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Postpartum hemorrhage is one of the leading causes of maternal mortality, and its rate of
occurrence increases with the increase in the rates of cesarean section. The main prophylaxis
is oxytocin, although the best way to administer it (intravenous bolus or continuous infusion)is
the most effective and safe. Objectives: To compare the effectiveness and safety of
intravenous bolus with the infusion regimen of oxytocin in patients undergoing elective
cesarean delivery. Methods: The quasi-experimental study compared intravenous oxytocin
bolus versus continuous infusion for the prevention of postpartum hemorrhage in women
undergoing elective cesarean section. Ninety term pregnant women (ASA I-Il)were allocated to
receive either a 31U IV bolus followed by infusion or a 10 IU continuous infusion. The primary
outcome was postpartum hemorrhage, while secondary outcomes included uterine tone,
additional uterotonic requirement, hemodynamic stability, and maternal side effects. Data
were analyzed using SPSS version 26.0, with p<0.05 considered statistically significant.
Results: The incidence of postpartum hemorrhage was similar in the bolus(4.4%) and infusion
(2.2%) groups (p=0.78), with no significant difference in uterine atony or mean blood loss,
indicating comparable uterotonic efficacy. However, hypotension and tachycardia were
significantly more frequent in the bolus group (p=0.02 and p=0.03, respectively). Conclusions:
Intravenous oxytocin bolus and infusion are equally effective in preventing postpartum
hemorrhage and maintaining uterine tone during elective cesarean section; however,
continuous infusion offers superior maternal hemodynamic stability with significantly lower
ratesof hypotensionandtachycardia, makingit the saferregimen.

INTRODUCTION

Oxytocin is the most widely used uterotonic agent during
cesarean delivery to promote uterine contraction and
reduce the risk of postpartum hemorrhage (PPH), a major
contributor to maternal morbidity worldwide [1]. Although
oxytocin is routinely administered following delivery of the
fetus, the optimal intravenous regimen remains

controversial. Rapid bolus administration has been
associated with adverse maternal hemodynamic effects
such as hypotension and tachycardia, whereas continuous
infusion may provide comparable uterotonic efficacy with
improved cardiovascular stability [2]. Good uterotonic
agents are thus critical towards containing too much blood
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loss during and after cesarean section [3]. Oxytocin is
among these, and it is well known as the first
pharmacological support to induce uterine contraction
and reduce hemorrhage [4]. The preoperative use of it is
also common in the cases of cesarean section to improve
the tone and limit the occurrence of postpartum bleeding
[5]. Nevertheless, the best protocol to administer oxytocin
is one that compares the effects of intravenous bolus to
that of the continuous infusion method, where the clinical
research is still underway to establish which one is the
most effective and least side effects [6, 7]. Such practice
variability reveals a gap in existing knowledge about the
best oxytocin dosing approaches, especially when
considering the heterogeneity of research that is mainly
doneonlow-risk patients[8]. Althoughitis widely used, the
hemodynamic effects of oxytocin, e.g., hypotension,
require careful consideration of the methods of its
administration [9]. The decision between intravenous
bolus and the continuous infusion regimen of oxytocin has
a direct impact on the pharmacokinetic characteristics of
oxytocin and its consequent uterine response, which
impacts the rate of oxytocin response and the duration of
uterine contractions [10]. Although oxytocin is the
standard option when it comes to use of this hormone to
prevent undue bleeding in the uterus during cesarean
delivery, a significant percentage of women, between 10-
40 percent, still need to receive further uterotonic
medication, either methylergometrine or 15-methyl
prostaglandin F2a, to curb uterine atony [11]. Newer
synthetic uterotonics have since been developed, which
prove to be potentially beneficial in minimizing the
necessity of further uterotonic medication and blood
transfusion over oxytocin in low-risk patients [4, 12].
However, oxytocinis the first-line prophylaxis drug used to
prevent postpartum bleeding, although there are still
controversies on the recommended dosage and rate of
administration[13]. This is especially vital considering that
refractory uterine atony, despite the prevalence of
oxytocin, remains a challenge, and additional research on
administration procedures is still required [14]. In
particular, Sheehan et al. demonstrated that an oxytocin
bolus combined with infusion reduced the need for
additional uterotonics without increasing postpartum
hemorrhage compared with bolus alone [15]. Similarly,
Nagai et al. reported that protocolized oxytocin infusion
during elective cesarean delivery maintained uterine tone
with fewer hemodynamic disturbances and reduced
supplemental uterotonic requirements. Based on these
findings, the chosen regimens in our study were designed
to balance uterotonic effectiveness with maternal safety
[1]. Thus, the work is of essential importance to
comprehensively assess and compare the various ways of
administration of oxytocin.
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However, with all the current evidence on oxytocin, the
safety profiles between intravenous bolus and continuous
infusion regimens during elective cesarean sections are
not well compared in terms of their effects on maternal
hemodynamic stability. Oxytocin is an effective agent in
inducing uterine contraction; however, its use by rapid IV
bolus may result in severe hypotension and tachycardia,
which is a potentially avoidable risk factor of
cardiovascular stability in the mother during and post-
cesarean section. The study aimed at reducing the risk of
poor uterine response and will benefit the establishment of
evidence-based optimal protocols of oxytocin
administration to improve maternal outcome by exploring
the efficacy and safety of intravenous bolus regimen
versus continuous infusion of oxytocin in women
undergoingelective cesareandelivery.

METHODS

A quasi-experimental study was conducted in the
Department of Obstetrics and Gynecology, Islam Medical
and Dental College, Sialkot, Pakistan, which took place over
a September 2024 to March 2025 period of time after
getting ethical approval (300/IMC/ERC/000103). It aimed at
comparing the effectiveness of intravenous bolus with
continuous infusion regimen of oxytocin in the prevention
of postpartum bleeding and maintenance of uterine tone
among women undergoing elective cesarean delivery.
Maternal hemodynamic stability and maternal side effect
profiles were also putin focus with regard to each regimen.
All the participants gave written informed consent before
enrolling. The experiment was in accordance with the
Helsinki Declaration. The sample size was calculated by the
mean amount of blood loss of the intravenous slow bolus 5
IU of oxytocin group (840.65 + 397.56 mL) and the group
with 5 IU oxytocin bolus and an infusion (547.51 + 222.15) by
taking 80 percent of the statistical power, the 5 percent of
error, and the dropout rate as 10 percent, and the total
amount of 90 participants was obtained[16]. The sample of
the research consisted of women (18-40 years old) with
singleton pregnancies (37 to 40 weeks gestational) who
chose the elective cesarean section and had normal pre-
pregnancy body mass index (18.5 to 24.9 kg/m2) with ASA
physical status | or Il. The exclusion criteria included
multiple pregnancies, emergent delivery, underlying
medical factors (e.g., diabetes, hypertension, cardiac
disease), oxytocin contraindications, a history of cesarean
delivery, placenta previa/abruption, use of interfering
drugs, or labor induction/augmentation. Oxytocin
administration was initiated immediately after umbilical
cord clamping and before placental delivery in both study
groups. Group A (bolus regimen) received 3 IU oxytocin
intravenously as aslow bolus over 1-2 minutes immediately
aftercord clamping, followed by aninfusion of 80 mL Ringer
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Lactate without additional oxytocin. Group B (infusion
regimen) received 10 IU oxytocin diluted in 80 mL Ringer
Lactate, administered as a continuous intravenous
infusion at a rate of 1 IU/min (8 mL/min), starting
immediately after cord clamping and continued until the
full volume was infused. Uterine tone was assessed after
placental delivery and at predefined time intervals.
Baseline vital signs, hemoglobin/hematocrit levels, and IV
accesswereincludedin preoperative assessment. Ringer's
Lactate 500-1000 mL preloading was administered to the
patients, and prophylaxis antibiotics. Standardized spinal
anesthesia (0.5% hyperbaric bupivacaine and intrathecal
fentanyl) was used along with the use of supplemental
oxygen. Constant hemodynamic observation was done. Its
major effect was postpartum hemorrhage (blood loss of
greater than 1000 mL or blood transfusion). The secondary
outcomes were uterine tone (4-point scale during placenta
delivery, 5, and 15 minutes after childbirth), the necessity of
receiving extra uterotonics, and side effects (nausea,
vomiting, hypotension, tachycardia). A quantitative
method of measuring blood loss was performed through a
calibrated drape and sponge weight.

All the data were recorded on a structured proforma.
Statistical analysis was done in SPSS v26.0, where the
independent t-tests were used, or Mann-Whitney U tests
were used when the variable is continuous, and Chi-square
or Fisher exact tests were used when the variable is
categorical, because p-value less than 0.05 was
considered statistically significant.

RESULTS

The participants were separated into 90 women in the
bolus(n=45)and infusion (n=45)groups. The baseline traits
(age, BMI, parity, and gestational age) were similar in
groups, and no statistically significant differences were
found(p>0.05)(Table1).

Table 1: Demographic Characteristics of Participants

DOI: https://doi.org/10.54383/pjhs.v7i3.3675

indicating no significant difference in PPH prevention.
Uterine atony, defined as a tone score of <2, was observed
in 3 patients (6.7%) in the infusion group compared to 3
patients(6.7%)in the bolus group(p=0.82), also showing no
significant difference in maintaining uterine tone. The
need for additional uterotonics was slightly higher in the
bolus group (5 patients, 11.1%) compared to the infusion
group (4 patients, 8.9%), but again, the difference was not
statistically significant(p=0.65)(Table 2).

Table 2: Comparison of Maternal Outcomesamong Study Groups

Bolus Group  Infusion Group p-

Characteristic (n=45) (n=45) value
Postpartum Hemorrhage 2(4.4%) 1(2.2%) 0.78
Uterine Atony 3(6.7%) 3(6.7%) 0.82

Need for Additional Uterotonics 5(11.1%) 4(8.9%) 0.65
Mean Blood Loss (mL)(SD) 545 + 145 525+138 0.32

Characteristic Bolus Infusion Total p-
Group (n=45) Group(n=45) (n=90) value
Age
18-25 M(24.4%) 10(22.2%) 21(23.3%)
26-35 27(60.0%) 28(62.2%) 55(61.1%) | 0.61
36-40 7(15.6%) 7(15.6%) 14(15.6%)
Normal BMI
185249 | 40(88.9%) | 39(86.7%) [79(87.8%) | 0.78
Others
Primiparous 20 (44.4%) 22(48.9%) | 42(46.7%)
- 0.54
Multiparous 25(55.6%) 23(51.1%) | 48(53.3%)
Gestational Age
37-38 Weeks 13(28.9%) 15(33.3%) 28(31.1%) 0.48
39-40 Weeks 32(71.1%) 30(66.7%) 62(68.9%) |

The incidence of postpartum hemorrhage (PPH) was 4.4%
in the bolus group and 2.2% in the infusion group (p=0.78),

The mean blood loss was 545 + 145 mL in the bolus group
and 525 £ 138 mL in the infusion group, showing no
significant difference (p=0.32). However, in contrast to the
similar efficacy in PPH prevention and uterine tone, a
statistically significant difference was observed in
hemodynamic side effects. Hypotension was significantly
more frequent in the bolus group (22.2%) compared to the
infusion group (2.2%)(p=0.02). Likewise, there was a great
prevalence of tachycardia in the bolus group (20.0%)
compared to the infusion group (4.4%) (p=0.03). Side
effects like nausea and vomiting were similar in groups
(p>0.05). These findings indicate that both IV bolus and
infusion regimens of oxytocin have similar effects in the
prevention of PPH and preserving uterine tone in elective
Cesarean delivery, although the IV infusion regimen has a
distinct benefit when it comes to maternal hemodynamic
stability, which undoubtedly lowers the rate of hypotension
andtachycardia(Table 3).

Table 3: Comparison of Side Effectsamong Study Groups

Side Effect Bolus Group, (n=45) Infusion Group, (n=45) p-value

Nausea 4(8.9%) 2(4.4%) 0.35
Vomiting 2(4.4%) 0(0%) 0.15
Hypotension 10(22.2%) 1(2.2%) 0.02*
Tachycardia 9(20.0%) 2(4.4%) 0.03*

*p-value <0.05, indicating statistical significance

DISCUSSION

The similar effectiveness of the bolus and infusion groups
in the primary outcomes, including the incidence of PPH,
uterine atony, and mean blood loss, concurs with the
results of other studies. Our study's estimate of mean blood
loss is also in line with the average blood loss that was
published previously about elective cesarean deliveries
using prophylactic oxytocin [3]. As an example, a meta-
analysis and systematic review of carbetocin and oxytocin
in high-risk women reported that various regimens of
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oxytocin could have a similar effect in preventing PPH[6].
Research that compared three uterotonic methods usedin
PPH prevention when performing cesarean section also
implied that different interventions might yield similar
resultsinterms of blood loss[13]. These findings areinline
with the current study, which argues that both bolus and
infusion interventions can be successful in achieving
myometrial stimulation to prevent excessive blood loss
since the outcomes of both methods were low PPH rates
and comparable uterine atony rates [11]. Therefore,
although various administration techniques are used, the
result on the uterotonic effect on managing any blood loss
may be the same, given that the best protocols are applied.
Although this efficacy was also found in the uterotonic
effect, our study found a statistically significant benefit of
the continuousinfusionregimenin maternalhemodynamic
stability. The bolus-only group had significantly more cases
of hypotension and tachycardia as opposed to the infusion
group. This effect is not surprising according to the
principles of pharmacodynamics: anabruptincreaseinthe
concentration of oxytocin caused by a rapid injection of an
oxytocin bolus may result in dose-related vasodilatory
actions and consequent baroreceptor excitation, which
eventually result in hypotension and reflex tachycardia[9].
Conversely, a low-level infusion over a period of time
suppresses such peaks, promoting homeostasis in the
cardiovascular system without diminishing uterotonic
potency [10]. These hemodynamic benefits of infusion
schedules have been noted in the literature, and some
studies suggest infusion regimens as opposed to boluses
toreduceincidences of adverse cardiovascular events[8].
The lack of notable disparities between our groups in such
gastrointestinal side effects as nausea and vomiting
further implies similar overall tolerability to the
hemodynamic effect. Our results provide credence to the
growing body of evidence that oxytocin in the form of a
bolus is adequate to achieve uterotonic efficacy, but an
infusion approach provides a vital hemodynamic safety
margin, and this makes it a better choice in elective
cesarean operation, especially to prevent complications
involving maternal cardiovascular reactions [1]. This
difference in safety profile is especially important because
refractory uterine atony is still a problem despite the
popularity of oxytocin administration, which requires
caution regarding the guidelines of use [ 14 ]. The variability
of the research, especially in relation to different amounts
of dose needed in case of elective and intrapartum
cesarean section, again evidences the need to formulate
the best administration procedures [8]. The noted
hemodynamic stability difference could possibly be
explained by the pharmacokinetics of oxytocin, whereby a
continuous infusion compared to a bolus dose provides a
more stable plasma concentration, which cushions the
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sudden cardiovascular changes caused by bolus dosing
[17]. Moreover, constant release infusion prevents
transient surges in oxytocin level, which can cause acute
effects, e.qg., reflex tachycardia, which is frequently
observed after bolus delivery [18]. The findings of the
present study are consistent with previously reported
hemodynamic effects of oxytocin administration during
cesarean delivery under neuraxial anesthesia. Archer et al.
demonstrated thatintravenous oxytocin, particularly when
administered as a bolus, produces significant
cardiovascular changes, including hypotension and
tachycardia, attributable to its vasodilatory properties and
rapidonsetofaction[19,20].

Nevertheless, the exact processes of action of oxytocin on
the cardiovascular system, especially the interactions
between direct vasodilation and reflex, are yet to be
clarified. Future studies ought to examine the best dosing
and routes of oxytocin and its analogues to ensure they
maximize the uterotonic effects and minimize adverse
cardiovascular effects during the conduct of elective
cesarean section. These studies would be improved by
sound methodologies such as randomized controlled trials
that could be done with sufficient power to identify
clinically significant differences in maternal and neonatal
outcomes.

CONCLUSIONS

This study demonstrated that both intravenous bolus and
continuous infusion regimens of oxytocin are equally
effective in preventing postpartum hemorrhage and
maintaining adequate uterine tone during elective
cesarean delivery. However, continuous intravenous
infusion was associated with significantly better maternal
hemodynamic stability, with lower incidences of
hypotension and tachycardia compared with bolus
administration, while other adverse effects were
comparable between groups. These findings suggest that
oxytocin administered as a continuous infusion offers a
safer hemodynamic profile and may be the preferred
regimeninwomenundergoing elective cesareansection.
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