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Background: loT-based postpartum alert is the development of a vital sign-
checking tool using obstetric early warning system indicators. This is an effort to
prevent maternal death during the postpartum period. Monitoring is carried out
manually without interpretation and recommendations and is not connected to
the Internet. Adding interpretations and recommendations and connecting to the
Internet can help mothers and families with self-examination and remote
monitoring by midwives or health workers because, generally, mothers are at
home during the postpartum period.

Purpose: This research aims to create and test an loT-based Postpartum alert
detection tool that has been developed.

Methods: This research is R&D, divided into five stages: collecting information
through literature study, product/model design, design validation, design
revision, and small-scale product/model testing.

Results: An loT-based early postpartum detection tool with a portable design
has been created. The test results are based on the Receiver Operating
Characteristic (ROC) classification in the area under the ROC curve, which
shows that the tool has an outstanding category with an accuracy level of 90%.

Conclusion: The loT-based postpartum emergency detection alarm is a vital
sign measuring tool that can interpret and recommend signs and connect to
health workers using internet features. The measurement and interpretation
results are sent to the cloud system to provide recommendations, data storage,
and notification alarms to health workers.

INTRODUCTION

Half of maternal deaths (51.8%) occur during the
postpartum period, more than during pregnancy and
childbirth, so this period needs attention. Generally, after
giving birth, the mother will be sent home and spend her
postpartum period outside the health service building, so
follow-up midwifery care is provided through home visits.
Home visits during the postpartum period are generally
carried out by health workers only around four times within
42 days after giving birth. Emergency conditions can occur
for up to a year, so continuous monitoring is required. The
results of the study showed that Postpartum death
occurred around 18.6% on days 1-6 postpartum, 21.4% on
days 7-42 postpartum, and 11.7% on days 43-365
postpartum.?2

https://doi.org/10.30595/medisains.v22i2.21169

Vital signs can be benchmarks for early detection of
emergencies that identify postpartum morbidity. Oxygen
saturation (Sp0O2) <93% is significantly associated with
postpartum sepsis.® High blood pressure or hypertension
can be a benchmark for postpartum preeclampsia.* This
clinical observation is based on pulse, temperature, blood
pressure, and level of consciousness in obstetrics, known
as the Early Warning System (EWS) in obstetrics, which
has a very high accuracy of 89% and specificity of 85%.
Obstetric EWS has very high accuracy in predicting
mortality (AUROC >0.80) in critically ill obstetric patients.®
Systolic and diastolic blood pressure and heart rate are the
most muscular physiological parameters for predicting
morbidity.5
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Innovation is needed to continuously monitor the health of
postpartum mothers, at least by using indicators to
measure vital signs. The Internet of Things (I0T) can fulfill
the need to continuously monitor postpartum mothers'
health without staying overnight at a health facility. 10T
refers to a network of interconnected physical devices that
can communicate with each other over the Internet. loT
devices can collect and transmit health data in postnatal
maternal health monitoring in real-time.”® Previous
research examined emergencies in the postpartum period
using vital signs, namely pulse rate and oxygen saturation.
However, this research was still limited to assessing the
risk of postpartum hemorrhage, did not assess other
emergency conditions such as preeclampsia, and was not
connected to the Internet to facilitate real-time data
transmission to health services.® Further action is needed
to research and develop these tools to fill the existing

gaps.

This research aims to create and test an loT-based
Postpartum alert detection tool. It is hoped that the tool can
answer the need for measuring instruments that can detect
emergency conditions during the postpartum period, such
as preeclampsia, and the addition of internet features so
that health workers can continue remotely monitoring
postpartum mothers who have been cared for at home. It
allows mothers to be more aware and involved in
monitoring their health so that early preventive measures
can be taken if any abnormal changes occur.

METHOD

This is a Research and Development (R&D) outlined in five
steps: literature study, product/model creation, design
validation, design revision, and small-scale product/model
testing.1°

Stage 1 Literature Study

At this stage, a literature review is carried out in an effort
to obtain information for collecting supporting data. The
potential and problems that exist in the community are
explored through interviews about maternal mortality rates
with policymakers at the Pemalang District Health Service
and field observations regarding vital examination tools
that currently exist.

Stage 2 Tool Development

Researchers assisted by Electrical Engineering made
model designs and carried out technical and technological
feasibility tests, accompanied by making a development
schedule for the devices to be built. Then, the stage of
analyzing possible problems in making the sensor is
continued, supported by data from measurements on a
digital sphygmomanometer to be used as
recommendations and displayed on the sensor.
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Stage 3 Expert Validation

This sensor design was validated by experts to determine
the validity of determining postnatal emergency status and
recommendations using a vital sign measuring instrument
consisting of systolic pressure, diastolic pressure, pulse
rate, and oxygen saturation. Testing is carried out by
experts with basic knowledge in electrical engineering,
information technology, obstetricians, and midwives.

Stage 4 Product Revision

After carrying out expert validation and obtaining
recommendations from the results of the application
design created, the researcher's next step is to carry out
revisions based on the expert's recommendations.

Stage 5 Small Scale Trial

The design used in this research is observational research
with a one-approach shot case study approach. This
design was used to assess the effectiveness of sensors in
measuring pulse rate, blood pressure, and oxygen
saturation to detect postpartum maternal emergencies in
one group. This study uses a vital sign measuring tool to
detect early postnatal emergencies.

The stages carried out in observational research with a
one-shot case study design provide treatment to the
observation group. Checking vital signs in postpartum
mothers, namely blood pressure, pulse, and oxygen
saturation, using a tool designed, namely loT-based
Postpartum Alert with manual measurement results using
Omron HEM-8712, which has calibrated PT. Indocal with
number S/N: 20200404465VG dated 13/12/2022-
13/12/2023 and oxygen saturation using the Jumper
brand. Then, the results of observations of design tools
and manual tools that have been calibrated will be
compared with the results of midwife/doctor examinations
listed on the medical record sheet. Data from observations
or treatments are compared, and accuracy calculations
are carried out, which are used to test the established
hypotheses.

The trial was carried out in the city of Pemalang in March-
April 2023. The population used in this study was mothers
>6 hours postpartum, with a sample size of 40
respondents. Inclusion criteria consisted of postpartum
mothers (>6 hours — 42 days), normal or cesarean
delivery, mothers with a history of high risk during
pregnancy and childbirth, and those wiling to be
respondents. The exclusion criterion was not being willing
to take part in this research. Samples were taken using a
purposive sampling technique. This research has received
of ethical approval from the Health Research Ethics
Committee of the Ministry of Health, number
0163/EA/KEPK/2023, Semarang Health Polytechnic.
Clinical Trial Registration System (UMIN-CTR) ID
UMINO00050274.
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RESULTS

Result in Literature Study

Conducting a study of data on the causes of maternal
death in Pemalang Regency over the last five years using
data on the health profile of Pemalang Regency in 2018,
there were 11 cases (64.70%) of deaths that occurred
during the postpartum period. In 2019, there were 10
cases of maternal death during the postpartum period
(76.92%). In 2020, there were 12 cases of maternal death
during the postpartum period (80%). Moreover, in 2021,
there were 16 cases of maternal death during the
postpartum period (50%). Measuring instruments for
detecting pulse rate, blood pressure, and oxygen
saturation are available on the market and used by health
workers and the general public, but in their form and do
not provide recommendations for results, mainly when
used as monitoring for early postpartum detection
emergency state.

Results of Application Development

Postpartum Alert uses a digital blood pressure monitor and
MAX30102 sensor to measure blood pressure, pulse rate,
and oxygen saturation. Several components, including
Arduino Nano, SIM 900A, and buzzer assist the
performance of this tool. This tool consists of 2 devices.
Device | measures vital signs and then sends the data to
device Il and the cloud system (Figure 1). The tool has an
LCD to display measurement results and emergency
status. The push button, which acts as an on and off
button, is installed on the monitor's side, making it easier
for users to read measurement results. The wireless
communication system uses Global System for Mobile
Communications (GSM) module communication to control
devices using a remote monitoring system to send sensor
data from device | to device Il (alarm) and connect the
device (device 1) to the Internet.

Furthermore, the measurement results will be stored in the
Cloud, which can be connected to a computer, laptop, or
cellphone database, making it easier for users to analyze
the health status of postpartum mothers. And as a
communication suggestion in the form of notification to
midwives or obstetricians in the form of alarm notifications
as early notification of the emergency status of postpartum
mothers. This tool is designed with a minimalist design,
portable, easy to use, and practical so that the primary
goal of making a postpartum monitoring tool at home can
be achieved. Initially, device 1 of the postpartum alert
measures systolic pressure, diastolic pressure, pulse rate,
and oxygen saturation. After measuring vital signs, the
device will provide an interpretation. Then, the
measurement results will be sent to the alarm (device Il) to
sound an alarm as a notification for health workers. At the
same time as sending notifications, tool one will also send
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data to the cloud system for data storage and finding
recommendations.

Result of Validity and Product Revision

Product revisions are based on expert recommendations,
namely wiring improvements, tool calibration using linear
regression, and better testing of tools on postpartum
mothers to detect preeclampsia. Expert recommendations
regarding the development of tools used in all types of
obstetric emergencies can be made after knowing the
effectiveness of existing tools for postpartum mothers.

Result of Trial

Based on Table 1, emergency status is based on age; in
the 20-35 year age range, the majority have emergency
status within normal limits at 47.5%, alert and danger
status at 30%. Based on parity, most multiparous mothers
have normal emergency status at 42.5%. Meanwhile,
primiparous mothers had the highest emergency alert and
danger status at 27.5%. Based on the postpartum period,
normal emergency status, alertness, and danger most
often occur in the period >6 hours days, respectively,
52.5% and 30.0%. Moreover, based on birth history, the
emergency status of normal, alert, and danger is highest
in mothers with normal delivery at 40.0% and 25.0%,
respectively.

Table 1. Characteristics of Respondent (n=40)

Characteristics Emergency Status

Normal Warning

Age

< 20 years 0 (0.0%) 1 (2.5%)

20-35 years 19 (47.5%) 21 (30.0%)

>35 years 4 (10.0%) 4 (10.0%)
Parity

Primipara 6 (15.0%) 11 (27.5%)

Multiparous 17 (42.5%) 6 (15.0%)

Postpartum period

>6 hours-2 days 21 (52.5%) 12 (30.0%)

3-7 days 2 (5.0%) 3 (7.5%)
8-28 days 0 (0%) 1 (2.5%)
29-42 days 0 (0%) 1 (2.5%)

Types of Childbirth
Normal Delivery
Cesarean Section

16 (40.0%)
7 (17.5%)

10 (25.0%)
7 (17.5%)

Table 2 shows that the accuracy of the four vital sign
components measured is the highest in measuring oxygen
saturation at 99.49%, and the lowest in measuring systolic
pressure at 91.92%. Of the 40 measured postpartum
mothers, 57.5% of the results were normal, while 42.5%
were alert and dangerous. Overall, the tool provides
accuracy results of 90%. Based on Table 3, calculating the
tool's effectiveness shows a precision value of 76%, a
recall/sensitivity value of 100%, a specificity value of 85%,
and an F1 Score value of 88%. Meanwhile, the accuracy
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value of the tool in providing interpretation is 90%. This
shows that the device is practical and performs well in
providing interpretation.

Table 2. Postpartum Alert Measurement Accuracy

Variable Accuracy
Systolic pressure 91.92%
Diastolic Pressure 92.21%
Pulse 92.26%
Oxygen Saturation 99.49%
Enforcement of Emergency Status
Normal 57.5%
Alert and Danger 42.5%
Accuracy level in interpreting emer-
gency status and recommendations
In accordance 90%
Not exactly 10%
Table 3. Postnatal Emergency Detection
Precision  Recall F1- Specificity Accuracy
score
0.76 1.00 0.88 0.85 0.90
DISCUSSION

Postnatal emergency detection is designed to measure
vital signs guided by obstetric EWS. The vital sign
parameters used in obstetric EWS assessment are pulse,
blood pressure (systolic and diastolic), oxygen saturation,
respiratory frequency, and level of consciousness. It is
hoped that this detection tool can later be used at home as
a monitoring tool during the postpartum period so that only
three indicators are used, namely, blood pressure (systolic
and diastolic), pulse rate, and oxygen saturation,
considering that this tool is easy and is starting to be
commonly used by mothers or families. The selection of
these three vital signs indicators was also based on their
application as indicators for assessing postpartum
emergencies in other types of EWS and were proven to
have good performance in predicting morbidity and
mortality. 113

In developing this tool, researchers were assisted by
experts with basic knowledge of electrical engineering,
information technology, obstetricians, and midwives.
Based on the advice of the expert team, the initial design
of the tool by a team of electrical and information systems
experts carried out several product revisions, namely
wiring improvements and tool calibration using linear
regression. Meanwhile, the expert team of obstetricians,
obstetricians, and midwives recommended that testing of
the device should be carried out on postpartum mothers to
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detect preeclampsia because most maternal deaths occur
after birth and the need for blood pressure monitoring
within seven days after birth, especially for mothers with a
history of hypertension in pregnancy.'* Then, expert
recommendations regarding the development of tools
used in all types of obstetric emergencies can be made
after knowing the effectiveness of existing tools for
postpartum mothers.

Self-monitoring of blood pressure for postpartum mothers
with a history of hypertension in pregnancy or preeclamp-
sia who received continued therapy during the postpartum
period resulted in better control of diastolic blood pressure
for up to 6 months, even after stopping treatment.'® est re-
sults of the device in postpartum women treated at RSUD
Of the four postpartum periods in Pemalang, period I,
namely 6 hours — 2 days, had the most emergency status
of alert and danger. In the period >7 days postpartum,
there were still postpartum mothers being treated at the
Pemalang District Hospital with emergency status of dan-
ger. This data shows that the mother's postpartum period
still requires monitoring because this period contributes
the most to maternal morbidity and mortality.'® It is recom-
mended that all women contact midwifery services within
three weeks postpartum, receive further care as needed,
and then end with comprehensive care within 12 weeks
postpartum.'” So, it is necessary to understand the im-
portance of self-monitoring of postpartum mothers so that
preventive or immediate action can be taken if necessary.

Based on test accuracy, systolic pressure has an accuracy
rate of 91.92%, diastolic pressure has an accuracy rate of
92.21%, pulse rate has an accuracy rate of 92.26%, and
oxygen saturation is 99.49%. Accuracy results of >90%
based on the AUC alarm can be declared to have a clas-
sification suitable for use.'® Even though the measurement
accuracy results for these variables have different ranges,
these four variables still contribute to monitoring postnatal
maternal health. However, in this case, the alarm still
needs to be improved through technological development
and further testing so that the four variables can function
properly because the existing variables have error values
that are not yet allowed by the Health Equipment and Fa-
cilities Safety Agency (BPAFK), namely <5%.

The determining factor for sensor performance in a digital
sphygmomanometer that produces <95% accuracy can be
influenced by several factors. In general, there should be
sufficient rest time before starting measurements. Differ-
ences in arm position can cause differences in 5 to 10
mmHg values. The influence of arm position on the meas-
ured blood pressure is due to hydrostatic pressure: raising
the arm (or wrist) 1 cm lower can cause blood pressure-
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Figure 1. Postpartum Alert. A: Device 1; B: Device 2 (Alarm Notification); C: Vital signs measuring; D: Interpretation
device. E: Login menu; F: List of patient; G: Emergency status and recommendations; H: Recommendation display on

the web page.

to be 0.7 mmHg lower or vice versa. The cuff should be
held at heart level, that is, at the right atrium level, which
is generally midway between the jugular vein and the xiph-
oid process. It can be equipped with a tilt sensor to help
keep the wrist in the same position for each measurement
or subsequent devices using an upper arm cuff. Blood
pressure is physiologically different at the wrist than at the
upper arm. Moving further from the ascending aorta to the
radial artery, systolic blood pressure increases, and dias-
tolic blood pressure decreases, increasing pulse pressure.
Blood pressure difference tests using oscillometry on the
wrist and upper arm provide measurements that often dif-
fer significantly by around 5 mmHg.*°

The choice of the MAX30102 sensor in the design tool is
correct because it has an accuracy of 99.59%. The sensor
measures oxygen saturation by shining light on the skin
and measuring changes in the light absorption of oxygen
(oxyhemoglobin).  Deoxygenated blood (reduced
hemoglobin) using two wavelengths of light, 660 nm (red)
and 940 nm (infrared). Conventional pulse oximeters use
transmission sensors in which the light emitter and
detector are placed on opposite surfaces of the tissue
layer. This sensor is suitable for use on fingers, toes, or
earlobes; when tested under low perfusion conditions, the
finger probe performed better than other probes.?

The results of evaluating the tool's performance in
interpreting measurement results show that the tool has
good performance in general. The accuracy of the alarm
in interpreting and providing recommendations is around
90%, precision 76%, recall/sensitivity 100%, specificity
85%, and F1 score value 88%. Overall, the tool
performance evaluation results show that the tool
performs well in classifying data and can be used as a
consideration for monitoring the health of postpartum
mothers who are generally at home. Having
recommendations can help postpartum mothers know
their emergency conditions and the right time to contact
health workers.

The advantage of this monitoring tool is its ability to send
measurement results in real-time to the cloud system,
allowing health workers to monitor the mother's health
condition and immediately respond if danger signs are
detected. It is essential to ensure the safety and health of
mothers after giving birth by taking preventive measures
through remote monitoring.?! Early treatment starting in
the postpartum period with a peripartum screening
approach can identify women at risk of developing
hypertension with intensive blood pressure monitoring and
immediate pharmacological therapy. They are carried out
to prevent cardiovascular disease.?? Postnatal blood
pressure monitoring programs carried out by the patients
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themselves are appropriate for closer supervision of all
patients, especially those who have risk factors or are in
conditions of limited health services.??

This research utilizes loT technology, using the internet
network and GSM as the central infrastructure. 10T has
shown its application potential in connecting various
medical devices, sensors, and health professionals to
provide quality medical services in remote locations.?* In
this research, a postpartum mother's vital sign monitoring
tool was designed to collect vital sign data through sensors
and then transmit the data. To the cloud system via the
internet network. The cloud system can then analyze and
process vital signs data in real time and provide
notifications or alarms if significant changes exist. In other
words, the use of internet networks and cloud systems in
this research allows for sending data automatically,
without human intervention, which is the basic concept of
loT.

Self-monitoring of blood pressure has benefits related to
convenience (no need to visit a health facility),
convenience (performed in an environment where they
feel comfortable, reduces the likelihood of white coat
hypertension), increased self-empowerment, reduced
anxiety, and a cost-effective approach to expanding health
services.?® Thus, it is hoped that this research can
significantly contribute to the world of health because it has
the innovation potential that is very relevant to the health
problems of postpartum mothers.

CONCLUSIONS AND RECOMMENDATION

The Postpartum Alert tool has been created, which is an
innovative tool for monitoring vital signs that is connected
to health workers using internet features, measurement
results can be sent in real-time to the cloud system to
provide recommendations that allow data storage, and an
alarm will sound to provide natification to health workers if
postpartum mothers monitor their vital signs independently
and send the measurement results so that if danger signs
are detected, preventive action can be taken. The results
of the accuracy of measuring certain variables still need to
be improved as input for developing better tools in the
future. The currently designed tool still needs to improve
in that there is varying accuracy for each vital sign
measurement component and does not meet the standard
for the type of medical device as recommended at least
95%.
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