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ABSTRACT
Objective: To summarise the process of conversion of epidural labour analgesia to anaesthesia
for caesarean delivery and explore the relationship between duration of labour analgesia
and conversion.
Methods: Parturients who underwent conversion from epidural labour analgesia to anaesthesia
for caesarean delivery between May 2019 and April 2020 at the Chengdu Women’s and
Children’s Central Hospital, Sichuan Maternal and Child Health Hospital, and Jinjiang District
Maternal and Child Health Hospital were selected. If the position of the epidural catheter was
correct and the effect was good, patients were converted to epidural surgical anaesthesia. If epi-
dural labour analgesia was ineffective, spinal anaesthesia (SA) was administered immediately.
For category-1 emergency caesarean sections, general anaesthesia (GA) was administered.
Results: A total of 1084 parturients underwent conversion. Of these, 19 (1.9%) received GA due
to the initiation of category-1 emergency caesarean section. 704 (64.9%) were converted to epi-
dural surgical anaesthesia, 2 (0.2%) had failed conversions and were administered GA before
delivery, and 357 (32.9%) were converted to SA. Logistic regression analysis showed that pro-
longed duration of epidural labour analgesia ([Crude odds ratio (OR)¼1.065; 95% confidence
interval (CI), 1.037–1.094; p< .01]; [Adjusted OR ¼ 1.060; 95% CI, 1.031–1.091; p< .01]) was an
independent risk factor for conversion failure. A receiver operating characteristic curve con-
structed using duration of epidural labour analgesia showed that parturients with a duration of
epidural labour analgesia �8h, more frequently required a change of anaesthesia technique dur-
ing conversion, and the relative risk of conversion failure was 1.54 (95% CI, 1.23–1.93; p< .01).
Conclusion: Prolonged duration of epidural labour analgesia increases the possibility of having
an invalid epidural catheter, resulting in an increased risk of conversion failure from epidural
labour analgesia to epidural surgical anaesthesia. Further, this risk is higher when the time
exceeds 8 h.

KEY MESSAGES

� Prolonged duration of epidural labour analgesia > 8 h is associated with conversion failure.
� If it is impossible to judge whether the conversion is successful immediately, spinal anaesthe-
sia should be administered to minimise complications.
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1. Introduction

Currently, epidural labour analgesia (ELA) is the most
effective and commonly used method of labour anal-
gesia [1,2]. Not only does it provide analgesia for the
parturient, but it can also be converted to epidural
surgical anaesthesia (ESA) for delivery via a caesarean
section (CS). However, this conversion is not 100%
successful, and unexpected change of anaesthesia
technique could pose additional risks to the parturient

and baby [3,4]. With the promotion of ELA, the num-
ber of patients requiring a change of anaesthetic tech-
nique has also increased significantly [5]. Therefore, it
is necessary for anaesthesiologists to be able to accur-
ately predict the effectiveness of conversion and
reduce maternal and infantile adverse outcomes.

This study retrospectively analysed the process of
conversion. The main purpose was to explore the
effect of ELA duration on conversion. The secondary
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objective was to clarify other factors that may affect
conversion and compare the maternal and infantile
outcomes with different anaesthesia techniques.

2. Materials and methods

2.1. Object and grouping

Parturients who underwent conversion from ELA to
other techniques of anaesthesia between May 2019
and April 2020 at the Chengdu Women’s and
Children’s Central Hospital, Sichuan Maternal and
Child Health Hospital, and Jinjiang District Maternal
and Child Health Hospital were included. Based on the
success of conversion and degree of emergency for
CS, they were divided into three groups: ELA, SA, and
GA groups.

2.2. Ethics statement

The study was approved by the ethics committee of
Sichuan maternal and Child Health Hospital-20210109-
01, Jinjiang Maternal and Child Health Hospital-
202111, and Chengdu Women’s and Children’s Central
Hospital-B2019(12).

2.3. Epidural labour analgesia

Epidural labour analgesia was administered to con-
senting parturients when the cervix dilated to 2–4 cm.
The procedure was as follows: (1) The patient was
placed in the left-lateral position and the L2–L3 or
L3–L4 intervertebral space was punctured. (2) An
ordinary epidural catheter is inserted into the
epidural space to a depth of 4–5 cm. (3): A 50mL mix-
ture of 0.08–0.1% ropivacaine (Yichang Humanwell
Pharmaceutical Co Ltd., China) þ 0.4 lg/mL sufentanil
(Yichang Humanwell Pharmaceutical Co Ltd., China),
was administered using the Programmed Intermittent
Epidural Bolus technique at a rate of 1 pulse/h and
10mL/pulse. The self-control volume was 5mL and
the lock time was 30min. The treatment of analgesia
insufficient (VAS score > 4 points) include adjusted
position of conduit, increased medication, attempted
ELA again, et al.

2.4. Exclusion criteria

The exclusion criteria were as follows: multiple reg-
nant, gestational age less than 37weeks, vaginal deliv-
ery after ELA, and unintended dural puncture.

2.5. Selection of anaesthesia technique for CS

2.5.1. Epidural surgical anaesthesia
The absence of cerebrospinal fluid or blood on suc-
tioning the catheter confirmed that the catheter was
positioned correctly. Then, we injected 10–12mL of
1.72% lidocaine carbonate through the catheter, and
adjusted the block level until it reached T4–T6 prior to
starting the operation.

2.5.2. Spinal anesthesia
The epidural catheter was removed after judging that
it was invalid. Next, we selected the L3–L4 interverte-
bral space to administer SA. We injected 15mg of
0.5% isobaric ropivacaine into the subarachnoid space
and then inserted an epidural catheter to a depth
of 4–5 cm.

2.5.3. General anaesthesia
General anaesthesia (GA) was selected for category-1
emergency CSs [6] or for cases where conversion
failed. According to the guidelines of [7] the
Department of Anaesthesiology, the standard proced-
ure for GA for category-1 emergency CSs was as fol-
lows: the parturient entered operating room, vital
signs were monitored, high-flow oxygen was adminis-
tered using a mask, a suction device was prepared,
and rapid sequence intubation was performed using
propofolþ rocuronium. Other intravenous anaesthetics
were added after delivery.

2.6. Data collection

Parturient, infant, and operation- and anaesthesia-
related data, including parturient age, body mass
index (BMI), artificial rupture of membranes (ARM),
gestational age, pregnancy comorbidities, ELA dur-
ation, size of the cervical orifice before operation,
operation time, delivery time, amniotic fluid condition,
APGAR score, and infantile weight, were collected
retrospectively.

2.7. Statistical analysis method

Normally distributed measurement data were
expressed as mean± standard deviation, and count
data were expressed as rate (%). The measurement
data were compared between the groups using t-tests
and the rates were compared using the chi-square
test. Logistic regression analysis was used to evaluate
the relationship between ELA duration and conversion.
Confounders in the regression analysis model were
selected based on previous research and the
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Goodness-of-Fit study model. The crude odds ratio
(OR) and adjusted OR were calculated. A receiver oper-
ating characteristic (ROC) curve was used to further
explore the relationship between ELA duration and
the change of anaesthesia techniques for CS. The cut
off value of analgesia time was found by Youden
index, and the parturients were divided into two
groups according to the cut off value. The relative risk
(RR) of each group was calculated by cross
tabulations.Statistical significance was set at p< .05.

3. Results

A total of 7596 parturients received ELA, of whom,
1084 (14.3%) underwent conversion to CS. Of these,
19 (1.9%) parturients received GA, 2 (0.2%) had failed
conversions and were administered GA before deliv-
ery, 357 (32.9%) were converted to SA, and 704
(64.9%) underwent conversion to ESA. Demographic
data are shown in Table 1.

There was no significant difference in the time of
breaking-water, operation time, delivery time, the
character of amniotic fluid, neonatal Apgar score, and
birth weight between the ESA and SA groups (p> .05).
The ELA duration in the ESA group (8.1 ± 4.6)h was
less than that in the SA group (9.5 ± 4.9)h. The average
size of the cervical orifice before operation in the ESA
group (4.2 ± 3.1)cm was less than that in the SA group
(5.0 ± 3.4)cm and the difference was statistically signifi-
cant (p< .05) (Table 2).

The results of the logistic regression analysis were
as follows: before excluding confounders (Table 3),
univariate analysis showed that the crude OR for each
hour of prolongation of ELA duration was 1.065 (95%
CI, 1.037–1.094; p< .01); after excluding confounders
(Table 4), multivariate analysis showed that the
adjusted OR was 1.060 (95 CI%, 1.031–1.091; p< .01).
In addition, a 1 cm increase in cervical orifice size (OR
¼ 1.060, 95% CI, 1.018–1.104; p¼ .013) was also an
independent risk factor for conversion failure.
However, diabetes (OR ¼ 0.517; 95% CI, 0.352� 0.760;

Table 1. Patient characteristics.
ESA (n¼ 704) SA (n¼ 357) GA (n¼ 23) All (n¼ 1084) p Value of ESA and SA

Age (years) 29.2 ± 3.6 28.8 ± 3.5 28.4 ± 4.0 29.0 ± 3.6 .14
BMI� (kg/m2) 26.9 ± 2.8 27.0 ± 3.3 26.4 ± 2.8 26.9 ± 3.0 .38
Gestational age (weeks) 39.4 ± 1.2 39.9 ± 1.2 39.1 ± 1.5 39.4 ± 1.2 .22
ARM� (n [%]) 216 (30.7) 100 (28.0) 5 (21.7) 321 (29.6) .37
Oxytocin (n [%]) 336 (47.7) 159 (44.5) 14 (60.9) 509 (47.0) .33
Causes of CS (n [%])
FD� 250 (35.5) 126 (35.3) 15 (65.2) 391 (36.1) 1
RCD� 149 (21.2) 48 (13.4) 1 (4.3) 198 (18.3) .81
ACV� 51 (7.2) 21 (5.9) 0 (0) 71 (6.6) .44
TDAF� 64 (9.1) 16 (4.5) 0 (0) 80 (7.4) .07
FHDS� 53 (7.5) 38 (10.6) 3 (13.0) 94 (8.7) .10

Complications (n [%])
Diabetes 150 (21.3) 42 (11.8) 3 (13.0) 195 (18.0) <.01
thyroid disease 51 (7.2) 38 (10.6) 1 (4.3) 90 (8.3) .06
Anemia 21 (3.0) 10 (2.8) 1 (4.3) 32 (3.0) .87
hypertension 59 (8.4) 37 (10.4) 1 (4.3) 97 (8.9) .29

�BMI: Body mass index; ARM: artificial rupture of membranes; FD: foetal distress; RCD: relative cephalopelvic disproportion; FHDS: foetal head drop stag-
nation; ACV: acute chorionic villitis; TDAF: third degree faecal staining of amniotic fluid.
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p< .01) promoted the success of conversion. The area
under the ROC curve for ELA duration was 0.60, cut-
off point was 8 h, specificity was 50.6%, and sensitivity
was 60.2% (Figure 1).

The parturients were divided into two groups
according to the cut-off point of ELA duration and the
relative risk of each group was calculated. Statistical
results (Table 5) showed that among 1061 parturients
in the non-general anaesthesia group, the proportion
of conversion failure in the group with ELA duration
�8 h (38.2%) was higher than that in the group with
ELA duration <8 h (28.5%), and the RR was 1.27 (95%
CI, 1.01–1.74; p< .01).

4. Discussion

Obstetric GA is an independent risk factor for maternal
death [8]; therefore, methods reduce complications
due to anaesthesia during conversion and avoid the
use of GA are challenges for anaesthesiologists. The
incidence of conversion failure of existing ELA to ESA
is between 0% and 21% [9]. Currently, it is considered
that the position of the epidural catheter and the
effect of ELA are the main factors that determine the
success of conversion. Although previous studies did
not clearly show the relationship between ELA dur-
ation and conversion [10,11], our study showed that
ELA duration may affect these two main factors
simultaneously.

Ensuring the position of the epidural catheter
before surgery is critical for conversion success. It is a
necessary to ensure the ELA effect and judge whether
the catheter still in the epidural space. Furthermore,
the effect depends on drug concentration, diffusion,
and absorption and on personal, physical, and other
factors. We agree that the longer the catheter is in
place, the more likely it is to become displaced from
the epidural space [12]. Meanwhile, anxiety due to a
long waiting period decreases the maternal pain toler-
ance threshold [13]. Thus, a higher dose of anaesthetic
is required during ELA. This leads to a dilution of the
preoperative medication by the liquid injected into
the epidural space [9], ultimately increasing the prob-
ability of conversion failure.

When the cervical orifice expands to 5–6 cm, the
progress of labour is significantly accelerated [14].
Breakthrough pain is prone to occur, and increases
the requirement of the anaesthetic. Thus, the probabil-
ity of conversion failure increases [15]. However, the
progress of labour varies from person to person. For
example, labour in multiparous women is faster than
that in primiparous women; therefore, this factor
needs to be further studied and explored.

Compared with nonpregnant individuals, parturi-
ents with diabetes are more sensitive to local anaes-
thetics and have a longer block time [16,17]; hence,
they need a smaller dose during ELA and less pre-
operative fluid during ESA. The conversion success
rate is higher.

There are two ways to determine the position of
the epidural catheter: (1) gently aspirate through the
epidural catheter to check for blood or cerebrospinal
fluid to quickly and effectively identify a misplaced
epidural catheter [18] and (2) supplement the test
dose before CS and evaluate the analgesic effect [19].
However, a study found that when SA was performed
after getting poor analgesia with a supplementary test

Table 3. Univariate analysis for ELA duration�.
Factors OR 95% CI p

Each 1 h prolongation
of ELA duration

1.065 1.037–1.094 <.01

�ELA: epidural labour analgesia; OR: odds ratio; CI: confidence interval.

Table 4. Multivariate analysis for ELA duration�.
Factors OR 95% CI p

Per hour prolongation of ELA� 1.060 1.031–1.091 <.01
per cm increase in cervical orifice 1.060 1.018–1.104 .013
Diabetes 0.517 0.352–0.760 <.01
Age 0.979 0.943–1.017 .281
Oxytocin 0.911 0.689–1.203 .510
ARM� 0.990 0.731–1.340 .946
Anemia 0.910 0.417–1.985 .813
BMI� 1.016 0.973–1.061 .482
Gestational age 1.010 0.891–1.145 .876
Hypertension 1.174 0.748–1.843 .484
Thyroid disease 1.468 0.931–2.316 .099
�ELA: epidural labour analgesia; ARM: artificial rupture of membranes;
BMI: body mass index; OR: odds ratio; CI: confidence interval.

Figure 1. ELA duration ROC.
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dose, the incidence of high block increased [20].
Dadarkar et al [21] did not supplement the test dose
before CS; they performed SA directly, and reported
no high block. Therefore, we use and recommend the
first method. The primary objective is to judge the
position of the catheter, rather than to test the effect
of a catheter that might have been displaced.

With regards to poor catheter location and insuffi-
cient analgesia, our approach is to abandon conver-
sion, remove the catheter, and administer SA.
However, in another study [22], the researchers contin-
ued the conversion or administered GA, and the final
GA rate was 13.1%. In some studies that did not
actively implement SA, the GA rate was between 7.8%
and 19.8% [23–25], which was higher than the require-
ment of <5% [26]. Although the SA rate in this study
was 24.9%, we administered GA in only 23 cases
(2.2%), and could reduce the adverse outcomes of
obstetric GA significantly.

This study had some limitations. First, because the
three hospitals were in the same city, both the obste-
tricians and anaesthesiologists had similar medical
habits, making it easier to draw consistent conclusions.
Second, the conversion rate of ELA to CS (14.3%) was
too high, suggesting that the indications for CS are
not clearly defined in obstetrics. Thus, there may be
deviations from the actual number of cases. Further
high-quality studies are needed to evaluate the poten-
tial risk factors associated with conversion failure.

5. Conclusion

Prolonged ELA duration increased the possibility of
rendering the epidural catheter invalid, resulting in a
raised risk of conversion failure from ELA to ESA.
Furthermore, this risk was higher when the ELA dur-
ation was >8 h. Therefore, conversion should be aban-
doned in a parturient with a long period of analgesia
(especially more than 8 h) requires a CS. In addition, if
it is impossible to judge whether the conversion is
successful immediately, SA should be given to reduce
the high block or GA rate.

These conclusions need to be accepted with cau-
tion by other medical institutions, and anaesthesiolo-
gists should determine the cut-off point according to
the real situation in their hospitals. Nevertheless, it is

true that prolonged ELA duration raises the risk of
conversion failure; hence, we recommend that anaes-
thesiologists strengthen the follow-up and treatment
during ELA, establish good communication with obste-
tricians and midwives, and choose an appropriate
anaesthetic methods to improve the prognosis of
mothers and babies.
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