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Abstract

Background: Maternal mortality is still a major challenge for health systems, while severe maternal complications are
the primary causes of maternal death. Our study aimed to determine whether severe maternal morbidity is effectively
predicted by a newly proposed Modified Obstetric Early Warning Score (MOEWS) in the setting of an obstetric inten-
sive care unit (ICU).

Methods: A retrospective study of pregnant women admitted in the ICU from August 2019 to August 2020 was con-
ducted. MOEWS was calculated 24 h before and 24 h after admission in the ICU, and the highest score was taken as
the final value. For women directly admitted from the emergency department, the worst value before admission was
collected. The aggregate performance of MOEWS in predicting critical illness in pregnant women was evaluated and
finally compared with that of the Acute Physiology and Chronic Health Evaluation Il (APACHE I1) score.

Results: A total of 352 pregnant women were enrolled; 290 women (82.4%) with severe maternal morbidity were
identified and two of them died (0.6%). The MOEWSs of women with serious obstetric complications were sig-
nificantly higher than those of women without serious obstetric complications [8(6, 10) vs. 4(2, 4.25),z=-10.347,
P<0.001]. MOEWSs of 24 h after ICU admission had higher sensitivity, specificity and AUROC than MOEWSs of 24 h
before ICU admission. When combining the two MOEWSs, sensitivity of MOEWS was 99.3% (95% Cl: 98—100), specific-
ity 75.8% (95% Cl: 63-86), positive predictive value (PPV) 95.1% (95% Cl: 92-97) and negative predictive value (NPV)
95.9% (95% Cl: 86—100). The areas under the receiver operator characteristic (ROC) curves of MOEWS were 0.92 (95%
Cl: 0.88-0.96) and 0.70 (95% Cl: 0.63-0.76) of the APACHE Il score.

Conclusion: The newly proposed MOEWS has an excellent ability to identify critically ill women early and is more
effective than APACHE I1. It will be a valuable tool for discriminating severe maternal morbidity and ultimately improve
maternal health.

Keywords: Modified obstetric early warning score (MOEWS), APACHE Il score, Maternal morbidity, Maternal mortality,
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women, especially in low income countries [2]. Seri-
ous obstetric complications are recognized as primary
contributors to maternal death [3, 4]. The World Health
Organization (WHO) recommends that maternal safety
surveillance should focus not only on maternal mortal-
ity but also on severe maternal morbidity. Valid identi-
fication of women with high-risk pregnancies will help
to improve maternal health [5].

It is known that obstetric haemorrhage, maternal
sepsis, hypertensive disorders of pregnancy, abortion,
cardiovascular diseases, amniotic fluid embolism and
pulmonary embolism are the most common causes of
maternal death [1, 6]. Maternal morbidity and mor-
tality are often preventable. Timely identification of
obstetric complications with appropriate management
can reduce the burden of maternal mortality. Women
with potentially life-threatening complications are not
easily identified, however [7, 8]. APACHE II score is a
widely used prognostic scoring system in nonpregnant
populations [9, 10]. Since pregnancy is accompanied by
a series of physiological changes, the APACHE II score
may not entirely be applicable to women in obstetric
ICU settings.

At present, multiple modified obstetric early warn-
ing scores (EWS) are widely used for early identification
of critically ill women with obstetric complications. The
Modified Early Obstetric Warning Score (MEOWS) [5,
11, 12], Maternal Early Recognition Criteria (MERC)
[13, 14], Modified Early Warning System (MEWS) [2,
15], Maternal Early Warning Trigger (MEWT) [16, 17],
Maternal Early Obstetric Warning System (MEOWS
chart) [18, 19], Irish Maternity Early Warning System
(IMEWS) [20, 21] and ICNARC Obstetric Early Warn-
ing Score (OEWS) [7, 22] are the most common. In 2020,
ICNARC OEWS was first compared with the APACHE II
score in India [22]. In the same year, a new MEOWS was
designed in Rwanda, but sensitivity and PPV were low
[23]. Main advantage of all scoring systems is that they
are based on the physiological changes during pregnancy
and do not require any laboratory tests. Most predic-
tive models have been verified to recognize parturients
at high risk of developing severe maternal morbidity.
Nevertheless, there have been no universal standards for
obstetric EWS until now, and the parameter settings of
each scoring system vary, as do sensitivity and specific-
ity. Therefore, it makes sense to propose a new modified
obstetric early warning score.

Primary objective of this study was to validate this new
MOEWS for the prediction of deteriorating maternal
conditions. The capacity of discernment was assessed by
area under receiver operator characteristic (ROC) curves,
sensitivity, specificity and predictive value. Furthermore,
we compared the predictive ability of this new MOEWS
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with that of the APACHE II score for severe obstetric
complications.

Methods

Aim

To determine the feasibility of implementing the
MOEWS tool in the setting of an obstetric ICU in the
department of Obstetrics and Gynecology, West China
Women’s and Children’s Hospital of Sichuan Univer-
sity. This is one of the first national key clinical specialty
constructions and is the treatment and referral center of
pregnant women with severe obstetric complications in
western China, where about 19,000 births occur annually.

Study design and study population

This is a retrospective study of a total of 19,438 births
occurring in our hospital from August 2019 to August
2020. There were 378 women with obstetric complica-
tions admitted to the obstetric ICU. They were either
pregnant or women within 42 days after childbirth and
352 women with an ICU stay of at least 24 h.

Data collection

Since many women were in a critical condition before
ICU admission, we assessed MOEWS 24 h before and
24 h after admission to ICU and the highest score was
taken as the final value. For women directly admitted
from the emergency department, the worst value before
admission was collected. In addition, APACHE II score
was calculated within 24 h of ICU admission. For calcula-
tion of the score, the most abnormal reading of each clin-
ical and laboratory parameter was taken. The predicted
maternal mortality of APACHE II was also calculated by
medical software. Finally, MOEWS scores and APACHE
II scores were compared to distinct the prediction ability
of MOEWS and APACHE IIL

Subject evaluation
Parameters and their numerical values used for the cal-
culation of MOEWS are shown in Table 1. Measure-
ments of temperature, respiratory rate, peripheral oxygen
saturation, method of oxygen therapy (nasal catheters,
mask, non-invasive or invasive ventilator), heart rate,
blood pressure and consciousness level (alert, responsive
to sound or pain and unresponsive) were documented.
Regarding the APACHE II score, all laboratory param-
eters were obtained through venous blood sampling. The
partial pressure of oxygen (PaO2) in arterial blood (in
mmHg) was recorded from the arterial blood gas (ABG)
analysis.

The modified World Health Organization (mWHO)
classification of maternal cardiovascular risk was used
to assess the maternal risk of cardiac complications [24].
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Table 1 Cut-off limits of individual parameters of MOEWS score

Score 3 2 1 0 1 2 3
Temperature (°C) <35 <36 36-374 37.5-38 38.1-38.9 >39
Respiratory rate (beats/min) <10 10-11 12-20 21-29 >30
SPO2 (%) <90 91-93 94-95 >96

Oxygen therapy Mask or above Nasal catheter Room air

Heart rate (beats/min) <50 50-59 60-99 100-109 110-129 >130
Systolic blood pressure (mmHg) <90 90-99 100-139 140-149 150-159 >160
Diastolic blood pressure (mmHg) <45 46-89 90-99 100-109 >110
Consciousness level Alert Not alert

For women with severe postpartum haemorrhage or high-risk cardiovascular disease (MWHO lll or IV) (Supplementary Table 1), 3 points were added to the total score

In this study, women with cardiovascular diseases whose
mWHO risk classification was III or IV were identified as
high-risk. For pregnant women with heart disease, bed-
side echocardiography was used to assess cardiac struc-
ture and function in emergencies.

Vital signs indicating cardiac disease and postpartum
haemorrhage, however, were not significantly abnormal
in the early stages because of physiological changes in
pregnancy. For women with postpartum haemorrhage,
much more blood loss has to occur as compared to non-
pregnant women before significant deterioration of vital
signs. Consequently, three points were added to MOEWS
in women confirmed to have high-risk cardiovascular
disease or severe postpartum haemorrhage.

Study endpoint was severe maternal morbidity (defi-
nitions shown in Table 2). Clinical characteristics were

Table 2 Diagnostic criteria of severe maternal morbidity

collected, including age and gestational age. Second-
ary outcomes were length of ICU stay, requirement for
ventilation, vasopressors, intravenous antihypertensive
drugs, transfusion, hysterectomy, arterial embolization,
haemodialysis and extracorporeal membrane oxygena-
tion (ECMO).

Recommended clinical reaction: The critical care sys-
tem changes colour based on the score of each param-
eter to alert the ICU team to initiate clinical responses,
with scores of 3 turning red and 2 turning yellow. When
the total MOEWS <2, the current plan is maintained;
when MOEWS =3-4, the observations are repeated;
when MOEWS>5 or a single parameter score is 3,
the woman is admitted to the ICU. *The definition of
severe postpartum haemorrhage was shown in Table 2
and the details of mWHO classification of maternal

Severe maternal morbidity Diagnostic criteria

Pre-eclampsia [19]

SBP > 160 mmHg, or DBP > 110 mmHg plus proteinuria > 0.3 g. day-1 (+ 2 dipstick) or hypertension

(> 140/90 mmHg) and proteinuria with at least one of the following: headache; visual disturbance;
epigastric pain; clonus; platelet count <100 0.109 -1); AST > 50 iu.l-1; Crvf> 100 umol.l -1; or CrCl < 80.8
ml.min-1. Severe hypertension requiring treatment with intravenous antihypertensive agents.

Eclampsia [25]
Severe postpartum haemorrhage [14, 26]

Suspected sepsis [19]
Shock [18]

Pulmonary oedema [19]
Thromboembolism [12]

Diabetic ketoacidosis [19]
Intracranial tumour [19]
Status epilepticus [19]

Severe preeclampsia characterized by sudden onset of generalized tonic-clonic seizures

Documented estimated blood loss > 2000 ml, need for blood transfusion of at least 3 U, or hysterectomy,
with or without radiological embolization of uterine arteries

Clinically suspected focus of infection & positive laboratory culture, treated with antibiotics (excluding
commensals and antibiotic prophylaxis)

Persistent severe hypotension defined as systolic blood pressure <90 mmHg for 60 min or decreased by
40 mmHg with increased pulse rate

Breathlessness, crepitations requiring diuretics

CTPA confirmed pulmonary embolism, venous thrombosis in the pelvic region, deep venous thrombosis
in the extremities or sinus thrombosis

Hyperglycaemia, metabolic acidosis, ketones in urine
CT/ MRI confirmed
History of epilepsy, prolonged multiple seizures

Other serious medical conditions [19, 27-29]  Acute pancreatitis, liver failure, acute fatty liver of pregnancy, acute appendicitis or other critical illness

SBP Systolic blood pressure, DBP Diastolic blood pressure, AST Aspartate aminotransferase, Cr Creatinine, CrCL Creatinine clearance, CTPA Computed tomography
pulmonary angiogram, MRl Magnetic resonance imaging
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cardiovascular risk was shown in a Supplementary
Table 1.

Statistical analysis

Results were tabulated and subjected to statistical analy-
sis using Statistical Package for Social Sciences (SPSS)
version 25.0. ROC curves were used to determine the
area under the curve of various scores for predicting
severe morbidity. Sensitivity, specificity, positive predic-
tive values (PPVs) and negative predictive values (NPVs)
were calculated. For all statistical tests, we regarded a
value of p<0.05 as statistically significant.

Results

A total of 378 pregnant women were admitted to ICU, 26
with an ICU stay of less than 24 h were excluded, leaving
352 women in the study. A total of 290 women (82.4%)
experienced serious complications and two of them died
(0.6%). One of these two died from pulmonary embolism
and the other from severe pulmonary hypertension. The
most frequent causes of ICU admission were hyperten-
sive disorders of pregnancy (108/352; 30.7%), followed by
cardiovascular disease (94/352; 26.7%), obstetric haem-
orrhage (61/352; 17.3%) and suspected sepsis (22/352;
6.3%) (Table 3).

Good risk stratification ability was demonstrated by
MOEWS. Shock occurred in nine pregnant women, heart
failure in 33 and sepsis in nine. Meanwhile, 85 women
were treated with intravenous antihypertensive drugs,
two of whom developed eclampsia and one experienced
a hypertensive crisis. Forty women suffered from severe
postpartum haemorrhage, 22 of whom underwent hys-
terectomy or arterial embolization. Seven of those with
serious heart arrhythmia got a temporary pacemaker or
external direct cardioversion. Noninvasive or invasive
artificial ventilation and bloodtransfusion were mostly
used in women with high MOEWSs, as were those with
haemodialysis and ECMO, especially in the MOEWS>7
group (Figs. 1 and 2).

MOEWS was correlated with the length of ICU stay
and gestational age. Median MOEWS was 7 (5, 9.75)
and 4 (2, 6) with APACHE IIL In the high-risk group
(score >5), median APACHE Il score [4 (2, 6)] and length
of ICU stay [4(2, 4)] were higher than those in the low-
risk (score 0—2) and moderate-risk (score of 3—4) groups,
while gestational age [34+£2.5 (31+1, 36+4)] was
shorter (p<0.001). No statistically significant differences,
however, were found between the low- and moderate-
risk groups. Median age was not statistically significantly
different among all groups (p =0.628) (Table 4).

Median score of MOEWS within 24 h before and 24 h
after ICU admission was 5 (3, 8) and 7 (5, 9), with 5.5 (3,
8) and 7 (5, 9) in critically ill women, while this was 2 (0,
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Table 3 Distribution of maternal morbidity

Indications for admission to ICU Frequency Percentage (%)

(n=352)

Hypertensive disorders of pregnancy 108 30.7
Cardiovascular disease 94 26.7
Obstetric haemorrhage 61 17.3
Suspected sepsis 22 6.3
Acute pulmonary edema 14 4.0
Pulmonary embolus 6 1.7
Liver disease (liver failure, severe 6 1.7
hepatitis, acute fatty liver of pregnancy,
hepatitis B cirrhosis)
Systemic lupus erythematosus (SLE) 6 1.7
Acute pancreatitis 2 0.6
Acute appendicitis 2 0.6
Anaphylaxis 3 0.9
Gastrointestinal haemorrhage 2 0.6
Malignancy 5 14
Diabetic ketoacidosis 1 03
Hyperthyroidism crisis 2 0.6
Other medical disorders 26 74

Neurological diseases 5 14

Respiratory diseases 3 0.9

Blood disease 4 1.1

Deep vein thrombosis (DVT) 2 0.6

Renal transplantation 1 03

1

Others? 1 3.1

? Include the chronic renal failure, cavernous transformation of the portal vein,
unidentified hypoxia during operation and intraoperative arrhythmia

3.25) and 3 (2, 4) (p<0.001) in those without critical ill-
ness. Combining the two MOEWSs, median score was 7
(5, 9.75), with 8 (6, 10) in the critically ill group and 4 (3,
4.25) in those without critical illness (p <0.001). Median
score of APACHE II was 4 (2, 6), while it was 4 (2, 6) in
those with critical illness and 2 (2, 4) in those without
critical illness (p <0.001) (Table 5).

AUROC of the MOEWSs of 24 h before admission
to ICU was 0.82 (95% CIL: 0.77-0.87) and 0.91 (95% CI:
0.87-0.95) 24 h thereafter (Fig. 3). When the cut-off
was >4, all MOEWSs test-indicators are given in Table 6.
Meanwhile, AUROC of APACHE II was 0.70 (95% CI:
0.63-0.76) (Fig. 3). When the cut-off was > 10, all Apache
II test-indicators can be found in Table 6. The predicted
maternal mortality of APACHE II was 8.4(95% CI: 8.77—
25.89) (Table 6), higher than the observed maternal mor-
tality (0.6%).

Discussion

The identification of potentially critically ill women is
an effective way to prevent the continuous deteriora-
tion of their condition and subsequently reduce maternal
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mortality. The implementation of the obstetric EWS has
been found to be effective in predicting severe morbidity
[12]. This is the first time to evaluate MOEWS both 24 h
before and 24 h after admission to the ICU. Women with
serious complications could be screened early to a great
extent and an association between MOEWS and severe
maternal morbidity could be demonstrated.

It was demonstrated in this study that the most com-
mon indication for admission to the obstetric ICU was
preeclampsia. Cardiovascular diseases, obstetric haemor-
rhage and suspected sepsis followed in sequence. Shock,
heart failure, severe postpartum haemorrhage, sepsis,
hypertensive crisis and eclampsia were highly related
to maternal mortality. Most critically ill women were
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Table 4 Correlation of MOEWS and clinical characteristics
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MOEWS score Total Critically APACHE Il score Length of ICU stay Age Gestational age

ill (days) (years) (weeks)
0-2 16 2 2(05,3) 2(1,2) 31.5(29.3,36.0) 38+£1.5(36+£0,38+4)
3-4 47 14 3(2,5) 2(1,2) 31.0(27.0,34.0) 36+£2.0(333+1,38+5)
>5 289 274 42, 6)* 4(2,4)* 32.0(28.0, 35.0) 34£253B1£1,36+4)
Hvalue 18.068 18.797 0.931 18.504+1.667
P value <0.001 <0.001 0.628 <0.001

All outcomes are shown with IQR (P25, P75); * indicates statistical significance, P<0.001

Table 5 Comparison of MOEWS and APCHE-II score between
critically ill and not critically ill women

Score Median  Notcritically Criticallyill Zvalue Pvalue
ill(95%Cl)  (95% Cl)

MOEWST  5(3,8) 2(0,3.25) 55(38)* -7.951 <0.001
(1.67-2.75) (5.57-6.43)

MOEWS2  7(5,9) 3(24) 7(59)* -10.177  <0.001
(291-3.7) (7.23-7.96)

MOEWS 7(5,9.75) 4(34.25) 8(6,10) * -10.347  <0.001
(3.38-4.24) (7.93-8.68)

APACHE Il 4(2,6) 2(24) 4(26)* -4.926 <0.001
(2.25-3.26) (4.47-5.43)

MOEWS1is the score of 24 hours before ICU admission; MOEWS2 is the score of
24 hours after ICU admission; MOEWS means the highest score of MOEWS1 and
MOEWS2; median scores with IQR (P25, P75); * indicates statistical significance,
P<0.001

accompanied by changes in vital signs. It was shown that
women with preeclampsia, heart failure, shock and sepsis
were easier to trigger by following vital signs only. Some
conditions, however, could not be accurately judged only
from vital signs and were prone to false-negative results,
such as pregnancies with pulmonary hypertension, val-
vular heart disease and congenital heart disease. When
combined with the mWHO classification of maternal car-
diovascular risk, women with severe cardiovascular dis-
eases could be easily identified at an earlier stage.

The risk of severe morbidity increased as MOEWS
increased and correlated with increased length of ICU
stay and lower gestational age. Delays in recognition,
assessment and treatment are well recognized as sig-
nificant contributors to maternal morbidity [15]. Thus,
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Fig. 3 ROC curves of MOEWS and APACHE Il score for prediction of maternal morbidity. MOEWS1 is score 24 h before ICU admission; MOEWS?2 is
score 24 h after ICU admission; MOEWS is the highest of MOEWS1 and MOEWS2
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Table 6 Validity of the MOEWS and APACHE Il score to predict maternal morbidity
Score Cut-off AUROC Sensitivity Specificity PPV NPV Predicted

(95% CI) (95% CI) (95% CI) (95% ClI) (95% CI) maternal mortality

(95% CI)

MOEWS1 >4 0.82 84.8% 87.1% 96.9% 55.1%

(0.77-0.87) (80-89) (76-94) (94-99) (45-65)
MOEWS2 >4 091 96.9% 83.9% 96.6% 85.2%

(0.87-0.95) (98-100) (72-92) (94-98) (74-93)
MOEWS >4 0.92 99.3% 75.8% 95.1% 95.9%

(87.8-95.5) (98-100) (63-86) (92-97) (86-100)

APACHE > 0.70* 10.3% 98.4% 96.8% 8.1% 8.4%
Il 10 (0.63-0.76) (7-14) (91-100) (83-100) (15-24) (8.77-25.89)
Pvalue 0.001

MOEWST1 is score 24 hours before ICU admission; MOEWS?2 is score 24 hours after ICU admission; MOEWS is the highest score of MOEWS1 and MOEWS2; predicted
maternal mortality of APACHE Il score is shown with IQR (P25, P75); * indicates statistical significance, P<0.01

in order to identify women with a potential deterio-
ration of their condition earlier, women with MOE-
WSs>5 or a single parameter score of 3 should be
admitted to ICU for close monitoring.

Good discrimination of MOEWS was also verified
by AUROC and other screenings indicators. MOEWS
of 24 h after ICU admission was found to have higher
sensitivity, specificity and AUROC than MOEWS of
24 h before ICU admission. The best test indicators
resulted from a combination of the two MOEWSs.
If MOEWSs can be promoted in general wards and
emergency departments, potentially high-risk women
may be identified to a greater extent in order to make
closer monitoring and earlier treatment possible.

The AUROC of APACHE II scores was relatively
low and tended to overpredict maternal deaths in this
study, which was also observed in previous studies [9,
22, 30, 31]. This may be related to the pathophysiologi-
cal changes in pregnancy [30]. APACHE II score thus
should not be used to predict severe maternal morbid-
ity in the setting of an obstetric ICU.

Generally, MOEWS is an effective predictor of
severe maternal morbidity. It is simple and less time-
consuming compared to APACHE II, as it is a bedside
test only. For cardiovascular diseases, information for
risk assessment can be obtained from the medical his-
tory or emergency bedside ultrasound.

Several limitations should be considered when inter-
preting the results of this study. Firstly, our study was
only conducted in our hospital and may not be entirely
applicable to other hospital settings. Secondly, it was
a retrospective analysis with a relatively small sample
size. Prospective studies are required to validate our
conclusions.

Conclusion

The MOEWS tool is feasible and acceptable in obstetric
ICUs. Implementation of MOEWS may contribute to
prevent deterioration of maternal morbidity by improv-
ing early identification of women with such conditions.
Similarly, both quality of care and maternal health can
be improved to a certain extent. Nonetheless, success-
ful implementation of MOEWS needs further study to
evaluate the efficiency of predicting severe maternal
morbidity in other ICU settings.
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