, proportion of PCEA demand,
consumptions of ropivacaine and sufentanil, and mothers’
satisfaction score in the PIEB group decreased significantly
compared with the CEI group. No differences were found
between the two groups with respect to other outcomes.

@ Springer

Values are median [interquartile range] (denominator)

CEI continuous epidural infusion, PIEB programmed intermittent
epidural bolus

Throughout the study, no severe maternal side effects were
recorded, such as radycardia, hypotension, and desaturation.
No neonatal fever was observed, and all neonatal Apgar
scores were more than 8. We did not find statistical signifi-
cant difference between the two groups in umbilical cord
acid-base status, which was within the normal range in all
neonates.

Discussion

Although the exact mechanism of intra-partum maternal
fever during epidural labor analgesia remains unclear, intra-
partum maternal hyperthermia was verified in many present
studies, with the ratio of intra-partum maternal fever vary-
ing from 1 to 46% depending on different research methods
[14-26]. In the present trial, we witnessed an incidence of
intra-partum maternal fever of 8.4% (119 in 1411) in CEI
group, 5.8% (85 in 1454) in PIEB group, and 7.1% (204 in
2865) in all subjects, respectively. The total incidence (7.1%)
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Table 5 Epidural, obstetric, and CEI (n=1411) PIEB (n=1454) P value

neonatal outcomes
Number of epidural boluses 22+19 0.7+0.9 0.000
Proportion of PCEA demand 1133 (80.3) 610 (42.0) 0.000
Consumption of ropivacaine (mg) 76+17 60+13 0.000
Consumption of sufentanil (pg) 32+6 26+4 0.000
GBS positive 25 (1.8) 28 (1.9) 0.760
Number of vaginal examinations 2.1+0.6 2.0+0.6 0.161
Oxytocin augmentation 795 (56.3) 787 (54.1) 0.233
Rupture of the membranes to delivery, min 214+ 69 211+68 0.149
Artificial rupture of membranes 763 (54.1) 749 (51.5) 0.170
Duration of first labor course, min 547 +121 539+ 107 0.067
Duration of second labor course, min 52+12 51+12 0.365
Duration of third labor course, min 8+3 8+3 0.656
Duration of analgesia, min 384 +84 381+83 0.429
Instrumental delivery 92 (6.5) 86 (5.2) 0.120
Mothers’ satisfaction score 716,7] 919, 10] 0.000
Placental inflammation 19 (1.3) 13 (0.9) 0.249
Neonatal weight, g 3418 +304 3404 +297 0.224
Apgar score (1 min) 10 [10-10] 10 [10-10] 0.334
Apgar score (5 min) 10 [10-10] 10 [10-10] 0.571

Values are mean =+ standard deviation, number (percentage), or median [interquartile range] (denominator)

CEI continuous epidural infusion, PIEB programmed intermittent epidural bolus, GBS group B streptococ-

cus

of intra-partum maternal fever was lower than that (11.2%,
14 in 125) of our previous study [1]. The large sample in
this trial minimized selection bias than small sample study,
which maybe explain the difference in the incidence of intra-
partum maternal fever between the two studies.

Except for noninfectious inflammation, sympathetic nerve
block is also a critical reason for maternal fever during epi-
dural labor analgesia [17, 27]. Sympathetic nerve blockade
resulting from epidural labor analgesia decreases thermoreg-
ulatory sweating. Therefore, sweating threshold raises and
evaporative heat loss diminishes in the blockade part of the
body, reactive vasoconstriction in the non-blocked upper
body decreases heat loss. Together, all these factors lead to
increased core temperature in parturients undergoing epi-
dural labor analgesia.

The different epidural drug-delivering methods might
account for the difference of the incidence of intra-par-
tum maternal fever between the two groups. Although the
epidural sympathetic nerve blockade levels were signifi-
cantly wider beginning at 2 h post-analgesia and continu-
ing until delivery in the PIEB group compared with those
in the CEI group in our study, the constant management
of epidural analgesics continuously blocked the narrow
section of the lower body in the CEI group. In contrast,
the blockage intensity became weaker between PIEBs in
the PIEB group, which allowing sweating and subsequent
evaporative heat loss partly recovered in the blockade part

of the body, and decreasing the core temperature and the
incidence of fever of mothers [12].

Bolus injection made the drug solution spread more
evenly and had a greater number of blocked dermatomal
segments than a continuous infusion in epidural apace
[28, 29], these advantages suggested that bolus injection
provides better analgesia and decreases the number and
proportion of PCEA demand for labor analgesia than con-
tinuous infusion. In our current study, the consumptions
of ropivacaine and sufentanil and mothers’ satisfaction
score in the PIEB group decreased significantly com-
pared with the CEI group, which was in accordance with
earlier observation [10]. The optimal method of epidural
labor analgesia remains undetermined. We employed a
PIEB dose of 10 ml of 0.08% ropivacaine with 0.4 pg/ml
sufentanil per hour, which was proved to can decrease the
consumption of local analgesics [30]. We found no differ-
ence in both maternal GBS colonization, number of vagi-
nal examinations, oxytocin augmentation, duration from
rupture of the membranes to delivery, mode of membranes
ruptured, the durations of labor courses, duration of anal-
gesia, labor mode, placental inflammation, and neonatal
weight, Apgar scores, and umbilical cord acid-base sta-
tus between the two groups, without severe maternal and
neonatal side effects. These findings showed that group
PIEB did not increase the risks of maternal and neonatal
harmful outcome.

@ Springer



1556

Archives of Gynecology and Obstetrics (2019) 300:1551-1557

There were some deficiencies in our trial. First, IL-6
was a critical marker for maternal intra-partum fever,
we measured maternal serum IL-6 concentrations in our
previous study with small sample size, and found that
maternal IL-6 increase might be associated with maternal
temperature elevation [1]. However, in the present study,
we did not detect maternal and neonatal IL-6 concentra-
tions because of insufficient funds. We also did not detect
leukocytes and C-reactive protein levels because the cost
was expensive and epidural-associated noninfectious
inflammation was our main concern. Secondly, the liquid
intake, which was not recorded, may be one of the critical
factors for the regulation of maternal body temperature.
Thirdly, sweating volumes were not been measured in our
study for technical reason, which may play an important
role in intra-partum fever. Finally, although different PIEB
doses and time intervals might impact the ratio of maternal
intra-partum fever, we had no sufficient human resource
to divide more groups with more large sample subjects.

In conclusion, programmed intermittent epidural bolus
with 10 ml of 0.08% ropivacaine and 0.4 pg/ml sufentanil
hourly was a better method for epidural labor analgesia
with less ratio of intra-partum fever compared with con-
tinuous infusion, without severe maternal and neonatal
side effects.
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