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Abstract: Background and Objectives: Long and ineffective labor causes hardships for mothers and
doctors and increases the rate of cesarean sections and medical comorbidities. Several factors
contribute to effective and less painful labor, including maternal age, parity, fetal characteristics, and
the medications or procedures that obstetricians use for labor. We aimed to study the factors that
affect labor duration and identify those that make labor more effective. Materials and Methods: This
retrospective study included 141 patients who underwent normal vaginal deliveries at the Daegu
Catholic University Medical Center between April 2013 and April 2022. Among the 141 patients,
44 received pethidine intravenously, 88 received oxytocin intravenously, and 64 received epidural
anesthesia. The duration of the active phase and second stage of labor were recorded according to
the findings of a manual examination of the cervix and continuous external electronic monitoring.
We analyzed maternal and neonatal medical records and performed binomial logistic regression
to identify the factors associated with a shorter active phase of labor. The clinical outcomes in
mothers and neonates were also evaluated. Results: Among the various clinical factors, multiparity
(odds ratio of parity 0.325) and the use of pethidine (odds ratio 2.906) were significantly associated
with shortening the active phase of labor to less than 60 min. The use of epidural anesthesia or
oxytocin was not significantly associated with reducing the active phase of labor. When patients
were divided into two groups based on whether a pethidine injection had been used during labor,
the duration of the active phase was shorter in the pethidine injection group than in the control
group for both nulliparas and multiparas. No significant differences in the duration of the second
stage of labor were observed between the pethidine injection and control groups. There were no
significant differences in pregnancy outcomes, including the need for mechanical ventilation of
neonates, Apgar scores, neonatal intensive care unit admissions, number of precipitous deliveries,
maternal adverse side effects of drugs, or duration of maternal hospitalization between the two
groups. Conclusions: Pethidine can be safely administered to women during labor to help reduce the
duration of the active phase by promoting dilatation of the cervix and preventing complications that
may result from prolonged labor. Pethidine may be helpful, especially for those who cannot receive
epidural anesthesia or who cannot afford it. However, large-scale randomized controlled studies
are required to evaluate the efficacy and safety of this drug during labor. Furthermore, it would be
helpful if various studies were conducted depending on the timing of administration and indications
for delivery.
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1. Introduction

Labor pains are characterized by powerful and painful uterine contractions. The
mother’s cervix dilates and thins, allowing the fetus to descend through the birth canal.
The onset of labor pains is the result of complex biochemical changes in the uterus and
cervix [1]. Labor progress is greatly influenced by the condition of the cervix. Cervical
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dilatation and effacement are influenced by various factors, including maternal age and
parity, uterine contraction frequency and intensity, cervical compliance, fetal head position
and descent, fetal size, and medication administration [2,3]. Traditionally, the active phase
of labor was believed to begin at 4 cm cervical dilatation, after which labor is considered
to progress more rapidly according to Friedman labor curve [4]. However, Zhang et al.
presented a new indication for the onset of active labor at 6 cm cervical dilatation. In their
large study using the medical records of 19 hospitals, they reported that cervical dilatation
showed acceleration after 6 cm of dilatation, and the progress from 4 to 6 cm was slower
than previously perceived. The average duration of the active phase has been reported
as 2.1 h in nulliparous women and 1.5 h in multiparous women [5,6]. The results of their
study formed the basis of new guidelines for determining the arrest of labor and the need
for a cesarean section [7].

When the dilatation of the cervix is too slow or stops, it is considered an active-phase
disorder (protraction or arrest), and subsequent pharmacological augmentation, especially
intravenous oxytocin administration, is usually performed [8]. Long and ineffective labor
causes hardships for many mothers and increases the rate of cesarean sections, maternal
morbidity, hospital stays, and medical costs. In addition, extreme labor pain can cause
pain catastrophization, which can have a negative impact on the mother’s physical and
mental recovery after delivery [9]. To relieve labor pain, epidural anesthesia or the admin-
istration of painkillers are considered, and relaxation techniques, such as sacral massage or
aromatherapy, may be used to relieve labor pains. Such medical interventions can affect
the progress of labor [10-12].

Therefore, we aimed to evaluate the various clinical factors that affect the labor course
and identify the factors that make labor more effective and less painful.

2. Materials and Methods

This retrospective study included pregnant women who underwent normal vaginal
deliveries at the Daegu Catholic University Medical Center between April 2013 and April
2022. The inclusion criteria were as follows: patients were women aged from 16 to 45 years
with vaginal deliveries, singleton pregnancies with vertex presentation, and gestational
age at delivery ranging from 37 + 0 weeks to 41 + 1 weeks. The exclusion criteria were as
follows: patients with medical problems (major organ disorders such as diabetes, hyper-
tension, cardio-pulmonary disease, musculoskeletal disorders that can affect the progress
of labor, or systemic infection), abnormal external fetal electronic monitoring findings,
cephalopelvic disproportion, previous history of uterine surgery, multiple gestations, esti-
mated fetal weight greater than 4000 g, and obstetric complications such as preeclampsia,
fetal anomalies, preterm labor, and fetal growth restriction. A total of 141 patients met all
the above conditions and were surveyed.

The course of labor was monitored in 141 patients, and continuous external electronic
monitoring was applied to examine maternal uterine contractions and fetal heart rate.
Intravenous oxytocin was used to augment labor when the uterine contractions of the
patients were insufficient. Inappropriate uterine contractions were considered when the
intensity of uterine contractions was less than 200 Montevideo units on intrapartum external
electronic monitoring. Oxytocin (5 IU in 500 mL of normal saline) was administered at a
rate of 2.5 mIU/minute and increased by 2.5 mIU/minute every 20 min intravenously to
achieve regular contractions (more than 200 Montevideo units). When cervical dilatation
was 3-5 cm, 44 patients received a 25 mg bolus injection of pethidine intravenously, and 64
patients received an intervention of epidural anesthesia.

The reasons for receiving pethidine were as follows: the mother’s financial request,
gestational thrombocytopenia (platelet count under 100,000/uL), the mother did not want
to receive an epidural, or the mother refused a spinal procedure due to a pre-existing
back condition. After administering pethidine, the mother’s blood pressure was checked
every 10 min, and she was also checked for nausea, dizziness, difficulty breathing, or other
symptoms suggesting side effects of pethidine.



Medicina 2024, 60, 143

30f9

2.1. Method of Epidural Anesthesia in Labor

The patient is positioned on the left lateral position, with the back curved to widen the
spaces between the vertebrae. After carefully disinfecting the mother’s back with antiseptic,
the patient is numbed with 3-5 mL of 1% lidocaine injection. A Tuohy epidural needle is
inserted between lumbar vertebrae 3 and 4 or 4 and 5 intervertebral space into the epidural
space. The needle is guided by feeling the loss of resistance as it passes through different
tissues. A thin, flexible catheter is threaded through the needle and is placed roughly
3-5 cm into the epidural space. The needle is then removed, leaving the catheter in place.
The catheter is taped to the skin and connected to a pump that delivers a 10 mL mixture of
0.175% ropivacaine. Epidural solutions are administered by bolus, and additional bolus
solution is given when the patient complains of pain with same regimen via catheter. Then,
changes in pain are observed while closely monitoring the mother’s blood pressure during
labor. Epidural anesthesia catheter is removed one hour after delivery.

General physical and obstetric examinations were performed on all patients. External
electronic monitoring and manual cervical dilation measurements were performed every
hour to determine labor progression. When a mother complained of severe pain or a
sinking feeling, additional examination was performed immediately. When necessary,
vaginal delivery was performed in accordance with the routine protocol of our hospital,
including episiotomy. There were no mothers who had instrumental deliveries.

The durations of active phase and second stage of labor were recorded according to the
findings of manual examination of cervix and continuous external electronic monitoring.
The duration of the active phase of labor was defined as the time (minutes) from 6 cm
cervical dilatation to full cervical dilatation [5,6]. The duration of the second stage of labor
was defined as the time (minutes) from full cervical dilatation to delivery of the neonate.
The following clinical outcomes of mothers and newborns were recorded and analyzed:
mother (maternal age; body mass index; parity; gestational age; reason for induction; use
of pethidine, oxytocin, or epidural anesthesia; hospital stay; and any other complications)
and neonate (birth weight, use of mechanical ventilation, 1 min and 5 min Apgar scores,
and neonatal intensive care unit admission (NICU) and the reason).

2.2. Statistical Analysis

Data were analyzed using SPSS statistical software (V25.0; IBM, Armonk, NY, USA).
Variables were analyzed using binomial logistic regression. The duration of labor and
maternal-neonatal outcomes were analyzed using independent sample t-tests and chi-
square tests. p-values were obtained using two-tailed tests; p < 0.05 was considered
statistically significant. This retrospective study was approved by the Ethics Committee of
Daegu Catholic University Medical Center (approval number CR-23-104). As this study
involved retrospective data collection, informed consent was not required.

3. Results

Maternal and neonatal characteristics of the participants are presented in Table 1.
Among the 141 patients, 44 received pethidine intravenously, 88 received oxytocin intra-
venously, and 64 received epidural anesthesia.

We analyzed various clinical factors that affected the labor course of the participants
using binomial logistic regression. According to Zhang et al., the average time of the active
phase in multiparous women who underwent spontaneous labor is 1.5 h [6]; therefore,
we sought to identify the clinical factors associated with reducing the active phase to less
than 60 min. The factors related to an active phase of less than 60 min were multiparity
(p = 0.014) and the use of pethidine (p = 0.025); the use of pethidine showed a higher
correlation with a shorter duration of the active phase (odds ratio 2.906) (Table 2). The
active phase was prolonged in patients who used epidural anesthesia, as reported by Zhang
et al. (odds ratio 0.422) [6].
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Table 1. Maternal and neonatal characteristics.

Overall Group (n = 141)

Maternal age (years, mean + SD) 33.16 + 5.06
Parity

Nullipara 66

Multipara 75
Maternal BMI (kg/ m?2, mean + SD) 21.10 £2.82
Gestational age (weeks, mean + SD) 39.2+09
Reason for induction

Oligohydramnios 3

Post-term pregnancy 36

PROM 39
Pethidine injection 44
Oxytocin injection 88
Epidural anesthesia 64
Neonatal birth weight (grams, mean + SD) 3182.41 + 404.57

BMI, body mass index; PROM, premature rupture of membrane; SD, standard deviation.

Table 2. Factors associated with shorter active phase of labor (<60 min)—binomial logistic regression.

Odd Ratio 95% CI p-Value
Maternal age 0.932 0.855-1.017 0.112
Gestational age 0.983 0.924-1.046 0.598
Parity 0.325 0.133-0.795 0.014
Maternal BMI 0.936 0.806-1.086 0.381
Neonatal birth weight 1.001 1.000-1.002 0.072
Use of pethidine 2.906 1.140-7.405 0.025
Use of oxytocin 1.735 0.777-3.874 0.179
Use of epidural anesthesia ~ 0.422 0.184-0.967 0.041

CI, confidence interval; BMI, body mass index.

Based on these results, we divided the patients into two groups: those who used
pethidine and those who did not use pethidine (control group) and analyzed the duration
of the active phase and second stage. The duration of the active phase was significantly
shorter in the pethidine injection group than in the control group (56.89 + 38.53 min vs.
89.89 £ 73.53 min, p < 0.001) (Table 3). The pethidine injection group had a significantly
shorter active phase duration in both nulliparous (68.46 4= 42.63 min vs. 108.80 4 90.51 min,
p = 0.018) and multiparous (40.17 &£ 24.13 min vs. 76.61 & 55.93 min, p < 0.001) women.
For the duration of the second stage, no significant difference was observed between the
pethidine injection and control groups (17.05 & 19.99 min vs. 20.24 & 18.33 min).

Table 3. Duration of the active phase and second stage of labor.

Pethidine Injection Group Control Group

(n = 44) (n =97) p-Value
Active phase (min) 56.89 + 38.53 89.89 + 73.53 p <0.001
Nullipara (n = 66) 68.46 + 42.63 (n = 26) 108.80 + 90.51 (n = 40) p=0.018
Multipara (n = 75) 40.17 £ 24.13 (n = 18) 76.61 -+ 55.93 (n = 57) p < 0.001
Second stage (min) 17.05 4+ 19.99 20.24 +£18.33 p=0.353
Nullipara (n = 66) 22.12 & 24.26 (n = 26) 28.50 & 22.26 (n = 40) p=0276
Multipara (n = 75) 9.72 + 6.99 (n = 18) 14.44 + 12.16 (n = 57) p=0123

min, minutes. Data are presented as mean =+ SD.

Parturients who received oxytocin included 29 mothers (66%) of the pethidine group
and 59 mothers (61%) of the control group. Our subanalysis showed no significant statistical
differences in oxytocin use between the pethidine and control groups (p = 0.564). Of the
control group, 57 (59%) received epidural anesthesia.
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The neonatal and maternal outcomes are presented in Table 4. No significant difference
was noted in neonatal outcomes between the pethidine injection and control groups in
terms of mechanical ventilation and cases with 1 min and 5 min Apgar scores of 7 or
lower. The NICU admission rate was higher in the pethidine injection group; however,
the difference was not statistically significant. Among the NICU admissions, the rate of
admission due to respiratory failure, which is related to the effect of pethidine, was not
significantly different between the groups. Other reasons for NICU admission included
the need to evaluate children of mothers with prolonged ruptured membranes, maternal
systemic lupus erythematosus, gestational diabetes, and neonates with skull fractures.

Table 4. Neonatal and maternal outcomes.

i:t:\;i;ne Injection Group (Cno:tgr;))l Group p-Value
Neonatal Outcomes
Mechanical ventilation 2 (4.5) 4(4.1) p =0.908
Apgar score (1 min)
<7 4(9.1) 8(8.2)
7> 41 (93.2) 89 (91.8) p=0333
Apgar score (5 min)
<7 0(0) 1(1.0)
7> 44 (100) 96 (98.9) p=0.688
NICU admission 11 (25) 12 (12) p =0.060
* Due to respiratory failure 6 (13.6) 5(5.1) p=0.855
Maternal Outcomes
Precipitous delivery 1(2.2) 4(4.1) p=0.582
Eg;};ftﬂizlitii“sgri"d 3.55+ 0.76 347 + 0.66 p =0.574
Side effects (nausea, vomiting, 0(0) 0(0)

respiratory distress)

Values are presented as number (%). min, minutes; NICU, neonatal intensive care unit; SD, standard deviation.
* Other reasons for NICU admission: evaluation due to long period of ruptured membrane, mother with systemic
lupus erythematosus, gestational diabetes, or neonatal skull fracture.

Regarding maternal outcomes, no significant differences were observed between the
pethidine injection and control groups in terms of delivery or the duration of hospitaliza-
tion. No other complications of the pethidine injection, including nausea, vomiting, or
respiratory distress, occurred in any patient who received pethidine. In addition, since
pethidine has the effect of shortening the active period of labor, we investigated whether
it causes complications of precipitous delivery. Precipitous delivery means that the fetus
is delivered within 3 h of the start of labor. In the group receiving pethidine, only one
precipitous delivery was observed, and there was no significant difference compared to the
control group (p = 0.582).

4. Discussion

The findings of our study suggest that pethidine administration during labor reduces
the duration of the active phase of labor and has good maternal-neonatal outcomes. Pethi-
dine, also known as meperidine, is inexpensive and one of the most commonly used
drugs used during labor to reduce pain and facilitate vaginal delivery [10,11,13]. There are
various clinical indications for its use, including financial reasons, staff constraints, and
failed epidural anesthesia due to various reasons. Based on these observations, several
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physicians have reported that pethidine administration aids in pain relief and decreases
labor duration [14,15].

It has been hypothesized that pethidine affects labor duration by altering uterine
contractions and cervical ripening, and various reports have described the mechanisms
underlying these effects. Mixed uterine contraction outcomes have been reported. Several
studies have shown that intravenous injections of pethidine before labor are likely to
increase uterine contractions [16,17]. An in vitro study in rats showed that pethidine
administration inhibited the contractility of pregnant rat myometrium [18]. Collagen, the
major structural protein of the cervix, undergoes structural changes during the process of
labor, resulting in changes in tissue flexibility [19]. During cervical ripening, a pethidine-
induced increase in urokinase activity converts plasminogen into active plasmin. Upon
plasmin formation, latent pro-collagenase is converted into active collagenase, resulting in
the rapid cleavage of cervical collagen and causing cervical changes [20]. This may explain
the effects of pethidine administration on labor progression.

Safely reducing labor time is important because long and painful labor exhausts the
mother and increases the rate of cesarean sections. As a result, medical costs increase,
and maternal complications may also increase. Additionally, frequent internal manual
examinations by medical personnel during long labor times can cause chorioamnionitis [21].
Epidural anesthesia is well known as a medical treatment that reduces pain during labor for
many mothers. However, several studies and guidelines have shown that although epidural
anesthesia can reduce labor pains, it is not effective in shortening the duration of labor.
Rather, epidural anesthesia may further prolong labor duration [6,7]. In addition, epidural
anesthesia has several contraindications, including the following: maternal hypotension,
patients who cannot communicate, coagulopathy, untreated bacteremia, a poor maternal
back condition, a skin or soft tissue infection, and anticoagulant therapy. And the success
rate may vary depending on the anesthesiologist’s skill level and maternal obesity. Also,
the dosage of the drug is important. Higher doses of anesthetic drugs can cause maternal
sensory and motor abnormalities, preventing the mother from feeling pain and exerting
force [10].

Our study found that among several clinical factors thought to be related to the
pace of labor progress, only two factors were able to significantly reduce the active phase
labor duration to less than 60 min without interference from other factors in binomial
logistic regression: multi-parity (odd ratio of parity: 0.325) and the use of pethidine (odd
ratio: 2.906). It is well known that parity is related to labor duration [22], and, of course,
parity is not applicable for medical intervention. The results also show that a pethidine
injection consistently shortens the active phase labor duration across both primiparous and
multiparous mothers in the following analysis, and that is the most important result of this
study. Additionally, other studies have reported that gestational age, newborn weight, and
the use of oxytocin affect delivery time, but our study did not show a statistically significant
effect [3,22]. This may be a result of the insufficient number of participants included in
this study.

Some studies have investigated the relationship between pethidine injections and
labor duration. However, these findings are inconsistent, and no clear associations have
been reported. In one study, no significant difference was observed between the pethidine
injection and control groups in terms of labor duration; however, this study was limited
to patients with uterine dystocia [23]. Another study conducted in Turkey showed that
pethidine administration was associated with a shorter active phase of labor in primiparous
women; however, this association was not observed in multiparous women [24].

We found that pethidine injections shortened the duration of the active phase in both
primiparas and multiparas. However, the administration of pethidine was not effective
in shortening the second stage. The second stage is the period after the cervix has fully
dilated, and the effect of pethidine on the cervix no longer affects the progress of labor.
These results demonstrate the effect of pethidine on cervical change.
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According to the results of this study, pethidine is a drug that reduces the duration
and pain of labor. However, all opioids may have theoretical side effects such as respiratory
depression, nausea, vomiting, and sedation. Opioids may also influence fetal heart rate
variability by crossing the placenta via passive diffusion in large amounts [11]. Therefore,
we conducted an analysis of the safety outcomes for the group that used pethidine and
the group that did not. There were no significant side effects in mothers and neonates
when using pethidine in labor. We found no significant differences in the 1 min and 5 min
Apgar scores in neonates. Our study also showed that pethidine injections did not increase
the need for mechanical ventilation for respiratory failure in neonates. The reasons for
NICU admission other than respiratory failure included the need to evaluate the effects of
prolonged rupture of membranes (over 18 h), patients with systemic lupus erythematosus,
gestational diabetes, and neonatal skull fracture. No maternal complications, including
nausea, vomiting, or respiratory distress, were associated with pethidine use.

Previous studies on pethidine injections during labor have reported inconsistent
but mostly safe neonatal outcomes. One study found that the pH of umbilical cord artery
samples was lower in the pethidine group than in the control group; however, the difference
was not statistically significant [23]. A Polish study showed that a pethidine injection during
labor did not affect oxygen saturation, heart rate, or blood pressure in infants during the
first 24 h of life [12]. A study conducted in Iran showed no significant difference in 5 min
Apgar scores between the pethidine and control groups; however, 1 min Apgar scores
were significantly higher in the pethidine group [25]. Another study showed no significant
differences in 1 min and 5 min Apgar scores between the pethidine and control groups [24].

Most women experience satisfactory pain relief during labor after a pethidine injec-
tion [26-28]. In a Cochrane review of the use of parenteral opioids during labor, there
was no clear difference between the pethidine and placebo groups in terms of nausea or
vomiting [11]. However, because pethidine can shorten the duration of labor, there is a
theoretical possibility that it could precipitate labor and its associated complications. Our
data showed no significant differences in the rate of precipitous labor or the duration of
hospitalization between the pethidine injection and control groups.

Considering our findings, we suggest that pethidine can be safely administered to
women during labor to help reduce the duration of the active phase and prevent complica-
tions that may result from prolonged labor. We have observed the effect of administering
pethidine when the mother’s cervical dilatation is 3-5 cm to shorten labor duration; there-
fore, we believe that the appropriate time to administer pethidine is at the beginning of
the active phase. However, it would be more helpful if there were large-scale studies on
the timing of pethidine administration at various times. In addition, research is needed to
determine when it is appropriate to administer it to mothers who do not have natural labor
at all and who require labor induction according to obstetric indications.

In conclusion, pethidine may be helpful, especially for patients for whom epidural
anesthesia cannot be administered or who cannot afford it.

Study Limitations

As this was a retrospective study, the size of the pethidine injection group was small.
We expect that this limitation will be overcome in future large-scale studies. In our labor
ward, cervical dilatation was monitored every two hours during the latent phase and every
hour during the active phase or whenever there was a change in symptoms. A limitation of
this study is the lack of objective measurements. However, I believe this is a limitation that
most obstetric studies dealing with the progress of labor have [29]. Considering that cervical
dilatation was assessed by different physicians, it could only be characterized subjectively.

5. Conclusions

Our findings suggest that pethidine administration is safe for shortening the duration
of the active phase of labor. However, a large-scale, randomized, controlled study is
required to confirm the efficacy and safety of pethidine during labor. Additionally, it would
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be helpful if various studies were conducted depending on the timing of administration
and indications for delivery.
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