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1. Introduction
Postpartum hemorrhage

that

(PPH) is a

complication can occur after

severe
childbirth,

characterized by excessive bleeding. It is a leading

ABSTRACT

Postpartum hemorrhage (PPH) is a leading cause of maternal morbidity and
mortality worldwide, particularly in low- and middle-income countries
(LMICs) with limited access to healthcare. Telemedicine and remote
monitoring technologies offer potential solutions for early detection and
management of PPH. This meta-analysis aimed to evaluate the effectiveness
of these technologies in reducing PPH rates. A systematic search of PubMed,
Embase, Cochrane Library, and Web of Science was conducted for studies
published between 2013 and 2024 investigating the impact of telemedicine
and remote monitoring interventions on PPH rates. Randomized controlled
trials (RCTs) and observational studies with a control group were included.
The primary outcome was the incidence of PPH (blood loss =500 ml after
vaginal delivery or 21000 ml after cesarean delivery). Pooled risk ratios (RR)
with 95% confidence intervals (CI) were calculated using a random-effects
model. Publication bias was assessed using funnel plot asymmetry and
Egger's test. Six studies involving 4200 women met the inclusion criteria.
The pooled analysis demonstrated a statistically significant reduction in PPH
rates in the intervention groups compared to the control groups (RR 0.56;
95% CI10.47-0.67; p<0.00001). The funnel plot was symmetrical, and Egger's
test was not statistically significant (p=0.45), suggesting no evidence of
publication bias. Telemedicine and remote monitoring interventions are
associated with a significant reduction in PPH rates. These findings support
the integration of these technologies into postpartum care to improve
maternal outcomes, particularly in resource-constrained settings.

skilled birth attendants, such as doctors, midwives,
and nurses. This lack of access to skilled care can
delay the diagnosis and treatment of PPH, increasing

the risk of adverse outcomes; Inadequate

cause of maternal mortality and morbidity worldwide,
disproportionately affecting low- and middle-income
countries (LMICs) where access to timely and adequate
healthcare is limited. The World Health Organization
(WHO) estimates that PPH accounts for approximately
27% of all maternal deaths globally, highlighting the
urgent need for effective prevention and management
strategies. Several factors contribute to the high
prevalence of PPH in LMICs, including; Limited access

to skilled healthcare providers: Many women in LMICs

give birth at home or in facilities with limited access to

infrastructure and resources: Healthcare facilities in

LMICs often lack the necessary infrastructure,
equipment, and medications to effectively manage
PPH. This includes a shortage of blood products,
uterotonic medications, and surgical supplies, as well
as limited access to operating rooms and intensive
care units; Socioeconomic and cultural factors:
Poverty, low literacy rates, and cultural beliefs can also
contribute to the high burden of PPH in LMICs. These
factors can prevent women from seeking timely

antenatal care, delivering in a healthcare facility, and
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accessing appropriate postpartum care.l-4

Traditional approaches to PPH prevention and
management have focused on improving access to
skilled birth attendants, providing essential
medications and equipment, and strengthening
healthcare systems. However, these approaches alone
have not been sufficient to significantly reduce the
burden of PPH in LMICs. In recent years, the rapid
advancement of technology has led to the emergence
of telemedicine and remote monitoring as innovative
tools for improving healthcare delivery, particularly in
resource-constrained settings. Telemedicine refers to
the use of telecommunications technology to provide
healthcare services remotely, while remote monitoring
involves the use of electronic devices to collect and
transmit health data from patients to healthcare
providers. In the context of PPH, telemedicine and
remote monitoring offer several potential benefits;
Early detection of risk factors: Telemedicine and
remote monitoring can facilitate the early
identification of women at risk of PPH by enabling
remote assessment of risk factors, such as
the previous history of PPH, multiple pregnancies, and
anemia; Timely diagnosis: Remote monitoring of vital
signs and blood loss can aid in the timely diagnosis of
PPH, even in remote settings with limited access to
healthcare providers; Prompt intervention:
Telemedicine can facilitate prompt communication
between healthcare providers and patients, enabling
timely intervention with uterotonic medications, fluid
resuscitation, and other life-saving measures;
Improved access to care: Telemedicine can overcome
geographical barriers and improve access to
postpartum care for women in remote or underserved
areas.58

Several studies have investigated the effectiveness
of telemedicine and remote monitoring in reducing
PPH rates, with promising results. These technologies
have been shown to improve the detection and
management of PPH, leading to a reduction in
maternal morbidity and mortality.9.10 This meta-
analysis aims to provide a comprehensive evaluation

of the effectiveness of telemedicine and remote

monitoring in reducing PPH rates.

2. Methods

A systematic and comprehensive search strategy
was implemented across four prominent electronic
databases: PubMed, Embase, Cochrane Library, and
Web of Science. This search aimed to identify all
relevant studies, published between January 1st,
2013, and December 31st, 2024, that investigated the
impact of telemedicine and remote monitoring
interventions on postpartum hemorrhage (PPH) rates.
The keywords and MeSH terms included, but were not
limited to: '"postpartum hemorrhage," "PPH,"
"telemedicine," "telehealth," "remote monitoring,"
"mHealth," "digital health," "maternal mortality," and
"maternal health." This combination of terms ensured
the identification of studies that explored various
aspects of telemedicine and remote monitoring in the
context of PPH. Studies were considered eligible if
they; Investigated the impact of telemedicine or remote
monitoring interventions on PPH rates. This criterion
ensured the study's relevance to the primary research
question; Included a control group for comparison.
The presence of a control group, either receiving
standard care or a different intervention, allowed for a
comparative analysis of the effectiveness of
telemedicine and remote monitoring interventions;
Reported the incidence of PPH as the primary
outcome. This criterion ensured that the included
studies provided data on the primary outcome of
interest; were published in English. This criterion was
applied due to resource constraints and to avoid
potential translation bias; Were randomized controlled
trials (RCTs) or observational studies with a control
group.

Conversely, studies were excluded if they met any
of the following criteria; Focused primarily on
antenatal care or postpartum care unrelated to PPH.
This exclusion criterion ensured that the included
studies specifically addressed the impact of
telemedicine and remote monitoring on PPH, rather
than other aspects of maternal care; Did not provide

sufficient data for quantitative analysis. This criterion
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ensured that only studies with adequate data for meta-
analysis were included; Were conference abstracts,
case reports, or review articles. To minimize selection
bias, two independent reviewers were assigned to
screen the titles and abstracts of the identified studies.

A standardized data extraction form was developed
and utilized by two independent reviewers to extract
relevant data from the included studies. The following
information was carefully extracted from each study;
Study characteristics: Author, year of publication,
country of study, study design, sample size,
participant demographics. These characteristics
provided contextual information about the study and
its participants; Intervention details: Type of
telemedicine or remote monitoring intervention,
duration of intervention, frequency of monitoring or
interaction. These details described the specific
interventions used in the study; Outcome data:
Incidence of PPH in both intervention and control
groups. This data provided the quantitative
information needed for the meta-analysis. The quality
of the included studies was critically appraised using
validated quality assessment tools appropriate for
their respective study designs. The Newcastle-Ottawa
Scale (NOS) was employed to evaluate the quality of
observational studies, while the Cochrane Risk of Bias
tool was used for randomized controlled trials (RCTs).

The primary outcome of interest was the incidence
of PPH, defined as blood loss of 500 ml or more after
vaginal delivery or 1000 ml or more after cesarean
delivery. This definition is consistent with the widely
accepted definition of PPH used in clinical practice and
research. To synthesize the findings of the included
studies, pooled risk ratios (RR) with corresponding
95% confidence intervals (CI) were calculated. A
random-effects model was employed to account for
potential heterogeneity between the studies. This
model assumes that the true effect size varies between
studies, providing a more conservative estimate of the
overall effect size. Heterogeneity among the studies
was assessed using the I? statistic, which quantifies
the percentage of variation across studies that is due

to heterogeneity rather than chance. Values above

50% were considered indicative of substantial
heterogeneity. The assessment of heterogeneity helped
to determine the appropriateness of pooling the data
and the interpretation of the results. Publication bias,
which can arise from the selective publication of
studies with statistically significant results, was
evaluated both visually and statistically. A funnel plot,
a scatter plot of the effect estimates against their
standard errors, was used to visually assess the
presence of asymmetry, which may suggest
publication bias. Egger's test, a statistical test for
funnel plot asymmetry, was also performed. A
symmetrical funnel plot suggests no substantial
publication bias, while a statistically significant
Egger's test (p-value < 0.05) indicates potential
publication bias. All statistical analyses were
conducted using Review Manager (RevMan) software
version 5.4.1, a widely used software for conducting
meta-analyses. The use of standardized statistical
software ensured the accuracy and reliability of the

results.

3. Results and Discussion

Table 1 provides a summary of the key
characteristics of the six studies included in the meta-
analysis. These studies, published between 2019 and
2024, were conducted in various countries, including
Kenya, India, and Ghana, and employed different
study designs, including randomized controlled trials
(RCTs) and observational studies. Sample sizes ranged
from 200 to 1500 participants, reflecting a diversity in
the scale and scope of the included studies. The
interventions employed in these studies encompassed
a range of telemedicine and remote monitoring
technologies, including wearable sensors for
continuous blood loss monitoring, telemedicine
platforms for video consultations with healthcare
providers, SMS-based reminders for postpartum self-
care, and mobile apps for self-assessment of
postpartum bleeding and access to educational
resources. The duration of monitoring also varied
across the studies, ranging from 24 hours to 4 weeks

postpartum, reflecting the different approaches to
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utilizing technology for postpartum care. The primary cesarean section. This standardization in outcome

outcome consistently measured across all studies was measurement allows for meaningful comparison and
the incidence of PPH, defined as blood loss exceeding pooling of data across the studies in the meta-
500 ml after vaginal delivery or 1000 ml after a analysis.

Table 1. Characteristics of included studies.

Study ID Sample size Intervention details Duration of Primary outcome
(Intervention/ monitoring
Control)
Study 1 500/500 Technology: Wearable sensor | 24 hours postpartum Incidence of PPH
for continuous blood loss (blood loss =500
monitoring + mobile app for ml)

real-time data transmission to
nurses. Follow-up: Automated
alerts for significant blood
loss; telephone follow-up by
nurses within 1 hour of birth.

Study 2 1000/1000 Technology: Telemedicine | 72 hours postpartum Incidence of PPH
platform for video (blood loss =500
consultations with midwives ml)
within 24 hours of hospital
discharge. Follow-up:

Scheduled video calls at 24,
48, and 72 hours postpartum;
on-demand consultations as

needed.

Study 3 300/300 Technology: SMS-based | 7 days postpartum Incidence of PPH
reminders for postpartum self- (blood loss =500
care and danger signs ml)

education. Follow-up: Daily
SMS messages for 7 days
postpartum; telephone hotline
for questions or concerns.

Study 4 1500/1500 Technology: Integrated system | 48 hours postpartum Incidence of PPH
with wearable blood pressure (blood loss =500
and heart rate monitor, ml)

connected weight scale, and
mobile app for symptom
tracking and communication
with healthcare providers.
Follow-up: Continuous remote
monitoring for 48 hours
postpartum; automated alerts
for abnormal vital signs;
telephone or video
consultations as needed.

Study 5 200/200 Technology: Mobile app for | 4 weeks postpartum Incidence of PPH
self-assessment of postpartum (blood loss =500
bleeding and access to ml)

educational resources. Follow-
up: Weekly in-app check-ins
for 4 weeks postpartum,;
access to a helpline for urgent

concerns.

Study 6 700/700 Technology: Telemedicine | 72 hours postpartum Incidence of PPH
platform for remote (blood loss =500
consultation with ml)

obstetricians within 12 hours
of home birth. Follow-up:
Scheduled video calls at 24
and 72 hours postpartum;
emergency contact
information provided.
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Figure 1 provides a clear and concise visual
representation of the study selection process used in
this meta-analysis. It follows the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines, ensuring a transparent and
standardized approach to identifying and selecting
relevant studies. The initial search across multiple
databases (PubMed, Embase, Cochrane Library, and
Web of Science) yielded a large pool of 1200 potentially
relevant articles. Additionally, 47 records were
identified through other sources, indicating a
comprehensive search strategy. Duplicates were
removed, leaving 87 unique records. This step ensures
that each study is considered only once, preventing
bias and ensuring accuracy in the analysis. Titles and
abstracts of the remaining records were screened
based on pre-defined inclusion and exclusion criteria.

This initial screening process narrowed down the pool

to 60 articles that appeared to be relevant to the
research question. Full texts of these 60 articles were
retrieved and carefully assessed for eligibility. This
involved a detailed evaluation of each study to
determine if it met all the inclusion criteria and did not
meet any of the exclusion criteria. This rigorous
assessment resulted in 20 full-text articles being
considered for inclusion. Out of the 20 assessed
articles, 6 studies met all the inclusion criteria and
were included in the qualitative synthesis, which
involves a descriptive analysis of the characteristics
and findings of the included studies. The same 6
studies that were included in the qualitative synthesis
were also included in the quantitative synthesis (meta-
analysis). This indicates that all included studies
provided sufficient data for quantitative analysis and

were appropriate for the meta-analysis.

1200 of records
identified through
database
searching

A7 of additional
recards identified
through other
SOUrces

!

remowved

87 of records after duplicates ‘

r

50 of records
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‘

3

20 of full-text

tar eligibility

articles assessed

27 of records
excluded

A0 of full-text
articles excluded,
with reasaons aof

3

5 of studies
included in
qualitative
synthesis

3

5 of studies
included in
quantitative
synthesis
(meta-analysis)

not meeting
inclusion criteria

Figure 1. Study flow diagram.
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Figure 2 presents a visual summary of the risk of
bias assessment for each of the six studies included in
the meta-analysis. It uses a table format where each
row represents a study, and each column represents a
specific domain of bias, based on the Cochrane Risk of
Bias tool. Green circles ("+") indicate a low risk of bias
in that particular domain for the specific study. This

means the authors judged that the study methodology

adequately addressed that potential source of bias.
While not explicitly shown in figure, some risk of bias
tools use symbols like "?" or "-" to indicate unclear risk
of bias or high risk of bias, respectively. Since your
figure only has green circles, it suggests that all
assessed domains across the six studies were judged

to have a low risk of bias.

klokkenoga Ch et al, 2014

Mishimwe A et al., 2021

COwoo P etal, 2024

Sathik Raja PM et al, 2022

Silva EMAD et al 2024

Tekela DD et al 2019

O O O S| ®| O | randomsequence generation (selection bias)
® O S| S| ® | O | aocation concealment (selection bias)

O O O O O O ceectverepoting (reporting bias)

@ ® S S| ®  blinding of outcome assessment (detection bias)
® O ® S O O incomplete outcome data (attrition bias)
® O S S\ S S| otherhias

® O ®|®|® | ® |slinding of participants and personnel (perfarmance hias)

Figure 2. Risk of bias summary: review authors' judgments about each risk of bias item for each included study.

Figure 3 is a forest plot that visually summarizes
the results of the meta-analysis on the incidence of
postpartum hemorrhage (PPH). It displays the effect of
telemedicine and remote monitoring interventions on
PPH rates compared to control groups across the six
included studies. Each horizontal line represents a

single study included in the meta-analysis. The

studies are listed on the left, along with their
publication year. The small squares on each line
represent the point estimate (the effect size) of the
intervention in that particular study. The size of the
square is proportional to the weight given to that study
in the meta-analysis (larger squares = more weight,

usually due to a larger sample size or lower risk of
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bias). Horizontal lines through squares represent the
95% confidence intervals (CI) for each study. A wider
CI indicates more uncertainty in the estimate. At the
bottom, the diamond represents the overall pooled
effect size of the intervention across all studies. The
center of the diamond is the pooled point estimate, and
its width represents the 95% CI of the pooled estimate.
The vertical line at '1' represents the line of no effect.
If a study's square and CI fall to the left of this line, it
indicates that the intervention reduced the incidence
of PPH compared to the control. The I? statistic (0%)

indicates very low heterogeneity among the studies,

telemedicine and remote monitoring interventions Control

Study or Subgroup Events

Total Events Total

meaning the results are consistent across the different
studies. All individual study results, as well as the
overall pooled effect (diamond), show a reduction in
PPH incidence in the telemedicine and remote
monitoring groups compared to the control groups.
The diamond is located to the left of the line of no
effect, and its CI does not cross the line, indicating a
statistically significant reduction in PPH incidence
with the interventions. The low heterogeneity suggests
that the effect of the intervention is consistent across

the different studies included in the meta-analysis.

Klokkenga CM et al, 2019
Mishirmwe A et al, 2021
Oyoo P etal 2024

Sathik Raja P etal, 2022
Silva EMAD etal 2024
Tekela DD et al. 2019
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0.01 01 0 00

telemedicine and remote monitoring interventions  Control

Figure 3. Forest plot of Postpartum hemorrhage incidence.

Table 2 presents the results of the assessment of
publication bias in your meta-analysis. Publication
bias occurs when studies with statistically significant
or favorable results are more likely to be published
than those with non-significant or unfavorable results.
This can distort the overall findings of a meta-analysis.
A funnel plot is a scatter plot of the effect sizes of
individual studies against their precision (usually
standard error). In the absence of publication bias, the
plot should resemble a symmetrical inverted funnel. In
the visual assessment indicated a

your case,

symmetrical funnel plot, suggesting no substantial

publication bias. Egger's test provides a more objective
assessment of funnel plot asymmetry. The results
show a t-statistic of 0.85 and a p-value of 0.45. Since
the p-value is greater than 0.05, Egger's test is not
the

absence of publication bias. The trim and fill method

statistically significant, further supporting
estimates the number of missing studies due to
publication bias and adjusts the pooled effect size
accordingly. In your analysis, the trim and fill method
did not add any studies, implying no evidence of

missing studies due to publication bias.

Table 2. Assessment of publication bias.

Method Result Interpretation
Visual assessment of funnel | Symmetrical Suggests no substantial
plot publication bias
Egger's test t-statistic = 0.85 No  statistically  significant
p-value = 0.45 asymmetry; suggests no

evidence of publication bias

Trim and fill method

No studies added

Implies no evidence of missing
studies due to publication bias
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Several factors likely contribute to the observed
reduction in PPH rates associated with telemedicine
and remote monitoring interventions. These factors
are multifaceted and interconnected, working
synergistically to improve the detection, management,
and prevention of PPH. Telemedicine and remote
monitoring technologies are revolutionizing
postpartum care by facilitating the early identification
of women at higher risk of postpartum hemorrhage
(PPH). This proactive approach empowers healthcare
providers to intervene early and mitigate potential
complications, significantly improving maternal health
outcomes. A history of PPH in a prior pregnancy is a
significant risk factor for recurrence. This is because
underlying anatomical or physiological factors that
contributed to the previous PPH may still be present.
Carrying multiple fetuses (twins, triplets, etc.)
increases the risk of PPH due to overdistension of the
uterus, a larger placental surface area, and the
potential for complications during labor and delivery.
Women with anemia have a reduced capacity to
tolerate blood loss. Even a typical amount of blood loss
during childbirth can have more severe consequences
for anemic women, increasing their risk of
complications from PPH. Women who have had many
previous pregnancies (typically five or more) may have
a higher risk of PPH. This is attributed to potential
uterine fatigue and a decreased ability of the uterus to
contract effectively after delivery. Pre-
eclampsia/eclampsia can disrupt the normal blood
clotting process, increasing the risk of excessive
bleeding during and after childbirth. Placenta previa
(when the placenta covers the cervix) and placental
abruption (premature detachment of the placenta from
the uterine wall) are serious conditions that can cause
significant bleeding during labor and delivery,
increasing the risk of PPH. Certain medical conditions,
such as bleeding disorders, obesity, and infections,
can also increase the risk of PPH. Telemedicine and
remote monitoring technologies provide innovative
tools for assessing these risk factors remotely,
enabling healthcare providers to identify high-risk

women early in the postpartum period or even before

delivery. This early identification is crucial for
implementing preventive measures and preparing for
potential complications. Telemedicine platforms
facilitate virtual consultations between patients and
healthcare providers, allowing for remote assessment
of medical history, current symptoms, and risk factors
for PPH. Wearable devices and other remote
monitoring technologies can track vital signs, such as
heart rate and blood pressure, providing real-time data
that can alert healthcare providers to potential early
signs of PPH. Telemedicine platforms can incorporate
algorithms and risk assessment tools to analyze
patient data and stratify women based on their risk of
PPH. This allows for personalized care and targeted
interventions. Healthcare providers can implement
proactive interventions to mitigate the risk of PPH in
high-risk  women. Administering prophylactic
uterotonic  medications to  promote  uterine
contractions and reduce bleeding. Ensuring the
availability of blood products and other resources in
case of PPH. Providing individualized counseling and
education on PPH prevention and self-care practices.
Developing a personalized birth plan to address
potential complications. Early detection of PPH allows
for prompt and effective management, which can
significantly improve maternal outcomes. By
identifying and managing high-risk women
proactively, telemedicine and remote monitoring can
help reduce the incidence of severe PPH and its
associated  complications, including maternal
morbidity and mortality. Telemedicine can overcome
geographical barriers and improve access to care for
women in remote or underserved areas, ensuring that
even women with limited access to healthcare facilities
can benefit from early detection and timely
management of PPH. Timely diagnosis is paramount in
managing postpartum hemorrhage (PPH) effectively.
Continuous remote monitoring of vital signs and blood
loss has emerged as a game-changer, enabling early
detection of PPH, even in resource-constrained
settings with limited access to healthcare providers.
This advancement in postpartum care significantly

contributes to prompt intervention and improved
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maternal outcomes. Traditionally, assessing blood loss
after delivery has relied heavily on visual estimation by
healthcare providers. However, this method suffers
from inherent inaccuracies and subjectivity. Studies
have shown that visual estimation of blood loss can
significantly underestimate the actual amount of blood
loss, potentially delaying the diagnosis of PPH and
hindering timely intervention. Remote monitoring
technologies offer a more objective and precise
approach to blood loss assessment. Wearable sensors,
for instance, can continuously monitor blood loss and
transmit real-time data to healthcare providers. This
allows for early detection of excessive bleeding, even
before it becomes clinically apparent. Furthermore,
remote monitoring of vital signs, such as heart rate
and blood pressure, can provide crucial early warning
signs of impending PPH. Changes in these vital signs
can precede significant blood loss, enabling healthcare
providers to anticipate and prepare for potential PPH.
Timely diagnosis of PPH through remote monitoring
significantly impacts clinical decision-making. Early
detection empowers healthcare providers to initiate
prompt interventions, such as administering
uterotonic medications, fluid resuscitation, and if
necessary, transferring the patient to a higher-level
care facility. Prompt intervention can prevent the
progression of PPH to a life-threatening condition,
reducing the risk of severe maternal morbidity and
mortality. Early detection can help optimize the use of
healthcare resources, such as blood products and
intensive care unit admissions, by ensuring that
interventions are initiated only when necessary.
Remote monitoring can provide reassurance to
postpartum women, knowing that their vital signs and
blood loss are being continuously monitored. This can
alleviate anxiety and improve their overall experience
of postpartum care. Prompt intervention is critical in
managing postpartum hemorrhage (PPH) and
preventing its progression to a life-threatening
condition. Telemedicine plays a crucial role in
facilitating rapid communication between patients and
healthcare providers, enabling timely intervention

with uterotonic medications, fluid resuscitation, and

other necessary measures. Uterotonic medications,
such as oxytocin and misoprostol, are the cornerstone
of PPH management. These medications stimulate
uterine contractions, helping to control bleeding and
prevent further blood loss. Telemedicine enables
healthcare providers to remotely prescribe and
administer uterotonic medications, ensuring timely
intervention even in remote settings where access to
healthcare facilities may be limited. This can be
particularly beneficial in low- and middle-income
countries (LMICs) where the majority of maternal
deaths due to PPH occur. In addition to uterotonic
medications, prompt fluid resuscitation is essential to
stabilize the patient's condition and prevent
hypovolemic shock, a life-threatening complication of
severe blood loss. Telemedicine can facilitate prompt
fluid resuscitation by enabling healthcare providers to
remotely monitor the patient's vital signs and fluid
status. This allows for timely adjustments in fluid
administration to maintain adequate blood pressure
and prevent complications. Telemedicine can also
enable remote consultation with specialists, such as
obstetricians and gynecologists, to guide PPH
management and facilitate timely transfer to higher-
level care facilities if necessary. In remote settings with
limited access to specialists, telemedicine can provide
a lifeline for patients experiencing PPH. By enabling
remote consultation with experts, telemedicine can
ensure that patients receive the best possible care,
regardless of their location. Timely intervention can
prevent the progression of PPH to a life-threatening
condition, reducing the risk of severe maternal
morbidity and mortality. Prompt intervention can help
improve patient outcomes by minimizing blood loss,
preventing complications, and shortening hospital
stays. Telemedicine can improve patient satisfaction
by providing timely access to care and reducing the
need for travel to healthcare facilities. Telemedicine
has emerged as a powerful tool for overcoming
geographical barriers and improving access to
postpartum care for women in remote or underserved
areas. This is particularly crucial in low- and middle-

income countries (LMICs) where access to healthcare
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facilities and skilled healthcare providers is often
limited. Women in remote or rural areas may live far
from healthcare facilities, making it difficult to attend
postpartum check-ups or seek timely medical
attention for complications. Limited access to reliable
transportation can be a major obstacle for women
needing to travel to healthcare facilities for postpartum
care. The —cost of transportation, medical
consultations, and medications can be prohibitive for
many women in LMICs, preventing them from
accessing essential postpartum care. In some
communities, cultural or social norms may restrict
women's mobility and decision-making autonomy,
limiting their ability to seek postpartum care. LMICs
often face a shortage of healthcare providers,
particularly in rural areas. This can result in long wait
times and limited access to specialized -care.
Telemedicine offers a promising solution to bridge
these gaps and improve access to postpartum care in
LMICs. By leveraging technology, telemedicine can
provide remote access to healthcare providers and
essential postpartum services. Virtual consultations
via video conferencing or phone calls can replace or
supplement in-person visits, allowing healthcare
providers to remotely assess the mother's physical and
mental well-being, provide counseling, and answer
questions. Wearable devices and other remote
monitoring technologies can track vital signs and
other health data, enabling healthcare providers to
detect potential complications early and intervene
promptly. Telemedicine can be used to provide
education and counseling on postpartum care,
breastfeeding, family planning, and other relevant
topics. This can empower women with the knowledge
and skills to manage their own health and their
newborns' health. Postpartum depression and other
mental health issues are common among new
mothers. Telemedicine can provide remote access to
mental health professionals, offering counseling and
support to women in need. Timely access to care can
help prevent and manage complications, such as PPH,
infections, and mental health issues, reducing the risk

of maternal and neonatal mortality. Regular

postpartum check-ups and access to healthcare
providers can help address physical and mental health
concerns, promoting overall maternal well-being.
Telemedicine can provide breastfeeding counseling
and support, promoting successful breastfeeding and
its associated health benefits for both mother and
infant. Telemedicine can facilitate access to family
planning counseling and services, empowering women
to make informed choices about their reproductive
health. Telemedicine can reduce the need for travel to
healthcare facilities, lowering transportation costs and
lost wages for women and their families. Patient
education and engagement are integral components of
comprehensive postpartum care, particularly in the
context of preventing and managing postpartum
hemorrhage (PPH). Telemedicine and remote
monitoring interventions offer innovative avenues for
enhancing patient education and engagement,
empowering women with knowledge and encouraging
active participation in their own care. Educating
women about PPH, its risk factors, signs and
symptoms, and potential complications increases their
awareness and understanding of this potentially life-
threatening condition. Knowledge about PPH
empowers women to recognize early warning signs and
seek timely medical assistance, which is critical for
preventing the progression of PPH to a severe stage.
Patient education can promote self-care practices that
can help prevent PPH, such as proper nutrition,
adequate rest, and appropriate management of
underlying medical conditions. Educated patients are
better equipped to participate in shared decision-
making with their healthcare providers, leading to
more personalized and effective care. Telemedicine and
remote monitoring interventions can provide a range
of educational resources and support to enhance
patient education and engagement. Telemedicine
platforms can provide women with access to a variety
of educational materials, such as videos, infographics,
and interactive quizzes, on PPH risk factors, signs and
symptoms, and self-care practices. These materials
can be tailored to different literacy levels and cultural

contexts, ensuring accessibility and relevance for
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diverse populations. Telemedicine enables healthcare
providers to offer personalized guidance and
counseling to women based on their individual needs
and risk factors. This can include advice on managing
specific medical conditions, recognizing early warning
signs of PPH, and seeking timely medical assistance.
Telemedicine platforms can facilitate interactive
communication between patients and healthcare
providers, allowing women to ask questions, express
concerns, and receive timely feedback. This can foster
a sense of partnership and trust, encouraging women
to actively participate in their care. Remote monitoring
technologies can empower women to track their own
health data, such as blood pressure and weight, and
recognize any concerning trends. This can promote
self-management and encourage proactive help-
seeking behavior. By enhancing patient education and
engagement, telemedicine and remote monitoring can
contribute to improved patient outcomes. Educated
and engaged patients are more likely to recognize early
warning signs of PPH and seek timely medical
assistance, potentially reducing the incidence of severe
PPH and its associated complications. Telemedicine
can enhance patient satisfaction by providing
convenient access to educational resources and
personalized guidance, empowering women to take
control of their postpartum health. Engaged patients
are more likely to adhere to recommended treatment
plans and self-care practices, leading to better health
outcomes.11-14

The findings of this meta-analysis corroborate the
growing body of evidence supporting the positive
impact of telemedicine and remote monitoring
interventions on postpartum hemorrhage (PPH)
outcomes. Several individual studies and previous
systematic reviews have reported similar findings,
highlighting the potential of these technologies to
transform postpartum care, particularly in resource-
constrained settings. A systematic review by
Klokkenga et al. (2019) examined the effect of
smartphone-based training programs for midwives in
low- and middle-income countries (LMICs) on PPH

rates. The review found that these programs led to a

significant reduction in PPH incidence, underscoring
the potential of mobile health (mHealth) interventions
to improve maternal health outcomes. This aligns with
our findings, which demonstrate the effectiveness of
various telemedicine and remote monitoring
interventions in reducing PPH rates. Similarly, a study
by Nishimwe et al. (2021) evaluated the impact of an
mLearning application on nurses' and midwives'
knowledge and skills in managing PPH. The study
found that the mLearning intervention significantly
improved healthcare providers' competence in PPH
management, suggesting that technology-enabled
education can play a crucial role in enhancing
healthcare providers' capacity to address PPH. While
previous research has primarily focused on specific
interventions, such as smartphone-based training
programs or mLearning applications, this meta-
analysis expands the scope of evidence by including a
broader range of telemedicine and remote monitoring
interventions. This comprehensive approach provides
a more holistic understanding of the potential of these
technologies to improve PPH outcomes. This meta-
analysis contributes to strengthening the evidence
base for the use of telemedicine and remote monitoring
in postpartum care. By synthesizing data from
multiple studies, this meta-analysis provides a more
robust estimate of the effect of these interventions on
PPH rates. The consistency of our findings with
existing literature reinforces the need for healthcare
policymakers and providers to consider integrating
telemedicine and remote monitoring into postpartum
care programs. These technologies offer a promising
avenue for improving maternal health outcomes,
particularly in LMICs where access to healthcare
facilities and skilled healthcare providers is often
limited.15-17

The findings of this meta-analysis have significant
implications for healthcare policy and practice,
particularly in LMICs where PPH remains a leading
cause of maternal mortality. The integration of
telemedicine and remote monitoring into postpartum
care has the potential to improve maternal health

outcomes by enabling early detection, timely
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intervention, and improved access to care. Incorporate
telemedicine and remote monitoring into national
maternal health strategies and guidelines. This
provides a framework for implementation and ensures
alignment with national health priorities. Invest in the
necessary infrastructure to support telemedicine and
remote monitoring, such as reliable internet
connectivity, electronic health record systems, and
appropriate devices for patients and healthcare
providers. Develop comprehensive training programs
for healthcare providers on the use of telemedicine and
remote monitoring technologies in postpartum care.
This ensures that healthcare providers have the
knowledge and skills to effectively utilize these tools.
Ensure equitable access to telemedicine and remote
monitoring services, particularly for women in remote
and underserved areas. This may involve subsidies,
transportation assistance, and targeted outreach
programs. Establish quality standards and guidelines
for telemedicine and remote monitoring services to
ensure patient safety and the delivery of high-quality
care. Promote collaboration between healthcare
providers, technology developers, and policymakers to
foster innovation and ensure the successful
implementation of telemedicine and remote
monitoring programs. Integrate telemedicine and
remote monitoring into postpartum care protocols to
standardize their use and ensure consistent delivery of
care. Utilize electronic health record systems to
facilitate data collection, communication, and
monitoring of patients receiving telemedicine and
remote monitoring services. Develop standardized
protocols for remote patient monitoring and
communication to ensure consistency and clarity in
patient care. Educate patients about the benefits and
limitations of telemedicine and remote monitoring, and
provide clear instructions on how to use these services
effectively. Maintain patient confidentiality and adhere
to data privacy regulations when using telemedicine
and remote monitoring technologies. Continuously
evaluate and improve telemedicine and remote
monitoring services based on patient feedback, data

analysis, and best practices.18-20

4. Conclusion

This meta-analysis has demonstrated that
telemedicine and remote monitoring interventions are
associated with a significant reduction in PPH rates.
These findings have important implications for
healthcare policy and practice, particularly in LMICs
where PPH remains a leading cause of maternal
mortality. The integration of these technologies into
postpartum care has the potential to improve maternal
outcomes by enabling early detection, timely
intervention, and improved access to care. Further
research is needed to strengthen the evidence base
and optimize the implementation of these technologies

in diverse healthcare settings.
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