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Abstract

Objective

To evaluate the implementation of a maternal early warning system (MEWS) for monitoring
patients during the first two hours after delivery in a tertiary level hospital.

Methods

Implementation of the criteria between 15 March and 15 September 2018 was evaluated in
1166 patients. The parameters collected were systolic and diastolic blood pressure, heart
rate, oxygen saturation, urine output, uterine involution, and bleeding. Out-of-range values
of any of these parameters triggered a warning, and an obstetrician was called to examine
the patient. The obstetrician then decided whether to call the anesthesiologist. We carried
out a sensitivity-specificity study of triggers and a multivariate analysis of the factors
involved in developing potentially fatal disorders (PFD), reintervention, critical care admis-
sion, and stay.

Results

The MEWS was triggered in 75 patients (6.43%). Leading trigger was altered systolic blood
pressure in 32 patients (42.7%), and 11 patients had a PFD. Twenty-eight triggers were
false-negatives. Sensitivity and specificity of the system was 0.28 (0.15, 0.45) and 0.94
(0.93, 0.96), respectively. The multivariate analysis showed a correlation between trigger
activation and PFD.

Conclusion

Our MEWS presented low sensitivity and high specificity, with a significant number of false-
negatives.
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Introduction

Reducing morbidity and mortality in the obstetric patient continues to be a quality-of-care cri-
terion for healthcare centers. The evolution of maternal and child mortality in recent years
indicates a marked improvement in this population group [1]. Although mortality rates are
very low for developed countries, the impact is high, in terms of both social repercussions and
years of life lost.

One of the approaches to reduce maternal morbidity and mortality involves the use of tools
to rapidly identify the patients that would benefit most from an aggressive intervention or a
higher level of care. In December 2007, a review of maternal mortality concluded that 40%-
50% of maternal deaths in the UK are preventable. However, early warning signs were seldom
recognized [2]. Since then, most UK hospitals have introduced maternal early warning systems
(MEWS) as an auditable quality of care criterion [3, 4].

Unfortunately, the implementation of these systems is not universal, and their use is
uncommon outside the Anglosphere. Furthermore, although MEWS have improved maternal
quality of care and the detection of adverse effects, they have had no impact on reducing
maternal mortality [5].

This study evaluates the usefulness and feasibility of implementing a modified MEWS in
our center, and evaluates its possible relationship with the detection and identification of
adverse effects.

Methods
Study design and setting

This study analyses the implementation of a MEWS in a tertiary level hospital (Hospital Fun-
dacion Jiménez Diaz, Madrid, Spain). The hospital caters to all medical and surgical specialties,
but does not have a specific building for gynecology and obstetrics.

We designed a single-arm prospective cohort study to be conducted over the first six
months after implementing the system (first day of implementation: 15th March 2018). The
study was approved by our hospital’s ethics committee before the start of patient recruitment
(Ethics Commitee: Comité de Etica del Hospital Fundacién Jiménez Diaz. Date of approval:
12th March 2018, Code: FJ]D-MEOWS-17-01). This study involved human participants who
gave consent in writting form. This study followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) reporting guideline for cohort studies [6].

Sample size calculation

To calculate the sample size [7], we considered that our model should have a minimum sensi-
tivity and specificity of 90%. We knew that the incidence of maternal morbidity in our setting
is 5% [8]; therefore, the required sample size for a precision of 0.1, a type I error of 0.05, and a
dropout rate of 10% was 692 patients. Since around 1000 deliveries were recorded between 1
September 2017 and 28 February 2018, we decided to include all patients who gave birth
between 15 March and 15 September 2018 and signed the informed consent form, and
excluded all those who refused to take part in the study.

Procedures

Our MEWS protocol is based on the criteria described by Mhyre et al. [9]. We registered sys-
tolic and diastolic blood pressure, heart rate, oxygen saturation, and urine output at 10, 30, 60,
90, and 120 minutes. By consensus between anesthesia and obstetrics departments, we
included uterine involution measurement (by manual exploration), and bleeding greater than
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500 ml in the protocol. We defined bleeding or lack of uterine involution as obstetric causes of
alarm activation. S1 File shows the data collection form.

Two months before the start of implementation, we offered clinicians from both depart-
ments, including midwives, training courses in the usefulness of the MEWS and how the sys-
tem would be implemented in our hospital. Overall attendance was approximately 70%. After
implementing the protocol, nurses and midwives monitored the patients using a vital signs
monitor (IntelliVue MP70, Koninklijke Philips N.V., Amsterdam, The Netherlands) for two
hours after giving birth or undergoing a cesarean delivery, either in the delivery room or in the
postanesthesia care unit (PACU). Monitoring of heart rate and blood oxygenation was contin-
uous, and noninvasive blood pressure was measured every five minutes. The remaining
parameters were recorded according to the measurement points established in the protocol.
We also collected data on previous parity, preeclampsia, and multiple births as possible risk
factors. Out-of range values in any parameter in the protocol triggered a warning for the mid-
wives to call an obstetrician, who had to assess the patient within 15 minutes. If the obstetrician
was unable to resolve the situation, an anesthesiologist was called. The alarm could be trig-
gered at any time, not only at the recording points on the data collection form. In addition, the
midwife could activate the alarm in the event of a clinical situation not included in the protocol
that could seriously threaten the mother’s life, such as apnea or decreased level of conscious-
ness. At the time of activation, the midwife recorded the patient’s vital parameters and minute
of alarm activation. Irrespective of the data collected, the anesthesiologists followed up all
patients who had given birth until discharge to identify any possible complications occuring
outside the delivery room.

Outcomes

Following WHO recommendations [10], our primary outcome was the sensitivity and speci-
ficity of our MEWS to derect a potential fatal disorder (PFD) during the patient’s hospital stay
[11]. The WHO defined a PFD as one of the following criteria: admittance to a critical care
unit (CCU), surgery within two hours of delivery, or length of stay of more than seven days.
As secondary outcomes, we measured the correlation between alert activation and each PFD
criteria separately.

Statistical analysis

We used R v4.0.2 (The R Foundation for Statistical Computing, Vienna, Austria) and RStudio
1.2.5033 (RStudio PBC, Boston, USA) to perform statistical analysis. We analyzed outcomes
depending on alarm activation. We described discrete and continuous variables as number
and percentage and median (interquartile range [IQR]), and analized their differences using
the Pearson test or the Wilcoxon rank-sum tests. We calculated the sensitivity, specificity, posi-
tive and negative predictive value (PPV and NPV) of triggers for PFD and for each criterion
separately, with a 95% confidence interval. We performed a multivariate logistic analysis to
study the correlation between outcomes and alarm activation, preeclampsia, parity, type of
delivery, and multiple births. We presented the results in forest plots showing the odds ratio
with a 95% confidence interval. We used Cox regression for multivariate analysis of length of
stay, plotting the results in a forest plot showing the hazard ratio with a 95% confidence inter-
val. To avoid errors due to multiple comparisons, we calculated the respective q-value for each
p-value to maintain a false discovery rate below 5% [12]. We considered comparisons in which
the p-value and g-value were below.05 as being statistically significant. We provide the original
study databases, the step-by-step statistical analysis, and the document in R-Markdown format
in $2-54 Files.
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15 March - 15 September 2018 Total Deliveries (n = 1169)

e

Patient accepted to participate (n = 1166) Patient declined to participate (n = 3)

N

Completed follow-up (n = 1166) Missing follow-up (n = 0)

4
Study sample (n = 1166)

Fig 1. Patients flowchart according to the STROBE statement.
https://doi.org/10.1371/journal.pone.0252446.9001

Results

During the study period, there were 1169 deliveries at our hospital. Only three patients
declined to participate in the study. Since there were no losses to follow-up, we included 1166
patients. Fig 1 shows the STROBE flow chart.

Median age was 34 (31-37) years, with no previous deliveries, and a rate of cesarean deliv-
ery and instrumental delivery of 23.2% and 15.1%, respectively. The protocol was triggered in
75 patients (6.43%). Patients who triggered the protocol had a higher rate of cesarean delivery
(37.3% vs 22.3%, p = 0.005), preeclampsia (17.3% vs 4.8%, p < 0.001), and multiple birth (6.7%
vs 1.5%). The PED rate was also higher (14.7% vs 2.6%, p < 0.001), as was the CCU admission
rate (12% vs 0.8%, p < 0.001) and length of stay [median: 2.9 (2.3-3.6) vs 2.5 (2.1-3.1) days,

p = 0.005]. Fifteen patients underwent surgery in the first 2 hours after delivery, fourteen of
them for uncontrolled vaginal bleeding that required obstetric curettage. One patient had to
undergo emergency hysterectomy. Table 1 shows the demographic data and outcomes accord-
ing to MEWS protocol activation.

The leading cause of alarm activation was altered systolic blood pressure [32 (42.7%)
patients], followed by obstetric causes [24 (32%) patients]. The median time to alarm activa-
tion, obstetric assessment, refferal to an anesthesiologist, and anesthetic assessment was 10, 11,
15, and 20 minutes, respectively (Table 2). The obstetrician called the anesthesiologist in all
cases. None of the calls were for life-threatening situations not included in the protocol.

Our MEWS had a sensitivity of 0.28 (0.15, 0.45), a specificity of 0.94 (0.93, 0.96), a positive
predictive value of 0.15 (0.08-0.25) and a negative predictive value of 0.97 (0.96, 0.98) for PFD
detection (Table 3). The protocol also showed a specificity of 0.94 and a negative predictive
value of 0.99 for each of the PFD criteria separately evaluated (emergency surgery within 2
hours, CCU admission, and length of stay longer than seven days).

With regard to multivariate regression analysis, only two factors were correlated with PFD:
preeclampsia [odds ratio = 7.81 (3.50, 16.7), p < 0.001] and MEWS alarm activation [odds
ratio = 3.97 (1.63, 8.95), p = 0.001] (Fig 2). The only factor correlated with emergency surgery
within two hours was MEWS alarm activation (odds ratio = 4.73 [1.04, 15.7], p = 0.02, Fig 3).
The main factor correlated with critical care admission was preeclampsia (odds ratio = 23.2
[7.75-75.3], p < 0.001), followed by MEWS alarm activation (odds ratio = 9.73 [2.98-31.5],

p < 0.001), and cesarean delivery (odds ratio = 4.40 [1.22-18], p = 0.03) (Fig 4). We found no
relationship between length of stay and MEWS alarm activation in the Cox regression (Fig 5).
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Table 1. Demographic data and outcome results according to MEWS protocol alarm activation.

Variable Overall (n = 1166) No Alarm (n = 1091) Activated Alarm (n = 75) p-value
Age, median (IQR) 34 (31-37) 34 (31-37) 36 (29.5-39) 0.23
Previous deliveries, n(%) 0.63

0 782 (67.1) 730 (66.9) 52 (69.3)

1 269 (23.1) 251 (23.0) 18 (24.0)

>2 115 (9.9) 110 (10.1) 5(6.7)

Diabetes, n (%) 99 (8.5) 90 (8.2) 9(12.0) 0.26
Preeclampsia, n (%) 65 (5.6) 52 (4.8) 13 (17.3) <0.001*
Type of delivery, n (%) 0.005*
Eutocic delivery 719 (61.7) 685 (62.8) 34 (45.3)

Instrumental delivery 176 (15.1) 163 (14.9) 13 (17.3)

Cesarean delivery 271(23.2) 243 (22.3) 28 (37.3)

Multiple deliveries, n (%) 21(1.8) 16 (1.5) 5(6.7) 0.009*
Potential Fatal Disorder, n (%) 39 (3.3) 28 (2.6) 11 (14.7) <0.001*
Emergency surgery within 2 hours, n (%) 15 (1.3) 12 (1.1) 3 (4.0) 0.07
Critical care admission, n (%) 18 (1.5) 9(0.8) 9 (12.0) <0.001*
Length of stay (h), median (IQR) 62 (52-75) 61 (52-75) 71 (54.5-86.5) 0.005*
Length of stay > 7 days, n (%) 13 (1.1) 11 (1.0) 2(2.7) 0.2

*: statistical significance.

https://doi.org/10.1371/journal.pone.0252446.t001

Table 2. Causes of MEWS activation, parameter ranges, and time to assessment.

Variable Activated Alarm (n = 75) Lower boundary Upper boundary
Alarm trigger, n (%)

Oxygen saturation 2(2.7) 95%

Systolic arterial pressure 32 (42.7) 90 mmHg 160 mmHg
Diastolic arterial pressure 3 (4.0) 40 mmHg 100 mmHg
Heart rate 14 (18.7) 50 bpm 120 bpm
Obstetrics (uterine involution and bleeding) 24 (32.0) 500 ml

Urine output 0(0) 0.5 mllkg/h

Time to activate the alarm (min), median (IQR) 10 (0-60)

Time to obstetrics assessment (min), median (IQR) 11 (2.5-60)

Time to call the anesthesiologist (min) 15 (4.5, 61.5)

Time to anesthetic assessment (min) 20 (7-65.5)

https:/doi.org/10.1371/journal.pone.0252446.t002

Table 3. Sensitivity, specificity, positive and negative predictive values (with 95% confidence interval) presented by the activation of our MEWS protocol alarm for

the detection of PFD and its respective criteria.

Activated Alarm Sensitivity Specificity Positive PV Negative PV

Potential fatal disorder 0.28 (0.15, 0.45) 0.94 (0.93, 0.96) 0.15 (0.08, 0.25) 0.97 (0.96, 0.98)
Emergency surgery within 2 hours 0.20 (0.04, 0.48) 0.94 (0.92, 0.95) 0.04 (0.01,0.11) 0.99 (0.98, 0.99)
Critical Care Admission 0.50 (0.26, 0.74) 0.94 (0.93, 0.96) 0.12 (0.06, 0.22) 0.99 (0.98, 1.00)
Length of stay > 7 days 0.15 (0.02, 0.45) 0.94 (0.92, 0.95) 0.03 (0.00, 0.09) 0.99 (0.98, 0.99)

PV = Predictive value.

https://doi.org/10.1371/journal.pone.0252446.t003
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Potential Fatal Disorder

Alarm activation

1 previous delivery (vs 0)

2 or more previous deliveries (vs 0)
Preeclampsia

Instrumental (vs eutocic)
C-section (vs eutocic)

Multiple delivery

No PFD (n = 1127)
64 (5.7)
262 (23.2)
113 (10.0)
51 (4.5)
174 (15.4)
252 (22.4)

18 (1.6)

PFD (n= 39)
11(28.2)
7 (17.9)
2(5.1)
14 (35.9)
2(5.1)
19 (48.7)

3(7.7)

OR (95% CI)
3.97 (1.63, 8.95)
0.79 (0.30, 1.86)
0.54 (0.08, 2.00)
7.81(3.50, 16.7)
0.37 (0.06, 1.36)
1.59 (0.72, 3.46)

2.15(0.37, 9.13)

P-value

0.001*

0.61

0.42

<0.001*

0.19

0.25

0.34

Fig 2. Forest plot of multivariate logistic analysis of the influence of MEWC activation, patient comorbidity and delivery on PFD. We present the results as an odds

ratio with a 95% confidence interval. Results less than 1, left of the y-axis, imply risk reduction. We accepted p < 0.05 as significant.

https://doi.org/10.1371/journal.pone.0252446.9002

Intervention

Alarm activation

1 previous delivery (vs 0)

2 or more previous deliveries (vs 0)
Preeclampsia

Instrumental (vs eutocic)
C-section (vs eutocic)

Multiple delivery

No Intervention (n = 1151)
72 (6.3)
264 (22.9)
114 (9.9)
64 (5.6)
174 (15.1)
271 (23.5)

21 (1.8)

Intervention (n = 15)

3(20)
5(33.3)
1(6.7)
1(6.7)

2(13.3)

-8

-8

010 10 100

OR (95% Cl)
4.73 (1.04, 15.7)
1.10 (0.33, 3.35)
0.51 (0.03, 2.87)
1.56 (0.08, 8.43)

0.56 (0.08, 2.20)

1 (0-Inf)

1 (0-Inf)

P-value

0.02*

Fig 3. Forest plot of multivariate logistic analysis of the influence of MEWS activation, patient comorbidity and delivery on emergency surgery within two hours.
We present the results as an odds ratio with a 95% confidence interval. Results less than 1, left of the y-axis, imply risk reduction. We accepted p < 0.05 as significant.

https://doi.org/10.1371/journal.pone.0252446.9003

Critical Care Admission

Alarm activation

1 previous delivery (vs 0)

2 or more previous deliveries (vs 0)
Preeclampsia

Instrumental (vs eutocic)
C-section (vs eutocic)

Multiple delivery

No CC Admission (n = 1148)
66 (5.7)
267 (23.3)
113 (9.8)
53 (4.6)
176 (15.3)
258 (22.5)

20 (1.7)

CC Admission (n = 18)

9 (50)
2(11.1)
2(11.1)

12 (66.7)

-

P

T
010 10 100

OR (95% Cl)
9.73 (2.98, 31.5)
0.94 (0.13, 4.32)
2.55 (0.30, 14.8)

23.2 (7.75, 75.3)

1 (0-Inf)

4.40 (1.22, 18.0)

0.31 (0.01, 3.72)

P-value

<0.001*

0.94

0.33

<0.001*

1

0.03

0.4

Fig 4. Forest plot of multivariate logistic analysis of the influence of MEWS activation, patient comorbidity and delivery on critical care unit admission. We
present the results as an odds ratio with a 95% confidence interval. Results less than 1, left of the y-axis, imply risk reduction. We accepted p < 0.05 as significant.

https://doi.org/10.1371/journal.pone.0252446.g004
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Alarm activation

1 previous delivery (vs 0)

2 or more previous deliveries (vs 0)
Preeclampsia

Instrumental (vs eutocic)

C-section (vs eutocic)

Length of stay (h) No or Vs (Median, IQR) / n Yes (Median, IQR) / n HR (95% CI) P-value
61 (52-75) / 1091 71 (54.5-86.5) / 75 e 1.16 (0.91, 1.46) 0.234
69 (55-70) / 782 55 (50-67) / 269 - 0.66 (0.57, 0.76) <0.001*
69 (55-70) / 782 54 (49-66.5) / 115 - 0.67 (0.55, 0.83) <0.001*
61 (52-75) / 1101 89 (69-115) - 2.53 (1.95, 3.28) <0.001*
57 (50-69) / 719 66.5 (53.8...77) / 176 - 1.42 (1.19, 1.69) <0.001*
57 (50-69) / 719 76 (71-98) / 271 ] 2.41 (2.08, 2.80) <0.001*
61 (52-75) / 1145 98 (76-102) / 21 - 1.86 (1.20, 2.87) 0.005*

Multiple delivery

Fig 5. Forest plot of Cox regression of the influence of MEWS activation, patient comorbidity and delivery on length of stay. We present the results as an hazard

ratio with a 95% confidence interval. Results less

https://doi.org/10.1371/journal.pone.0252446.9005

than 1, left of the y-axis, imply risk reduction. We accepted p < 0.05 as significant.

No significant p-values were rejected after calculating its q-value within the multiple com-
parability study (S3 File).

Discussion

One of the most interesting observations arising from our study is the sensitivity, specificity,
positive, and negative predictive value of MEWS alarm activation. The sensitivity is very low
(0.28), while specificity and negative predictive value are very high (0.94 and 0.99, respec-
tively). For practical purposes, these results mean that we can be confident that patients that
did not trigger the MEWS protocol are unlikely to present a PFD. The negative predictive
value is based on the current PFD rate in our hospital; if this were to increase, it could decrease
the negative predictive value of our protocol.

Unfortunately, our low sensitivity and positive predictive value was due to the failure of the
MEWS to detect many patients who developed PFD [28 (71.1%) of 39 cases]. Although we do
not know the cause of such low sensitivity levels, we suspect that it is probably related to the
monitoring period or the parameters included in the protocol.

In our study, patients were monitored for only 2 hours after delivery. However, monitoring
was longer in studies with better sensitivity results. Singh et al. [13] published the first valida-
tion of MEWS in a prospective observational study in 676 obstetric patients to detect morbid-
ity between the 20th week of gestation and six months postpartum. In total, 30% of the
patients presented MEWS parameter alterations. They reported a MEWS sensitivity of 0.98
and a specificity of 0.79. Such an extended period of obstetric monitoring is probably impossi-
ble in our center. Given our hospital’s structure, our patients are transferred from the delivery
room to a conventional ward where monitoring is not comparable to that of a PACU. Never-
theless, we suspect that extending the monitoring period from admission to 24 hours after
delivery would reduce the number of false negatives.

The addition of obstetric parameters could also have modified the sensitivity and specificity
of the protocol. According to Mhyre et al. [9], the simpler the warning criteria, the shorter the
time needed to identify, diagnose, and treat patients with a higher risk of developing obstetric
complications. Simple measures are more reliable, less vulnerable to human calculation errors,
and more reproducible. Mhyre et al. [9] strongly recommend creating multidisciplinary teams
that define warning criteria for each center and reviewing the evidence collected using these
criteria. In 2015, Edwards et al. [14] compared the predictive value of six different MEWS to
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identify severe sepsis in women with chorioamnionitis and reported a sensitivity of 0.4 to 1
and a specificity of 0.04 to 0.97. The authors concluded that simple MEWS tools tended to be
more sensitive, while more complex ones tended to be more specific. The addition of obstetric
parameters might have complicated the protocol and thus increased specificity at the expense
of lower sensitivity. It is important to bear in mind that 32% of triggers in our protocol were
due to obstetric causes. Since the midwives were responsible for monitoring patients during
the first two hours after delivery, we believe they might have been more selective in their notifi-
cations, and erred on notifying only for adverse obstetric situations. This could have led to an
increase in specificity and decrease in sensitivity.

A high number of false positives due to an over-complex MEWS protocol is a severe limita-
tion, a high number of false alarms can lead to professional fatigue [15]. Of course, no MEWS
protocol is ideal, and we fully agree with Friedman et al. [15], that since each hospital has a
unique structure, each should develop its own protocol and improve it after reviewing out-
comes. We are currently in that phase—the improvement phase. Our study results encourage
us to persevere in perfecting the protocol, either by increasing the monitoring time or by
changing the parameters to be monitored. However, further studies are necessary to validate
and generalize MEWS principles.

Finally, we would like to point out the importance of systolic blood pressure as the main
trigger for our MEWS. Alterations in systolic blood pressure triggered up to 43% of cases.
These activations may be related to preeclampsia. Preeclampsia was the only factor associated
with PFD and critical care admission other than alarm activation in our MEWS. Thus, systolic
pressure elevations in the immediate postpartum period should alert us to a possible worsen-
ing of the patient.

Conclusion

Our MEWS protocol presents low sensitivity and high specificity with a high negative predic-
tive value, and many false negatives. Our study shows an association between alarm activation
and PFD, reintervention rate, and critical care admission rate, with preeclampsia being the
main correlated factor in PFD and critical care admission.
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