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Background: The current guideline for oxytocin regimens in the abnormal labor of delivery is continuous infusion. The ob-
jective of the present study was to compare effects and safety measures of various available regimens of oxy-
tocin in abnormal labor delivery.

Material/Methods: In this clinical experimental study, a total of 900 pregnant women admitted for delivery were randomized into 5
group with 162 each. Pregnant women received oxytocin as continuous administration of 16 mU/min (Group 1),
1 mU/min (group I1), 4 mU/min (group Il), 5 mU/min quarter-hourly (group V), and through a syringe pump
(group V). Measurement of the expense of delivery, the ratio of the instrumental delivery, and the other sec-
ondary outcome measures was performed to find the best regimen of oxytocin. The 2-tailed paired t test and
Mann-Whitney U test following Dunnett’s multiple comparison tests were used at 95% confidence level.
Results: Pulsatile delivery had least risk of instrumental delivery as compared to continuous infusion (p<0.0001, g=6.663)
and normal-frequency low-dose (p<0.0001, g=5.638) of oxytocin. The time required from infusion to delivery
was longer for group Il (p=0.001, g=2.925), group IV (p<0.0001, g=4.829), and group V (p<0.0001, g=41.456)
than for group I. The expense of delivery was: group | < group Il < group IV < group lIl < group V.

Conclusions: High-dose and pulsatile preparation of oxytocin had reduced risks of operative delivery vs. continuous

administration.
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Background

Failure to have uterine contractions and cervix enhance-
ment are defined as abnormal labor (AL) or dystocic delivery
(Figure 1) [1] and is common in childbirth [2]. To overcome such
conditions, Caesarean section (CS), forceps delivery (FD), oxy-
tocin (OXT) [3], amniotomy [4], and hydration administration
are used before delivery. OXT is a nonapeptide [5] that is nat-
urally secreted by the posterior pituitary gland, and a synthet-
ic form is used in AL for normal vaginal delivery [6]; it stimu-
lates uterine contractility [3] and is also used in the treatment
of postpartum hemorrhage [7].

The current guideline for OXT regimens in AL delivery is con-
tinuous infusion [8]. However, cardiac effects have been also
reported by continuous infusion of OXT [6]. There are vari-
ous regimens available for OXT, including low-dose [5], high-
dose [3], increased frequency [5], and pulsatile preparations [9].
Different regimens have different outcome measures and
adverse effects as per the conditions and profile of the pa-
tients [3]. To date, available studies are only comparisons of
continuous infusion and pulsatile delivery of OXT. However, an
individualized treatment does not exist, and arrested labor is
handled according to adopted clinical guidelines rather than
taking into account the status of the uterus and the patholog-
ical and anatomical conditions of pregnant women [1]. Most
of the randomized studies had a high rate of operative deliv-
ery in abnormal labor [10]. The present study compared all
regimens of OXT available in the market for augmentation of
labor in child birth, aiming to help obstetrics with the selec-
tion of proper regimens of OXT for augmentation of labor. To
the best of our knowledge, no single study has compared all
dosage forms of OXT for augmentation of labor. The present
study was carried out to determine if it is possible to decrease
the rate of instrumental deliveries and to increase the health
of the mothers without affecting the health of the neonates,
and to assess the economic implications of various regimens.

The primary objective of the study was to compare the ratio
of instrumental delivery. The secondary endpoint of the study
was to compare secondary outcome measures for various avail-
able regimens of OXT in AL following delivery for augmenta-
tion of labor in Chinese pregnant women.

Material and Methods

Material

Various regimens of OXT injection (Pitocin®) were purchased
from Pfizer Inc. (USA). Normal saline was purchased from
Baxter (China) Pvt. Ltd.
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Figure 1. Pictorial presentation of reasons for abnormal labor.
a: excess contraction, b: too much fluid, c: multiple
fetuses, d: ischemia, e: placental abruption, f: cervical
factor, g: rupture of membrane, h: hormonal changes, i:
bacterial infection.

Ethics statement

The Maternal and Neonatal Ethics Committee of Wuhan
Maternal and Child Healthcare Hospital, China approved the
protocol of augmentation of delivery, and we followed the
ethics guidelines for sexual and reproductive healthcare re-
search on female participants for childbirth in accordance with
Chinese law [11].

Inclusion criteria

From 1 January 2013 to 31 December 2015, there were 900
pregnant women admitted for childbirth to Wuhan Maternal
and Child Healthcare Hospital, Wuhan, China and to Second
People’s Hospital of Huanggang City, China. Wuhan Maternal
and Child Healthcare Hospital and Second People’s Hospital of
Huanggang City are non-governmental referral bodies of the
Ministry of Education and Ministry of Health in PR China. This
clinical experimental study enrolled primiparous women with
cervical dilation at least 28 mm with no augmentation, the
absence of any pregnancy complications, singleton pregnan-
cy, with an arrested labor progress per the partogram, with a
need for oxytocin for augmentation of labor. We only included
women over 18 years of age, who had gestational age 260-
295 days, and who gave informed consent for augmentation of
labor and publication of their data in educational magazines,
journals, and textbooks in any form or medium (including all
forms of electronic publication or distribution) anywhere in
the world without time limit (Table 1).
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Table 1. Anatomical and prenatal characteristics of pregnant women.

Parameters

2 mU/min 8 mU/min
16 mU/min following following . .
Treatment of OXT Continuous 1 mU/min 4 mU/min uf;:eLrJ/P:T;I:rl r:u:rzttlilgns
administration Normal Normal q Y prep
frequency frequency
Sample Size 162 162 162 162 162
Age (Mean £SD) (years) 25.75+1.84 25.46+1.95 25.53+2.46 26.84+1.62 28.44+3.07
Gestational age (Mean +SD) (days) 282+8 281+5 278+4 281+5 283+7
Presence of genital Infection 5 3) 4 ) 6 (4) 7 4) 8 (5)
Educated” 80 (49) 85 (52) 86 (53) 87 (54) 89 (55)
Smokers 12 7) 13 ®) 14 ) 15 ©) 17 (10)
Alcoholic 9 (6) 8 (5) 13 (8) 12 7) 11 (7)
First time delivery 144  (89) 142 (88) 138 (85) 139 (86) 143 (88)
Second delivery 16 (10) 18 (11) 21 (13) 21 (13) 18  (11)
More than second delivery 2 (1) 2 (1) 3 ) 1 (1) 1 (1)
Origin
Pre-
pregnancy
BMI
(kg/m?)
Blood
pressure
(mmHg)

BMI — body mass index; OXT — oxytocin. Data were represented as Number (Percentage). * Cardiac patient, ¥ Graduate or more. Insignificant
differences in anatomical and prenatal characteristics (p>0.01). Patients with history of serious diseases were excluded from the study.

Exclusion criteria

Pregnant women who had a fetal abnormality or previous his-
tory of CS and FD were excluded for augmentation of labor.
Women who had deformities of the uterus, physical illness,
psychiatric abnormalities, epilepsy, or bipolar disorders were
excluded from the study, as were women under 18 years of
age, who had gestational age less than 259 days, and who had
a history of serious diseases.

Prior sample size calculations

Open Epi source 3.01 (Epidemiologic Statistics for Public Health)
was used for prior sample size calculations. The prior sample
size was found to be 162 in each of 5 group (simple random-
ization). The parameters were considered as population size
(N): 900, hypothesized% frequency (p): 85+5%, confidence
limit: 95%, and design effect: 1 [12]. The 5-arm study tree is
presented in Figure 2.
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| Assessed for eligibility (n=900)

Excluded (n=90)

- Fatal abnormality (n=5)

- Previous history of Caesarean section (n=65)
- Previous history of forceps delivery (n=8

- Deformities of uterus (n=7)

- Physical illness (n=1)

-Psychiatric abnormalities (N=1)

- Epilepsy (n=2)

- Bipolar disordes (n=1)

| Randomized for oxytion administration (n=810) |

! n T

Group IlII: initial dose of Group IV: 5 mU/min
8 mU/min following 4 quarter hourly
mU/min (n=162) (n=162)

Group I: 16 mU/min
Continuous
administration (n=162)

Group Il: initial dose of
2mU/min following 1
mU/min (n=162)

Group V: pulsatile
delivery (n=162)

Follow-up

4

Normal delivery (n=149) Normal delivery (n=150) Normal delivery (n=159)

Normal delivery (n=120)
Cesarean section (n=15)
Ventouse (n=14)
Forceps delivery (n=13)

Normal delivery (n=126)
Cesarean section (n=13)
Ventouse (n=12)
Forceps delivery (n=11)

Cesarean section (n=6)
Ventouse (n=5)
Forceps delivery (n=2)

Cesarean section (n=5)
Ventouse (n=4)
Forceps delivery (n=3)

Cesarean section (n=1)
Ventouse (n=1)
Forceps delivery (n=T1)

Analyzed for
secondary outcome
measures (n=162)
‘Excluded from
analysis (n=0)

Analyzed for
secondary outcome
measures (n=162)
-Excluded from
analysis (n=0)

Analyzed for
secondary outcome
measures (n=162)
‘Excluded from
analysis (n=0)

Analyzed for
secondary outcome
measures (n=162)
-Excluded from
analysis (n=0)

Analyzed for
secondary outcome
measures (n=162)
‘Excluded from
analysis (n=0)

Figure 2. The 5-arm clinical experimental study tree for different oxytocin regimens administration in abnormal labor condition.

Intervention

Continuous administration of 16 mU/min OXT was performed ac-
cording to obstetrics guidelines (group 1) [13]. There was an ini-
tial dose of 2 mU/min after 1 mU/min (group Il), and the initial
dose of 8 mU/min after 4 mU/min (group I1l) OXT [3]. There was
5 mU/min OXT quarter-hourly (group IV) administered [14]. The
syringe pump (Wuhan Union Medical Technology Co., Ltd., Wuhan,
China) was used for pulsatile OXT delivery (group V). The pump
delivered a one-eighth portion of the continuous administration[9].

Primary outcome measures

The rate of operative delivery or the instrumental delivery, in-
cluding CS, Ventouse, and FD, was evaluated for each group [15].

Secondary outcome measures

We evaluated secondary outcomes such as failed vaginal birth
within 24 h after oxytocin administration, time required from

infusion to delivery, and time required for pain relief. Maternal
death, child death, uterine hyperstimulation, post-delivery hem-
orrhage, Apgar score, and the time required for the first stage
of labor to delivery were counted for each group [9].

Sample collection

At delivery, samples were collected before and after labor room
administration. Data on CS, Ventouse, and FD were collected
from midwifery. The urine samples and vaginal biopsies were
taken for uterine hyperstimulation, post-delivery hemorrhage,
Apgar score, and the time required for the first stage of labor
to delivery [16]. A vaginal biopsy was performed by an obste-
trician using urethra cystoscope flexible biopsy forceps urolog-
ic instruments (Henan Forever Medical Co., Ltd., Guangzhou,
China). The sample collected was immediately sent to the
Pathology Department for further analysis. The pathologist
was blinded to the regimens used.
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Table 2. Comparisons of primary outcome measures.

Type of delivery Measures

(group (group (group (group

I vs.

)]

Mvs. Nlvs. lllvs. IVvs. IVvs. IVvs.

0.0025 2.326 0.0078 1.569

CLINICAL RESEARCH

(group (group (group
(group (group

)} ) 1)) N} 1) m Vs. 1) Vs )

0.0014 2.585 0.3188 0.0001 3.619

@ © @ ®) 1)
) 4 12 5 4 1
Instrumental delivery  Ventouse 0.16 0.0026 2.446 0.0079 1.926 0.0013 2.718 0.319 0.0002 3.533
@ O (€ @ 1)
13 11 2 3 1
FD 0.3188 0.0008 3.27 0.0025 2.636 0.0014 2.972 0.312 0.0004 3.567
® O @ @) 1)
) 120 126 149 150 159
Normal delivery 0.0138 <0.0001 4.954 <0.0001 3.93 <0.0001 5.125 0.318 <0.0001 6.663
(74)  (78) (92) (93) 97)

N/A — not applicable. Sample size: n=162 for all groups. CS — Cesarean section; FD — forceps delivery; SA — statistical analysis value.
Data were represented as Number (Percentage). For statistical analysis, instrumental delivery was considered as 1 and normal delivery

was considered as 0.

Expense of delivery

The cost for pathology, hospitalization, interventions, and fol-
low-up of each woman in the study were evaluated. The pa-
thology cost included the cost of pathology before delivery.
The intervention cost included intervention, cold-chain logis-
tics, wastage, and distribution costs. The hospitalization cost
included case charges, indoor room charges, ICU charges, and
ventilator charges. The follow-up cost was included after dis-
charge treatment and pathology [17].

Postnatal questionnaires

A structured questionnaire was used, including questions on
physical complaints, only post-delivery-related pain, sleep, en-
ergy, self-evaluated life stress, and perceived life satisfaction
at 3-month intervals during the postnatal period [18].

Statistical analysis

All data are represented as mean + SD (standard deviation)
of 5 independent results. The 2-tailed paired t test (InStat
Statistica, GraphPad Software, Inc., CA, USA) considering $=0.1
and a=0.05 [12] following Dunnett’s multiple comparative test
(InStat Statistica, GraphPad Software, Inc., CA, USA) consider-
ing g>2.44 as significant value [19] were used for anatomical
and prenatal characteristics of pregnant women, primary out-
come measures after treatment, and expense of delivery. The
Mann-Whitney U test (InStat Statistica, GraphPad Software,
Inc., CA, USA) considering Mann-Whitney U-statistic (U’) <14,823
as the significant value [15] following Dunnett’s multiple com-
parative tests considering g>2.211 as the significant value [20]

was used for secondary outcome measures and answers to
questionnaires during postnatal follow-up. The secondary out-
come measures and answers to questionnaires during follow-
up of the postnatal period had lacking normal distributions;
therefore, a Mann-Whitney U-statistic was performed. The data
were considered as significant at 95% of confidence level and
Intention-To-Treat (ITT) analysis [21]. Missing data were bal-
anced across groups by re-inclusion [22].

Results

The enrolled pregnant women in all groups had the same kind
of anatomical and prenatal characteristics at the time of aug-
mentation of labor (p>0.01 for all).

Normal-frequency high-dose (p<0.0001, g=4.954), high-fre-
quency low-dose (p<0.0001, g=5.125), and pulsatile delivery
(p<0.0001, g=6.663) of OXT had negligible risk of instrumental
delivery as compared to traditional continuous infusion admin-
istration of OXT. However, risks were not reduced in normal-fre-
quency low-dose OXT (p=0.0138, g=1.025) vs. continuous infu-
sion of OXT. Moreover, pulsatile delivery of OXT had the least
risk of instrumental delivery as compared to normal-frequen-
cy low-dose (p<0.0001, g=5.638) therapies of OXT (Table 2).

The time required for pain relief for women was the same in
all groups (p ,.,.,20.05, Figure 3).

The time required from infusion to delivery was longer for
group Il (p=0.001, g=2.925), group IV (p<0.0001, g=4.829),
and group V (p<0.0001, g=41.456) as compared to group |.
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Figure 3. Comparisons of the time required for pain relief. No
significant difference among treatments (p overall
>0.05). Data are represented as mean +SD, n=162.
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Figure 4. Comparisons of the time required from infusion to
delivery (h) between groups. Data are represented as
mean +SD, n=162.

Group IV (p<0.0001, g=4.247) also had a longer time from
infusion to delivery than in group Ill. However, the time re-
quired from infusion to delivery was the same between group
I and Ill (p=0.6912) and between group Il and Ill (p=0.0103,
G=0.407) (Figure 4).

More time was required for the first stage of labor to deliv-
ery for group V (p<0.0001, g=5.796) vs. group |. However, the
time required for the first stage of labor to delivery was the
same between the other groups (p>0.05, U’>14,823, Figure 5).

Failed vaginal birth within 24 h, maternal death, death of a
child, post-delivery hemorrhage, and Apgar score <7 at 5 min
were more common (U’'>14,823) in group V compared to group
I (U<14,823, g>2.211) (Table 3).

Figure 5. Comparisons of the time required for the first stage
of labor to delivery. Higher for group V (p<0.0001,
g=5.796) vs. group I. Insignificant differences between
the other treatments (U’>14,823). Data are represented
as mean +SD, n=162.

Number of patients

Group | Group I

Grouplll  Group IV
Uterine hyper stimulation

GroupV

Figure 6. Uterine hyperstimulation effect due to different
oxytocin regimens. The significant reduction in group V
(p=0.0328, q=4.422) vs. group |. For statistical analysis,
uterine hyperstimulation event was considered as 1
and absence of that event was considered as 0.

There was not a significant reduction in uterine hyperstimu-
lation in group Il (p=0.4811), group Il (p=0.6154), or group
IV (p=0.2694) compared to group |, as reported in Figure 6.
However, there was a significant reduction in uterine hyper-
stimulation in pulsatile OXT regimen (p=0.0328, g=4.422) vs.
continuous administration.

The cost of OXT administration is shown in Table 4: group |
< group Il < group IV < group Ill < group V.

The statistical analysis showed that questionnaire answers
during follow-up of the postnatal period were the same for
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Table 3. Comparisons of secondary outcome measures.

Measures
1 (group
(group li(group 1l (group (group (group (group (group -
vs.l) wvs.l) I vs. 1) Wl vs. T) llvs. ) IVvs.l) IVvs. 1) n) :
3
FVB 0.1579 N/A 0.1579 0.0452 0.5613 0.0249 0.6987 0.0833 N/A <0.0001 3.913
25  (26) (23) (22) @)
3 4 5 2 2
DW 0.919 N/A 0.8385 0.9191 N/A 0.9189 N/A  0.7595 N/A 0.9189 N/A
@ @ ®) 1) 1)
5 4 4 2 3
DC 0.9191 N/A 0.9191 N/A N/A 0.7592 N/A  0.8382 N/A 0.8384 N/A
€) @ @ 1) @
23 15 25 18 2
PDH 0.4209 N/A 0.4819 0.3146 N/A 0.6158 N/A  0.4824 N/A 0.033  4.563
(14) ©) (15) (11) 1)
9 8 7 6 1
AS 0.9195 N/A 0.8391 0.9194 N/A 0.7603 N/A  0.9193 N/A 0.4135 N/A
(6) (5) @) @) ()]

N/A — not applicable. Sample size: n=162 for all groups. FVB — failed vaginal birth within 24 h; DW — death of women; DC — death of
child; PDH — post-delivery hemorrhage; AS — Apgar score <7 at 5 min; SA :— statistical analysis value. Data were represented as Number
(Percentage). For statistical analysis, secondary outcome event was considered as 1 and absence of that event was considered as 0.

Table 4. Total expense of the delivery (Euro).

Cost
parame-
]
ters (group q-(group I (group (group (group ( 9 T (group (group (group (group > (group (group
rou|
Il vs. vs. 1) MMvs. vs. llvs. 8 Ipl) IVvs. IVvs. IVvs. IVvs. Vvs. Vuvs.
vs.
) ) 1)) ) D omy ) )
142 135 14.73 16.14 17.57
P 0.0008 2.801 0397 N/A <0.0001 4615 <0.0001 7.716 <0.0001 5.31 <0.0001 13.993
+1.85 +1.79 +2.57 +2.72 $2.22
147.32 162. 165.02 15
H <0.0001 33.273 <0.0001 39.206 <0.0001 4.99 <0.0001 21.535 <0.0001 15.015 <0.0001 59.752
+1.79 4.5 +2.48 + +
77.84 95.03 103.63 10
<0.0001 38.504 <0.0001 57.762 <0.0001 15.522 <0.0001 66.223 <0.0001 6.82 <0.0001 110.69
+1.95 #3.56 +1.72 7.6 15
177.34 182.67 187.38 188.07 188.5
F <0.0001 16.898 <0.0001 31.8 <0.0001 15.641 <0.0001 33.991 0.055 2.3 <0.0001 35.614
+1.71 +2.24
416.7 453.55 470.76 468.58 507.71
T <0.0001 51.42 <0.0001 75.437 <0.0001 20.771 <0.0001 72.396 0.0122 2.63 <0.0001 127
+6.63  +6.6 +4.78 +10.02 +5.29

N/A — not applicable. Sample size: n=162 for all groups. P — pathology; H — hospitalization; | — intervention; F — follow-up; T — total;
SA - statistical analysis value. Data were represented as Mean +SD.

all participants irrespective of the therapy used for augmen- continuous vs. pulsatile [9], and no other studies on different
tation of labor (data are not presented). regimens of OXT administration have evaluated the expense of
delivery, which was assessed for first time in the present study.

Discussion We found no significant changes in child death among all
treatment regimens. Previous studies reported that pulsa-
The pulsatile OXT regimen is much more expensive than the oth- tile or delayed OXT regimens were associated with longer la-

er treatments. The previous studies on high- vs. low-dose [3,23], bor and more chances of child death [9,24]. Previous studies
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reported such adverse effects of pulsatile OXT regimen because
of large sample size [25] or lack of proper knowledge or expo-
sure regarding administration of dosage forms [26]. In associa-
tion with pharmaceutical technology adopted in the study, the
study was authentic regarding secondary outcome measures.

The study was carried out without administration of amniotic
fluid. To date, available studies do not show the superiority of
different dosage regimens of OXT in labor [27] because of ad-
ministration of amniotomy [28] and hydration along with OXT.
When amniotic fluid is given along with OXT, it may augment
the action of OXT [4]. In the combined action of amniotic flu-
id and OXT in augmentation of labor, it is difficult to evaluate
the action of different regimens of OXT [29]. In respect to the
choice of the single OXT regimen in AL, the finding was clear
about confounding effects on outcome measures.

Group Ill had a significant reduction in instrumental delivery
patients as compared to group | and group II. High-dose OXT
decreased the risk of CS, Ventouse, and FD, and shortens the
labor [27]. In respect to dose of OXT in the regimen, the high-
dose OXT decreased maternal anxiety.

Regarding limitations of the study, clinicians and the obstetrics
team had adequate knowledge of each dosage regimen of OXT
from pharmaceutical companies before the study. The program
was costly and time-consuming. The study was somewhat te-
dious because the questionnaire was used every 3 months
during the postnatal period. Our literature review was limited
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to literature published in English. The study did not evaluate
the secondary effect of oxytocin regimens with the other la-
bor-augmenting agents like bicarbonates or magnesium sul-
fate. Finally, the study only evaluated singleton pregnancies.

Conclusions

This clinical experimental study provided comparisons of the
effects and the cost of therapy of different regimens of oxy-
tocin, which can be useful for abnormal labor following de-
livery. The high-dose and pulsatile preparation of oxytocin
had reduced risks of operative delivery and had an excessive
cost of therapy as compared to continuous administration of
oxytocin. A larger study is required to evaluate the second-
ary effect of different oxytocin regimens along with amniot-
omy and hydration.
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