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Abstract

Background Clinical studies and trials have shown that oxytocin can effectively reduce postpartum bleeding, whether by
intramuscular (IM) injection or intravenous (IV) injection. These two methods are widely used in the prevention and treat-
ment for the third stage of childbirth. However, it is unclear whether the subtle differences between the mode of these routes
have any effect on maternal outcomes.

Objectives To systematically evaluate the efficacy and safety of oxytocin administered intramuscularly or intravenously for
prophylactic management of the third stage of labor after vaginal birth.

Methods Computerized retrieval of PubMed, the Cochrane Library, Web of Science, Embase, and ClinicalTrials.gov was
conducted to collect randomized controlled trials (RCT) on the effects of IM and I'V oxytocin on the third stage of labor.
After independent literature screening, data extraction and evaluation of the bias risk of included studies by two evaluators,
RevMan 5.3 software was used for a meta-analysis.

Results Six studies with 7734 women were included in this study. Meta-analysis results showed that: the severe postpartum
hemorrhage (PPH) rate [risk ratio (RR) 1.54, 95% confidence interval (95% CI) 1.08-2.20, P=0.02], PPH rate (RR 1.31,
95% CI 1.11-1.55, P=0.001), incidence of blood transfusion (RR 2.30, 95% CI 1.35-3.93, P=0.002) and the need of
manual removal of placenta (RR 1.44,95% CI 1.05-1.96, P=0.02) for IM group were higher than IV group, but there were
no significant differences in the use of additional uterotonics (P =0.31) and the incidence of serious maternal morbidity and
adverse effects between two groups. None of the included studies reported maternal death.

Conclusion For clinical practice, intravenous injection oxytocin 10 IU may be a good, safe option in the management of
the third stage of labor. Medical conditions, available resources, adverse effects, and women’ s preferences should also be
considered. If an IV line is already in place at delivery, IV administration may be preferable to IM injection.

Keywords Intravenous injection - Intramuscular injection - Oxytocin - The third stage of labor - System evaluation - Meta-
analysis

Introduction delivery and the leading cause is complications during the

third stage of labor. Among these complications, postpartum

Estimates of global maternal mortality suggest that over
300,000 women die each year during pregnancy and child-
birth [1]. Most maternal deaths occur within 24 h after
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hemorrhage (PPH) is a major cause of maternal death and
morbidity worldwide and is most commonly a result of uter-
ine atony [2, 3]. According to the World Health Organization
(WHO), PPH is defined as bleeding from the genital tract
in excess of 500 mL after the birth of the baby [4]. Active
management of the third stage of labor (AMTSL) can help
to facilitate uterine contraction and expulsion of the placenta
and prevent PPH. AMTSL is a set of interlocking interven-
tions that usually include administration of a prophylactic
uterotonic during or immediately after the birth of the baby,
cord clamping and cutting, and placental delivery by con-
trolled cord traction [5].
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Oxytocin is the gold standard uterotonic drug used in
the active management of the third stage of labor [6]. Com-
parative studies of oxytocin either in combination with
other components of active management or alone show
that it is safe and effective in reducing PPH [7]. While
the value of routine oxytocin in the third stage of labor
has been well established, questions remain regarding the
optimal route for its administration. Indeed, a compari-
son of guidelines reveals significant heterogeneity in the
recommendations for administering prophylactic oxytocin
released by professional associations and leading health
authorities [8]. For instance, some guidelines recommend
intramuscular (IM) bolus dose of oxytocin 10 IU [9-11],
whereas the World Health Organization recommends oxy-
tocin 10 IU intramuscularly or by slow intravenous (IV)
injection equally during the third stage of labor [12, 13].
There are some differences between IM injection and IV
routes of oxytocin, such as the time taken until oxytocin
starts to work and the effects on blood pressure and heart
rate. The administration of oxytocin via IM injection has
become a more serviceable option as it requires lesser
time, relatively fewer skills and equipment to adminis-
ter than IV administration, particularly in lower levels of
care where IV placement may be less feasible [14, 15].
Yet, evidence also supports IV administration, and some
researchers report improved clinical outcomes that favor
IV routes over IM [16, 17]. Studies also found that IV
administration results in a faster uterine response and a
higher peak in plasma oxytocin levels [18-20].

A Cochrane review identified a lack of randomized
controlled trials that related to comparison of IM and IV
injection of prophylactic oxytocin when used for the third
stage of labor [14] and another review reported that few
studies of prophylactic oxytocin used blind technology [7].
Both studies lack evidence regarding the optimal route of
administration of oxytocin [7, 14]. Therefore, this study
used a meta-analysis to comprehensively evaluate the effi-
cacy and safety of IM and IV oxytocin injection on the
third stage of labor, hoping to provide evidence for clinical
medication.

Table 1 Search terms used in the PubMed

Materials and methods
Search strategy

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [21] were followed. All PRISMA
[21] -compliant searches of PubMed, the Cochrane Library,
Web of Science, Embase and ClinicalTrials.gov were con-
ducted on studies (dates of inception to Jan 2020) for rand-
omized controlled trials (RCT) assessing the effects of IM
and IV oxytocin on the third stage of labor. English search
terms include: intravenous injection, intramuscular injection,
oxytocin, the third stage of labor, etc. The reference included
in the study was traced back to supplement the acquisition of
relevant literature. No language restrictions were applied in
the search strategy. Table 1 illustrates the sensitive literature
search strategy based on the PubMed.

Inclusion and exclusion criteria

Research types All randomized controlled trials (RCTs)
related to comparison of IM and IV injection of oxytocin
when used for intervention of the third stage of labor in Eng-
lish. Non-randomized trials (e.g., descriptive study, clinical
control study and semi-randomized controlled trials) were
excluded.

Participant Women to give birth vaginally, regardless of
other aspects of third stage of labor management.

Intervention Intramuscular (IM) injection bolus of oxytocin
given as prophylaxis for the third stage of labor.

Comparison Intravenous (IV) injection of oxytocin (used
alone by bolus infusion or combined with saline by slow
intravenous injection) as prophylaxis for the third stage of
labor, at any dose and timing of administration.

Outcome We included studies if they reported one or more
than one of the following outcomes: primary outcome: (1)

Database Search items

PubMed

(intravenous injection [mh] OR intravenous administration [mh] OR mainline [mh] OR intravenous [mh] OR injection [mh] OR

intravenous injection [tiab] OR intravenous administration [tiab] OR mainlin [tiab] OR intravenous [tiab] OR injection [tiab] OR
vein injection [tiab] OR venous injection [tiab]) AND (intramuscular injection [mh] OR muscle injection [mh] OR muscular injec-
tion [tiab] OR intramuscular injection [tiab] OR muscle injection [tiab] OR intramuscularly injected [tiab] OR muscle injected
[tiab] OR treated with intramuscular injection [tiab] OR intramuscular administration [tiab]) AND (oxytocin [mh] OR pitocin [mh]
OR utedrin [mh] OR alpha hypophamine [mh] OR oxytocin [tiab] OR pitocin [tiab] OR utedrin [tiab] OR alpha hypophamine
[tiab]) AND (the third stage of labor [mh] OR third stage [mh] OR third stage labour [mh] OR the third stage of labor [tiab] OR

third stage [tiab] OR third stage labour [tiab])
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severe PPH (blood loss of 1000 mL or more), (2) serious
maternal morbidity (e.g., organ failure, coma, intensive
care unit (ICU) admission and hysterectomy); secondary
outcomes: (1) PPH (blood loss of 500 mL or more), (2) use
of additional uterotonics, (3) blood transfusion, (4) retained
placenta or manual removal of placenta, (5) maternal death,
(6) adverse effects: including minor adverse effects (e.g.,
headache, nausea or vomiting) and major adverse effects
(e.g., maternal hypotension or any adverse effect requiring
treatment) between delivery of baby and discharge from the
labor ward.

Study selection

Two review authors independently screened the title and
abstract. Then, the full text should be further read to deter-
mine the final inclusion after excluding the obviously irrel-
evant literature.

In case of differences, they consulted a third party to
assist in the judgment, and tried to contact the author to
supplement the lacking data.

Data extraction

Two evaluators independently extracted the following data
using a pre-standardized form and cross-checked them. The
content of data extraction mainly includes: (1) basic infor-
mation of the included study, including authors, publica-
tion year, sample size, gestational age, specific details of the
intervention measures (the usage and dosage of oxytocin),
etc.; (2) results measurement indicators, including primary
outcomes, secondary outcomes, and adverse effects, etc. The
extracted data were rechecked by a third author.

Risk assessment of bias included in the study

The risk of bias in the included studies was assessed by two
reviewers using the Cochrane manual tool [22] for risk of
bias in RCT.

Assessment of reporting biases

If there are ten or more studies available in analysis of an
outcome parameter, we will use funnel plots to investigate
reporting biases (such as publication bias). We will assess
their symmetry visually. If asymmetry is suggested by a
visual assessment, we will perform exploratory analyses to
investigate it.

Statistical analysis

RevMan 5.3 software was used for this meta-analysis.
The relative risk (RR) was used as the effect index for the

dichotomous data, and the Std. mean difference (SMD) was
used as the effect index for the measurement data. The point
estimates and 95% CI of each effect quantity were given. Het-
erogeneity among the included studies was evaluated by chi-
square test (alpha=0.1), and the heterogeneity was evaluated
quantitatively. If there was no statistical heterogeneity among
the results, a fixed effect model was used for meta-analysis.
If there was statistical heterogeneity among the results, the
sources of heterogeneity were further analyzed. After exclud-
ing the effect of obvious clinical heterogeneity, a random
effect model was used for meta-analysis. Significant clinical
heterogeneity was treated by sensitivity analysis, or descrip-
tive analysis.

Results
Literature retrieval results

The electronic searches identified 154 potentially eligible stud-
ies. 130 studies were excluded by title and abstract screening.
The remaining 14 full-text articles were assessed for eligibility.
Ultimately, six studies [23-28] satisfied the eligibility criteria.
Figure 1 presents a flow diagram outlining how the final papers
were selected.

The basic characteristics of studies included
in the analysis

As shown in Table 2, finally, six studies [23-28] including
seven RCTs [a three-arm study [25] has three groups and two
comparisons: IM injection (2104 women) vs IV infusion (2108
women) and IM injection vs IV bolus (701 women)] with 7734
women met the inclusion criteria and contribute data to the
review. Six studies were carried out in hospital settings in
Turkey [23, 27], Ireland [24], Egypt [25], Thailand [26] and
Argentina [28] respectively, and one of them selected preg-
nant women in two hospitals [25]. All women were 18 years
or older and underwent vaginal deliveries. The doses of oxy-
tocin were 10 IU with two administration routes in six studies:
intramuscular injection or intravenous injection (used oxytocin
alone or oxytocin diluted in normal saline solution). In addi-
tion, the measurements of blood loss were all described as
‘objective measurement and specific description’. The time
of postpartum blood loss measured and side effects observed
varied in six studies. There were no differences between the
two groups in terms of demographic and clinical characteris-
tics in six studies.
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Records identified through database searching: Pubmed
(n=54), Embase (n=35), the Cochrane Library (n=52),

Web of Science (n=6), ClinicalTrials.gov(n=5)

Additional records identified

through other sources (n=2)

Records after duplicates removed (n=92)

Articles excluded, because of failure to meet

A 4

inclusion criteria or review article (n=78)

Potential studies included in review (n=14)

y

—®» Russian(n=1), conference abstract(n=2), study

Articles excluded, because of article in

protocol(n=1), ineligible intervention(n=2),
RCT completed but results are not yet

published(n=1) and RCT terminated(n=1)

Studies included in meta-analysis (n=6)

Fig. 1 The study selection and inclusion process

Meta-analysis results

Primary outcomes1: severe PPH (blood loss 1000 mL
or more)

Four studies [23-25, 28] reported severe PPH as an out-
come. The pooled analysis of 6681 pregnant women dem-
onstrated that the IM group was associated with significantly
more severe PPH compared to IV group (2.61% vs 1.27%,
RR 1.54,95% CI 1.08-2.20, P=0.02; Fig. 2). Heterogeneity
among the studies was low (P=11%, P=0.34).

Primary outcomes2: serious maternal morbidity

Three studies [24, 27, 28] reported serious maternal mor-
bidity as an outcome. One study [24] reported that fewer
women were admitted to a high dependency unit in the IV
group compared with the IM group (1.7% vs 3.7%, adjusted
odds ratio 0.44, 95% CI 0.20-0.98, P=0.04, 1,035 women).
One study [28] reported that only one woman in IM group
needed hysterectomy or other surgery (IV vs IM group:
0% vs 0.4%, RR and 95% CI cannot estimate, P=1.00,480
women). And one study [27] reported that none of the study

@ Springer

participants required any further intervention, such as lapa-
rotomy or postpartum hysterectomy.

Secondary outcomes1: PPH (blood loss 500 mL or more)

All studies reported PPH as an outcome. PPH occurred in
253 (7.20%) and 201 (4.77%) pregnant women in the IM
group and the IV group, respectively. The pooled analysis
of 7731 pregnant women demonstrated that the incidence of
PPH was higher in IM group (RR 1.31, 95% CI 1.11-1.55,
P=0.001; Fig. 3). No heterogeneity existed among the
included studies (I*=0%, P=0.60).

Assessment of reporting biases The likelihood of publi-
cation bias was moderate (Fig. 4). However, there may still
have some reporting biases due to lack of rigor, clinical het-
erogeneity, and methodological heterogeneity, et al.

Secondary outcomes2: use of additional uterotonics

A total of 384 pregnant women who needed additional
uterotonics were reported by five studies [23-25, 27, 28]
(7284 pregnant women), 205 (6.23%) in the IM group and
179 (4.48%) in the IV group. No significant difference was
found in the use of additional uterotonics between the two
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IM group IV group

Study or Subgrou Events Total Events Total Weight
Dyanna Charles 2019a 9 2104 4 2108 8.3%
Dyanna Charles 2019b 9 2104 1 701 3.1%
Hediye Dagdeviren 2016 0 128 4 128 9.4%
Nita Adnan 2018 42 518 24 517 50.0%
Jill Durocher 2019 18 239 14 238 29.2%
Total (95% CI) 5093 3692 100.0%
Total events 78 47

Heterogeneity: Chiz = 4.48, df = 4 (P = 0.34); 12 = 11%

Risk Ratio
M-H, Fixed, 95% Cl
2.25[0.70, 7.31]
3.00 [0.38, 23.63]
0.11[0.01, 2.04]
1.75[1.07, 2.84]
1.28 [0.65, 2.51]

Risk Ratio
M-H, Fixed, 95%

Cl

1.54 [1.08, 2.20]

t
0.1

IRF

t t
0.2 0.5

1 2 5 10
Test for overall effect: Z = 2.37 (P = 0.02) Favours [IM] Favours [IV]
Fig.2 IM vs IV injection of oxytocin in the 3rd stage of labor, Outcome: severe PPH (> 1000 mL)
IM group IV group Risk Ratio Risk Ratio
"H. Fi o R o

Dyanna Charles 2019a 32 2104 16 2108 7.8% 2.00[1.10, 3.64]
Dyanna Charles 2019b 32 2104 7 701 5.1% 1.52[0.68, 3.44]
Emire Oguz Orhan 2014 18 300 12 300 5.9% 1.50 [0.74, 3.06] -
Hediye Dagdeviren 2016 15 128 15 128 7.3% 1.00 [0.51, 1.96]
Jill Durocher 2019 57 239 49 238 24.0% 1.16 [0.83, 1.62] -
Nita Adnan 2018 120 518 97 517 47.4% 1.23[0.97, 1.57] =
Ussanee Sangkomkamhang 2015 11 225 5 225 2.4% 2.20[0.78, 6.23] >
Total (95% CI) 5618 4217 100.0%  1.31[1.11, 1.55] <>
Total events 285 201
Heterogeneity: Chi? = 4.55, df = 6 (P = 0.60); I* = 0% t t f t
Test for overall effect: Z=3.19 (P = 0.001) 02 0.5 1 2 5

Favours [IM] Favours [IV]

Fig.3 IM vs IV injection of oxytocin in the 3rd stage of labor, outcome: PPH (> 500 mL)

__SE(Iog[RR]) .
/ d \
/or
02T AR
/Ol
04T / o\
/ | \
Po Y
06T / f A\
/ ! \
/, ! \\
08T / i \
l’ ! \\
N i i RR
0.01 0.1 1 10 100
Fig.4 Funnel plots of comparison of outcome: PPH (>500 mL)
IM group IV group
Dyanna Charles 2019a 23 2104 13 2108 17.6%
Dyanna Charles 2019b 23 2104 7 701 142%
Emire Oguz Orhan 2014 9 300 6 300 11.2%
Hediye Dagdeviren 2016 3 128 12 128 8.6%
Jill Durocher 2019 30 241 13 239 18.8%
Nita Adnan 2018 140 518 128 517 29.5%
Total (95% CI) 5395 3993 100.0%
Total events 228 179

Heterogeneity: Tau? = 0.15; Chi? = 12.49, df = 5 (P = 0.03); I = 60%
Test for overall effect: Z =1.02 (P = 0.31)

groups (RR 1.25,95% CI1 0.82-1.91, P=0.31, Fig. 5). There
was moderate heterogeneity among the included studies
(I>=60%, P=0.03).

Sensitivity analysis There was a moderate statistical het-
erogeneity in this outcome (I =60%, P=0.03). Thus, we
carried out a sensitivity analysis to find the potential het-
erogeneity sources. The method is to remove the included
studies sequentially to evaluate whether there is an impact
on the outcomes. When the study (Hediye Dagdeviren 2016)
was removed, the heterogeneity /> value reduced from 60
to 38%. The RR was 1.39 (95% CI 1.00-1.94), and there
was still no significant difference between the two groups

(P=0.05). After reading this article, there was no obvious
mistake or error.

Risk Ratio Risk Ratio
0, .| lom, 95% Cl
1.77 [0.90, 3.49] T
1.09 [0.47, 2.54] - r
1.50 [0.54, 4.16] I B
0.25[0.07, 0.86] -
2.29[1.22,4.28] -

1.09 [0.89, 1.34]

1.25[0.82, 1.91]

001 04 1 10
Favours [IM] Favours [IV]

100

Fig.5 IM vs IV injection of oxytocin in the 3rd stage of labor, outcome: use of additional uterotonics
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Secondary outcomes3: blood transfusion

Four studies [23-25, 28] reported blood transfusion as an
outcome. Blood transfusion occurred in 40 (1.34%) and 19
(0.51%) patients in the IM and the IV groups, respectively.
The pooled analysis of 6684 pregnant women demonstrated
that the incidence of blood transfusion was higher in IM
group (RR 2.30, 95% CI 1.35-3.93, P=0.002; Fig. 6). No
heterogeneity existed among the included studies (> =0%,
P=0.86).

Secondary outcomes4: retained placenta or manual
removal of placenta

Four studies [23, 25, 27, 28] reported manual removal of
placenta as an outcome. The pooled analysis, which included
6249 pregnant women, demonstrated that the IM group was
associated with significantly high retained placenta com-
pared to the IV group (2.42% vs 1.81%, RR 1.44, 95% CI
1.05-1.96, P=0.02, Fig. 7). No heterogeneity among the
included studies was detected (I>=0%, P=0.44).

Secondary outcomes5: maternal death

None of the included studies reported maternal death.

IM group IV group
r r Even Total Events Total Weigh
Dyanna Charles 2019a 10 2104 5 2108 25.6%
Dyanna Charles 2019b 10 2104 1 701 7.7%
Hediye Dagdeviren 2016 1 128 1 128 5.1%
Jill Durocher 2019 6 241 4 239 20.6%
Nita Adnan 2018 23 518 8 517 41.0%
Total (95% CI) 5095 3693 100.0%

Total events 50 19
Heterogeneity: Chi? = 1.30, df =4 (P = 0.86); 1> = 0%
Test for overall effect: Z = 3.06 (P = 0.002)

Secondary outcomesé6: adverse effects

All studies reported adverse effects as outcomes. We con-
ducted a descriptive analysis because of the lack of relevant
data. Hediye Dagdeviren 2016 reported that there were
no statistically significant differences between IM and IV
groups for adverse effects of oxytocin, which included shiv-
ering, nausea and/or vomiting, pyrexia and tachycardia.
Nita Adnan 2018 showed the incidence of nausea (0.2% in
both groups), vomiting (0% in both groups), headache (0.8%
vs 0.6%), shivering (1.0% vs 0.4%), tachycardia (2.7% vs
1.9%) and hypotension (2.9% vs 2.3%) in IM and IV groups
respectively. Ussanee Sangkomkamhang 2015 also reported
that there was no significant difference in the incidence of
hypotension. Emire Oguz Orhan 2014 reported that only
one woman in IM group developed uvular edema. Dyanna
Charles 2019 and Jill Durocher 2019 showed that there were
no reports of any adverse effects associated with oxytocin
administration in either study group.

Risk of bias in included studies

See Figs. 8 and 9 for a summary of our ‘Risk of bias’
assessments. In the risk bias analysis, the study by Sang-
komkamhang [26] did not describe their method for
generating the randomization sequence (unclear risk of
bias). 66.67% studies had unclear risk of selection bias

Fig.6 IM vs IV injection of oxytocin in the 3rd stage of labor, outcome: blood transfusion

IM group IV group

Study or Subgrou Events Total Events Total Weight
Dyanna Charles 2019a 60 2104 50 2108 73.5%
Dyanna Charles 2019b 60 2104 9 701 19.9%
Emire Oguz Orhan 2014 2 300 2 300 2.9%
Hediye Dagdeviren 2016 2 128 2 128 2.9%
Jill Durocher 2019 3 241 0 239 0.7%
Total (95% CI) 4877 3476 100.0%
Total events 127 63

Heterogeneity: Chi? = 3.75, df = 4 (P = 0.44); 1= 0%
Test for overall effect: Z = 2.26 (P = 0.02)
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Fig.7 IM vs IV injection of oxytocin in the 3rd stage of labor, outcome: retained placenta or manual removal of placenta
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Fig. 8 Risk of bias graph: review authors’ judgements about each risk
of bias item presented as percentages across all included studies

@ | Blinding of outcome assessment (detection bias)

@ | Allocation concealment (selection bias)

@ | Other bias

Dyanna Charles 2019

-~
-~

Emire Oguz Orhan 2014

-~

Hediye Dagdeviren 2016

-~

Jill Durocher 2019

o
. . . . . . Blinding of participants and personnel (performance bias)

Nita Adnan 2018

. . . . . . Incomplete outcome data (attrition bias)
® O O | @ O |selective reporting (reporting bias)
X)

~ | @ @ @ | @ | @ | Random sequence generation (selection bias)

Ussanee Sangkomkamhang 2015

Fig.9 Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study

of allocation concealment [23, 26-28], whereas other two
studies [24, 25] were low in risk of adopting opaque and
sealed envelopes and using random permuted blocks of
varying size. Only two studies [24, 28] were rated low in
risk of performance bias and detection bias with two-blind
technology used, whereas other four studies [23, 25-27]
did not mention performance bias and detection bias, so
lack of blinding may have had an impact on outcomes
such as blood loss estimation. Only one study [27] may
had reporting bias and other bias. All studies were low in
risk of attrition bias.

Discussion
Overall completeness and applicability of evidence

In this analysis, the incidence of severe PPH, PPH, blood
transfusion and manual removal of placenta were lower in
IV group compared with IM group, while there were no
significant differences in the use of additional uterotonics
and the incidence of serious maternal morbidity between
two groups. And none of the included studies reported
maternal death. These results substantiate earlier findings
[16, 18, 20] that both IV infusion and IV bolus adminis-
tration of 10 IU of oxytocin were associated with signifi-
cantly less average postpartum blood loss when compared
to IM injection. Although IV administration have bene-
ficial effects, but it requires sterile conditions, accurate
dosing and protection from light which limit its use in
poorly equipped areas [29]. When deciding which route
to use, some other factors should be considered, including
provider skill levels, available resources, and women’ s
preferences. For instance, if an IV line is already in place
at delivery, IV infusion or IV bolus administration of oxy-
tocin may be preferable to IM injection and may reduce
the subsequent need for additional uterotonics. Conversely,
if there is no IV line established, IM administration is
likely the most efficient way to administer oxytocin safely
after delivery of the baby. The short half-life and adverse
effects of oxytocin affect the choice of route of adminis-
tration. This trend is further supported by results from
studies of prophylactic oxytocin showing that the most
efficient route of oxytocin administration is slow intrave-
nous infusion [4] or bolus infusion given in 1-2 min [30].
Because rapid injection of oxytocin has been reported to
have some adverse effects (such as adverse cardiovascular
effects, nausea, vomiting, chest pain, headache, etc.). In
addition, the incidence of severe PPH and PPH depend
upon the accurate measure of the amount of blood loss,
but variable measurements and the time of collecting
the amount of blood loss still remain among researches
affecting this outcome [31]. Thus, the future studies should
identify these problems. And it is necessary to publish
more well-designed, high quality studies to further accu-
rately evaluate the postpartum hemorrhage complications
of intramuscular and intravenous injection of oxytocin on
the third stage of labor.

In our study, there was no significant difference in the
incidence of adverse effects between the two groups. But
the risk of cardiovascular adverse events related to IV
injection of oxytocin needs to be valued [32, 33]. Two
studies have demonstrated that intravenously injected
oxytocin can induce transient profound tachycardia,
hypotension, chest pain and electrocardiogram changes
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of myocardial ischemia [34, 35]. A report also showed
the death of two women associated with cardiovascular
instability was related to cardiac arrest after intravenous
injection of 10 IU oxytocin [32]. However, a study about
the Elective caesarean Section Syntocinon Infusion Trial
indicated that circulatory disturbances occurred in oth-
erwise healthy women due to regional anesthesia and
not in response to intravenous bolus of oxytocin [36].
These results remind us of using oxytocin in women with
unstable cardiovascular conditions (such as hypovolemia,
shock, or cardiac disease) with caution. However, there is
a paucity of data regarding the side effects of intramuscu-
lar oxytocin, probably because the usual adverse effects
of intramuscular injection of oxytocin, including pain and
abscess at the injection site, always occur in unsafe proce-
dures and have few clinical importance.

Quality of the evidence

The studies contributing data to this analysis were at mod-
erate risk of bias: four studies did not provide clear infor-
mation about how allocation was concealed at the point
of randomization, and three studies were at high risk of
performance bias and detection bias. Because the use of
blinding of participants and researchers is difficult. Two
groups would have needed to receive a placebo injection,
and the use of such placebos would cause additional dis-
comfort for participants and may be unethical. The limita-
tions of study design may induce the imprecision of out-
comes. The future studies should give importance to study
design (especially allocation concealment and blinding of
outcome assessment) to improve the quality of the research
evidence available.

Advantages and disadvantages of this study

As the interest in women-centered care is growing rapidly,
we used a meta-analysis to comprehensively evaluate the
efficacy and safety of intramuscular and intravenous injec-
tion of oxytocin in the third stage of labor. The advantages
in this study include the use of a comprehensive search strat-
egy, independent literature screening and data extraction. We
also pay attention to adverse effects beyond effectiveness
alone. However, there are following disadvantages: (1) there
was a high risk of selection bias and detection bias due to not
all studies reported allocation concealment and blinding of
outcome assessment; (2) the inconsistence and inaccuracy
in the measurements and observation time may affect the
results of the study; (3) the intravenous injection of oxytocin
was implemented inconsistently, such as different timing and
form of administration.

@ Springer

Conclusion

For clinical practice, intravenous injection oxytocin 10 IU
may be a good, safe option in the management of the third
stage of labor, resulting in less frequent severe PPH, PPH,
need for blood transfusion, and incidence of retained pla-
centa, and without excess side effects. Moreover, recom-
mendations on routes of administrating oxytocin should
consider other factors, including medical conditions, avail-
able resources, adverse effects and women’s preferences. If
an IV line is already in place at delivery, IV administration
of oxytocin may be preferable to IM injection in the third
stage of labor. In addition, it is necessary to publish more
researches to confirm this conclusion. It is worth noting
that these findings should inform decision making when
advising women on management options for the third stage
of labor.
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