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Abstract
Maternal morbidity and mortality are increasing in the United States of America (USA), and automated
early-warning surveillance systems have been suggested as a strategy to detect and reduce maternal
morbidity and mortality. We report the development and implementation of a Maternal Early Warning
System (MEWS) and automated alert notification platform into the electronic medical record (EMR) at the
level IV obstetric unit at Lucille Packard Children's Hospital Stanford (Palo Alto, California, USA). This has
been named E-MEWS. The development of the E-MEWS triggers and alert system occurred in three phases,
each phase incorporating changes following analysis of interim audits. Here, we demonstrate the logistics
involved in implementing MEWS into an EMR, including potential modifications required for operational
functionality. The impact on maternal morbidity and mortality was not measured in this study.
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Introduction
Maternal mortality has increased 2.4-fold in the United States of America (USA) in the past 30 years, and the
USA is ranked the highest amongst high-income countries in maternal mortality rates [1]. The majority of
maternal deaths are attributed to indirect medical etiologies (e.g., cardiovascular disease), reflecting an
increasingly complex patient population with a high burden of comorbidities [2]. Approximately 60% of
maternal deaths are preventable, signaling the importance of developing screening tools as a strategy to
identify patients at risk of clinical decompensation [3].

Maternal Early Warning Systems (MEWSs) were developed because standard adult warning tools are
suboptimal for obstetric patients as they do not consider physiologic changes of pregnancy [4]. MEWSs aim
to focus attention towards patients with vital sign abnormalities, directing clinicians towards patients most
likely to benefit from clinical interventions before an adverse outcome occurs [4]. As a strategy to prevent
maternal morbidity and mortality, the Society for Maternal-Fetal Medicine, for example, has called for the
creation and development of electronic surveillance systems integrated with electronic medical records
(EMRs) [5,6]. However, there is limited literature exploring the successful implementation of these
recommendations [5].

In this study, we describe the implementation and optimization of an automated electronic alert notification
platform integrated in the EMR using MEWS criteria (which we have named E-MEWS). The primary aim was
to determine the expected number of alerts based on vital sign data captured in the EMR using MEWS
triggers, while creating an operationally functional alert notification system during the intrapartum period.
Our process did not seek to measure the effect of our automated system on patient outcomes.

Materials And Methods
This study was a quality improvement initiative conducted at the Lucile Packard Children’s Hospital
Stanford (Palo Alto, California, USA), exempt from the Stanford University Institutional Review Board
approval. 

In 2019, the Clinical Informatics Team (CIT) at Lucile Packard Children’s Hospital Stanford built a platform
to enable integration of MEWS and an associated alert notification platform into the Epic EMR (Epic
Systems Corporation, Verona, Wisconsin, USA) for labor and delivery and maternity units. MEWS criteria,
created by the National Partnership for Maternal Safety [4], were chosen as the designated screening index
for our level IV obstetric unit with 4500-5000 deliveries/year (approximately 70% high-risk). 

The acceptable alert frequency was determined to be <10 alerts/day, based on departmental consensus for
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tolerance, representing an alert frequency of approximately one alert/patient for this delivery volume
(Figure 1). Our operational design was implemented around time periods during which nurses collect vitals
at our institution; within one hour after the start of care and at a minimum every four hours for the
following parameters: blood pressure (BP), heart rate (HR), respiratory rate (RR), oxygen saturation, and
temperature. For patients with an epidural, BP and HR are monitored every 15 minutes, and temperature is
monitored hourly after rupture of membranes. After delivery, vital signs are assessed at a minimum of every
15 minutes for two hours or until discharge from the immediate recovery period. BP, HR, and oxygen
saturation data are automatically (electronically) entered in a flowsheet in the Epic EMR from the Philips
Avalon (Koninklijke Philips N.V., Amsterdam, Netherlands) bedside fetal and maternal monitor. RR,
temperature, and urine output are manually recorded and entered in the Epic flowsheet by the nurse.
Abnormal vital signs (as per MEWS criteria) are displayed in red font, and normal vital signs are displayed in
black font in the Epic flowsheet.

FIGURE 1: Phases of development and audit results of the maternal
early warning system triggers and alert notification platform
HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; RR: respiratory rate; MD: Medical
doctor; EMR: electronic medical record

*Mhyre et al., 2014 [4]

During the development phases, background audits of the alert notification platform were performed by CIT
to determine the alert frequency and detect system issues (providers/nurses did not receive alerts during the
development phases). We aimed to design an alert system to incorporate bedside monitor vitals into an
automated EMR “pop-up” message that would initially alert the bedside nurse when logged into the EMR via
an Epic Best Practice Advisory (Epic Systems Corporation). Following message validation in the EMR by the
nurse, the alert notification provided four options: (i) Medical doctor (MD) aware, ongoing monitoring; (ii)
Will notify MD; (iii) Treatment provided, ongoing monitoring; (iv) Not providing direct care. The alert
system was trialed only in the intrapartum setting for laboring patients and did not include
antepartum/postpartum patients. 

The original MEWS parameters are listed in Figure 1 (phase 1); however, ‘Maternal agitation, confusion, or
unresponsiveness’ and ‘Patient with preeclampsia reporting a non-remitting headache or shortness of
breath’ were excluded due to difficult identification in an EMR. We do not have data to report how many
nurses were involved in receiving the alerts or how many patients triggered the alerts.

Results
The impact of E-MEWS and threshold/timeframe trigger adjustments on the alert notification frequency is
shown in Figure 1. Modifications and timeframe adjustments for phases 2 and 3 were implemented to reduce
too frequent alert notifications that the audit considered unnecessary or inconsequential (due to artifacts
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resulting in inaccurate results). Specifically, the criterion in isolation resulted in too frequent alerts, some of
which were due to artifacts, so ≥2 criteria were introduced in addition to a 30-minute timeframe for a
subsequent alert to occur.

Analysis of data from January 1, 2019, to December 31, 2020, found 2643 alert notifications with a mean
frequency of 7.2/day (range 5.6-8.5). Table 1 displays the results for each alert acknowledgement type. There
was high compliance by the nurses to acknowledge alerts, with <1% of alerts not acknowledged.

Alert acknowledgement type Frequency (Percentage)

MD aware, ongoing treatment 1368 (52%)

Will notify MD 751 (28%)

Treatment provided, ongoing monitoring 425 (16%)

Not providing direct care 86 (3%)

Alert not acknowledged 13 (<1%) 

Total acknowledgements 2643

TABLE 1: Electronic medical record alert acknowledgement options for nurses and frequency of
alert acknowledgement types (total number of alerts = 2643)
MD: Medical doctor

Discussion
Automated surveillance systems have shown promise in predicting maternal morbidity in the obstetric
setting, and integration of MEWS into the EMR as an automated alert notification has demonstrated a
reduction in paging frequency compared to paging for isolated vital sign abnormalities [7,8].

This study demonstrates the number of alerts realized, and several adjustments were necessary to ensure
successful implementation. Collaboration with CIT experts in the planning and design of the system allowed
for timely adjustments during scheduled audits, facilitating trigger and time delay modifications (Figure 1).

This alert system was designed as a fail-safe system when abnormal vitals are not detected by a healthcare
provider. Although we show that for 68% of alerts (Table 1), nurses responded with "MD aware, ongoing
treatment”, nursing and OB teams did not have to wait for an alert to initiate treatment.

In the operational design of E-MEWS, the system underwent three development phases. The first obstacle
was the high frequency of alert notifications (up to 30 alerts/day) during phase 1, the majority of which were
due to artifacts (patient movement or pushing, etc.). Our experience demonstrates that standard MEWS
criteria cannot be inserted into EMR surveillance without criteria and time delay modifications without alert
overload. Subsequent modification included a time delay of 15 minutes between detected abnormal vital
signs, but this still resulted in high alert frequency. The threshold trigger of ≥1 abnormal vital signs was
increased to ≥2 within the preceding 30 minutes, which also represents a previously described time-alert
threshold for notification in the obstetric ward [9]. In phase 2, although the alert frequency (up to nine
alerts/day) had significantly decreased, it was noted that 30% of alerts resulted from inconsistent urine
output measurements, leading to system interpretation of an abnormal parameter, so urine output was
removed from E-MEWS.

We acknowledge several limitations in our study design. Since our operational design was intended to
measure the functionality of an automated system, outcomes associated with triggering events or impact on
clinician management were not measured. We did not intend to measure triggering events in the antenatal
or postpartum units by design; however, we acknowledge that a significant amount of morbidity occurs
during this period and should be included in future studies. Furthermore, we did not analyze the alert
frequency for each criterion, and acknowledging this information would help in future reiterations and
phase development. We are cautious to automatically confer nursing compliance with a lack of alarm
fatigue, as we are aware that simple acknowledgement of vital sign parameters (or other message alerts)
does not always equate to reading alerts. We did not collect patient-level data, including comorbidities and
conditions that led to the automated triggers. Future studies are required to evaluate whether this novel
automated MEWS notification system improves patient outcomes and clinical management.

Our experience presented several challenges. The degree of high alert frequency and potential for ‘alert
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fatigue’ as previously described with MEWS and other surveillance alert systems, represents a potential
weakness of surveillance tools [10]. Although E-MEWS led to a mean of 7.2 alerts/day, it is unclear whether
modifying the system to reduce alerts will reduce the sensitivity to detect critical illness. Other vital sign
screening indices have shown an overall lack of predictive value when identifying maternal critical illness
[11]. Owing to this limitation, temperature (<36⁰ or ≥38⁰ Celsius) was added to E-MEWS as a recommended
expert screening criterion [12].

Communication breakdown is a leading factor in maternal morbidity and mortality and sentinel event
reports [13]. Of the alert notification acknowledgments, 28% were "Will notify MD". Without having the alert
system, it is uncertain if a nurse would have in fact notified the Obstetric team (we did not collect data
regarding conditions triggering each category). Only verified alerts contributed as potential triggers,
introducing the possibility of delays or response errors [14]. Future reviews should determine the frequency
of verification delays/errors, and the frequency of "will notify MD" that resulted in MD notification. Using
vital signs as a preventative strategy will not change outcomes unless screening criteria are paired with
interventions.

Conclusions
This study demonstrates the logistics involved in the implementation of an alert notification platform
associated with MEWS in an EMR, and potential modifications to optimize operational functionality.
Integration of screening indices with automated EMR platforms represents an important step forward in the
strategy to address maternal morbidity and mortality. The optimal MEWS would have high sensitivity to
avoid missing cases, and high specificity to reduce alarm fatigue and, consequently, providers potentially
ignoring alerts.

E-MEWS represents a valuable tool to refine MEWS. We hope future studies will examine the impact on
patient outcomes and preventability of obstetric morbidity and mortality with electronic-based MEWS and
alert notification platforms in antepartum, laboring, and postpartum patients, and also in different-sized
hospitals and locations with varying resources and patient populations.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Gillian Abir, Cesar R. Padilla, Edward T. Riley, Brendan Carvalho, Ann M. Oakeson

Acquisition, analysis, or interpretation of data:  Gillian Abir, Cesar R. Padilla, Edward T. Riley, Brendan
Carvalho, Ann M. Oakeson

Drafting of the manuscript:  Gillian Abir, Cesar R. Padilla, Edward T. Riley, Brendan Carvalho, Ann M.
Oakeson

Critical review of the manuscript for important intellectual content:  Gillian Abir, Cesar R. Padilla,
Edward T. Riley, Brendan Carvalho, Ann M. Oakeson

Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: Brendan Carvalho declare(s) personal
fees from Gauss Surgical. Cesar Padilla declare(s) non-financial support from Cleveland Clinic. Author of a
'Method of Treating Obstetric Conditions using the Maternal Critical Care Model' via Cleveland Clinic Grant
Back License of the method. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. The Commonwealth Fund: Maternal mortality and maternity care in the United States compared to 10 other

developed countries. (2020). Accessed: January 3, 2025:
https://www.commonwealthfund.org/publications/issue-briefs/2020/nov/maternal-mortality-maternity-
care-us-compared-10-....

2. Creanga AA: Maternal mortality in the United States: a review of contemporary data and their limitations .
Clin Obstet Gynecol. 2018, 61:296-306. 10.1097/GRF.0000000000000362

3. Dyer O: Most pregnancy related deaths in US are preventable, says CDC . BMJ. 2019, 365:l2169.
10.1136/bmj.l2169

 

2025 Padilla et al. Cureus 17(5): e84740. DOI 10.7759/cureus.84740 4 of 5

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.commonwealthfund.org/publications/issue-briefs/2020/nov/maternal-mortality-maternity-care-us-compared-10-countries
https://www.commonwealthfund.org/publications/issue-briefs/2020/nov/maternal-mortality-maternity-care-us-compared-10-countries
https://dx.doi.org/10.1097/GRF.0000000000000362
https://dx.doi.org/10.1097/GRF.0000000000000362
https://dx.doi.org/10.1136/bmj.l2169
https://dx.doi.org/10.1136/bmj.l2169


4. Mhyre JM, D'Oria R, Hameed AB, et al.: The maternal early warning criteria: a proposal from the national
partnership for maternal safety. Obstet Gynecol. 2014, 124:782-6. 10.1097/AOG.0000000000000480

5. Friedman AM, Campbell ML, Kline CR, Wiesner S, D'Alton ME, Shields LE: Implementing obstetric early
warning systems. AJP Rep. 2018, 8:e79-84. 10.1055/s-0038-1641569

6. Shields LE, Wiesner S, Klein C, Pelletreau B, Hedriana HL: Use of maternal early warning trigger tool
reduces maternal morbidity. Am J Obstet Gynecol. 2016, 214:527.e1-6. 10.1016/j.ajog.2016.01.154

7. Clapp MA, McCoy TH Jr, James KE, Kaimal AJ, Roy H Perlis: Derivation and external validation of risk
stratification models for severe maternal morbidity using prenatal encounter diagnosis codes. J Perinatol.
2021, 41:2590-6. 10.1038/s41372-021-01072-z

8. Klumpner TT, Kountanis JA, Langen ES, Smith RD, Tremper KK: Use of a novel electronic maternal
surveillance system to generate automated alerts on the labor and delivery unit. BMC Anesthesiol. 2018,
18:78. 10.1186/s12871-018-0540-6

9. Hedriana HL, Wiesner S, Downs BG, Pelletreau B, Shields LE: Baseline assessment of a hospital-specific
early warning trigger system for reducing maternal morbidity. Int J Gynaecol Obstet. 2016, 132:337-41.
10.1016/j.ijgo.2015.07.036

10. Dudley M, Wright A, Simons R, McGlennan A: MEOWS - time to review the trigger threshold? . Archives of
Disease in Childhood - Fetal and Neonatal Edition. 2010, 95:Fa40. 10.1136/adc.2010.189753.24

11. Mackintosh N, Watson K, Rance S, Sandall J: Value of a modified early obstetric warning system (MEOWS)
in managing maternal complications in the peripartum period: an ethnographic study. BMJ Qual Saf. 2014,
23:26-34. 10.1136/bmjqs-2012-001781

12. Plante LA, Pacheco LD, Louis JM: SMFM consult series #47: sepsis during pregnancy and the puerperium .
Am J Obstet Gynecol. 2019, 220:B2-10. 10.1016/j.ajog.2019.01.216

13. Kovacheva VP, Brovman EY, Greenberg P, Song E, Palanisamy A, Urman RD: A contemporary analysis of
medicolegal issues in obstetric anesthesia between 2005 and 2015. Anesth Analg. 2019, 128:1199-207.
10.1213/ANE.0000000000003395

14. Jackson N, Woods J, Watkinson P, Brent A, Peto TE, Walker AS, Eyre DW: The quality of vital signs
measurements and value preferences in electronic medical records varies by hospital, specialty, and patient
demographics. Sci Rep. 2023, 13:3858. 10.1038/s41598-023-30691-z

 

2025 Padilla et al. Cureus 17(5): e84740. DOI 10.7759/cureus.84740 5 of 5

https://dx.doi.org/10.1097/AOG.0000000000000480
https://dx.doi.org/10.1097/AOG.0000000000000480
https://dx.doi.org/10.1055/s-0038-1641569
https://dx.doi.org/10.1055/s-0038-1641569
https://dx.doi.org/10.1016/j.ajog.2016.01.154
https://dx.doi.org/10.1016/j.ajog.2016.01.154
https://dx.doi.org/10.1038/s41372-021-01072-z
https://dx.doi.org/10.1038/s41372-021-01072-z
https://dx.doi.org/10.1186/s12871-018-0540-6
https://dx.doi.org/10.1186/s12871-018-0540-6
https://dx.doi.org/10.1016/j.ijgo.2015.07.036
https://dx.doi.org/10.1016/j.ijgo.2015.07.036
https://dx.doi.org/10.1136/adc.2010.189753.24
https://dx.doi.org/10.1136/adc.2010.189753.24
https://dx.doi.org/10.1136/bmjqs-2012-001781
https://dx.doi.org/10.1136/bmjqs-2012-001781
https://dx.doi.org/10.1016/j.ajog.2019.01.216
https://dx.doi.org/10.1016/j.ajog.2019.01.216
https://dx.doi.org/10.1213/ANE.0000000000003395
https://dx.doi.org/10.1213/ANE.0000000000003395
https://dx.doi.org/10.1038/s41598-023-30691-z
https://dx.doi.org/10.1038/s41598-023-30691-z

	Development and Implementation of an Automated Electronic Maternal Early Warning System (E-MEWS) in a Level IV Obstetric Unit
	Abstract
	Introduction
	Materials And Methods
	FIGURE 1: Phases of development and audit results of the maternal early warning system triggers and alert notification platform

	Results
	TABLE 1: Electronic medical record alert acknowledgement options for nurses and frequency of alert acknowledgement types (total number of alerts = 2643)

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


