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Abstract
Background

The maternal near-miss (MNM) criterion formulated by the WHO can dynamically evaluate the obstetric
quality and maternal health in medical institutions. The study aims to explore the incidence, risk factors,
and causes of MNM cases admitted to the intensive care unit (ICU) within 5 years.

Methods

This study is a retrospective study. The data of MNM admitted to the ICU comes from the medical records
of Subei People's Hospital in Yangzhou from 2015 to 2019. The study subjects meet at least one World
Health Organization (WHO) criterion of MNM. The MNM who had not been admitted to the ICU in the
same year served as the control group. We use descriptive analysis, Chi-Square test and Fisher’s exact
test for data analysis.

Results

151 women met the WHO criteria of MNM and there was one maternal death in 2016. The average
maternal near-miss rate MNMR for ICU admission was 3.5 per 1,000LBs, and the average MNM
morbidity was 0.36%. The average maternal mortality ratio (MMR) was 5 per 100,000LBs. The 5-year
research period witnessed moderate growth in MNM admitted to the ICU. The region, referral, gravidity,
prenatal examination, and mode of delivery were signi�cantly related to the MNM admitted to the
ICU(p<0.05). Concerning neonatal characteristics, there is a signi�cant difference in preterm birth rate and
low Apgar scores at 1 min and 5 min(p<0.05). The direct obstetric causes were the primary cause of
MNM, regardless of the ICU admission. The leading direct obstetric causes of MNM admitted to the ICU
were obstetric hemorrhage diseases(38.8%) following hypertension diseases(18.8%), while the leading
indirect obstetric cause of MNM admitted to the ICU was heart-related diseases (7.2%). MNM for the ICU
admission were mostly postpartum (96.9%), who underwent multiple interventions.

Conclusions

ICU is one of the most important endpoints of MNM management. In the context of "universal two-child",
medical institutions should strengthen multidisciplinary joint treatment. In the future, it needs to be
expanded to multi-center research to determine the criteria for MNM admitted to the ICU.

Background
Reducing maternal mortality (MD) is the primary issue of global concern. The global maternal mortality
ratio(MMR) decreased from 385/105 in 1990 to 216/105 in 2015 [1]. Based on the goal of the Sustainable
Development Strategy (SDG), the global MMR will be reduced to 70/105 by 2030, and the total number of
deaths will not exceed 250 million. Although there are regional and ethnic differences, the annual MMR of
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any country cannot exceed 140/105[1–3].MMR is one of the vital indicators to measure the economic
level, resource allocation, and maternal and child health status of a country or region.

Due to the development of modern medical technology, MMR, as the "tip of the iceberg", has a rare
incidence, even in developing countries. It is impossible to monitor and evaluate the quality of obstetric
care accurately [4]. Therefore, the World Health Organization (WHO) organized an expert group to review
and revise the concept of maternal near-miss (MNM) in 2009, which clarify the diagnostic criteria from
three aspects: clinical standards, laboratory tests, and disease management standards. MNM means that
pregnant women who are on the verge of death within 42 days of pregnancy, childbirth, and postpartum
are successfully rescued or continue to survive due to accidental factors [5]. MNM's condition changes
are bidirectional[6]. It appears earlier than MD and has similar risk factors with MD. It can dynamically
evaluate the obstetric quality of medical institutions and obtain more reliable and objective data to
reduce severe morbidity and prevent death. Global uni�ed diagnostic criteria are more conducive to
guidance, tracking, and policymaking [7, 8].

China completed the Millennium Development Goals in 2015[9]. The "Healthy China 2030 " states that
China's MMR should be reduced to 12/105 in 2030[10]. After the implementation of the universal two-
child policy in 2016, experts predict that the number of births will increase signi�cantly in the next �ve
years[11],which was estimated from 100,000 to more than 10 million each year[12]. The change in
demographic structure will not only increase the number of older women, but also heighten the risk of
pregnancy and the incidence of pregnant complications and comorbidities[12, 13].Obstetricians are
facing greater challenges. The joint management of MNM by obstetrics and the intensive care unit (ICU)
is a major measure for the rescue of emergency obstetrics. The incidence of MNM admitted to the ICU
can be used as one of the important indicators to judge the severity[14]. A multicountry survey by WHO
showed that the use of high-quality ICU is notably correlated with the decline in MMR[15].As a result, it is
necessary to predict, identify, and manage the MNM admitted to the ICU to improve the risk prevention
and control system.

So far, there is no report on monitoring MNM in Yangzhou. This study is a retrospective study, which aims
to explore the incidence, risk factors and causes of MNM cases admitted to the ICU within 5 years,
provide clinical experience and lessons for reducing the incidence of adverse maternal outcomes and
standardize the process of maternal health care services.

Methods
Study design and area

This study is a retrospective study. The research location is the Subei People's Hospital of Yangzhou,
Jiangsu Province, which is a tertiary general hospital integrating clinical, teaching, and scienti�c research
in the �eld of obstetrics and gynecology. The GDP per capita and regional development of Jiangsu
Province have reached the level of "medium-upper-class" developed countries[16]. The total population of
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Yangzhou is 4.59 million and the birth rate is 9.87‰[17]. There are 116 hospital beds, 95 medical staff,
and advanced equipment such as integrated obstetric beds, an obstetric central monitoring system,
Doppler fetal heart rate monitor in the obstetric department. In 2016, the hospital became one of the
Critical Maternal Emergency Centers for MNM in Yangzhou, which set up an emergency green channel for
midwifery agencies in the region and established a multidisciplinary expert team to provide 24-hour
emergency obstetric services.

Study period and participants

The participants included in this study were MNM who were admitted to the ICU at Subei People's
Hospital from 2015 to 2019. The MNM who were not admitted to the ICU in the same year were used as
the control group to compare the general demographic data, obstetrical data, and causes between the
two groups.

When a participant met any of the clinical, laboratory, or management standards set by WHO, the
researchers would add it to a standardized data table. The complete data could be available for review.
Women admitted to the ICU not related to pregnancy (not during pregnancy or 42 days after the
termination of pregnancy) were excluded.

Procedures for data collection

The data was collected from the patient's medical records by two researchers after uni�ed training. The
information obtained was only used to describe the characteristics of patients and analyze the data, so
informed consent was not required. The ethics approval was provided by School of Nursing, Yangzhou
University (Audit reference YZUHL2020014) on 1 March 2020. The contents of general demographic data
and obstetric data include age, citizenship, region, referral, gravidity, parity, gestational week, prenatal
examinations, previous cesarean section history, mode of delivery, mode of fertilization, hospitalization
time, the timing of the ICU admission, length of stay in the ICU, neonatal sex, the birth of weight, Apgar
score (1min, 5min) and neonatal outcome.

Medical diagnosis was coded under the International Classi�cation of Diseases (ICD-10). When several
complications coexist, only the major causes of admission to the ICU were considered. They were divided
into direct obstetric causes and indirect obstetric causes. Direct obstetric causes included placenta previa,
placental abruption, postpartum hemorrhage, uterine rupture, hemorrhagic shock, amniotic �uid
embolism, pelvic hemorrhage, abdominal wall stroke, pregnancy-induced hypertension, acute fatty liver of
pregnancy, intrahepatic cholestasis of pregnancy and Endometriosis; Indirect obstetric causes included
infection, heart-related, kidney-related, endocrine system-related, respiratory system-related, liver-related,
nervous system-related and epilepsy.

Interventions in the ICU include blood transfusion, mechanical ventilation, tracheal intubation, plasma
exchange, and so on. If there was any doubt about the case of the missing data, we consulted the
attending doctor. Through obstetrics delivery records, the annual delivery data was obtained. The data
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collection period was from June 1, 2020, to July 31, 2020. The main researchers and experts regularly
checked the completeness and consistency of the data and proposed amendments and improvements on
the spot.

Outcome indicators

Maternal near-miss ratio (MNMR): the number of maternal near-miss cases per 1000 live births.

Maternal mortality ratio (MMR): the number of maternal mortality per 100,000 live births.

MNM Morbidity % : the number of maternal near-miss cases /total number of maternal during the
same period

Data analysis

Data was entered and organized by Microsoft Excel 2007. The analysis was performed by IBM SPSS
statistics data editor version 26.0. Descriptive analysis was expressed by frequency and ratio, represented
by N and % respectively. The cross table was used to explain whether there was a signi�cant relationship
between variables and adverse outcomes. Chi-Square test and Fisher’s exact test were used to compare
the two groups of categorical variables to assess the potential risk factors of MNM in the ICU admission.
p< 0.05 was considered statistically signi�cant during the study.

Result
Over the 5 years of the study (2015-2019), we enrolled information from 17946 women and 18346 live
births LBs in the Subei People's Hospital.151 women met the WHO criteria of maternal near-miss and
there was one maternal death in 2016. They were divided into two groups (MNM to the ICU group and
MNM not to the ICU group). The group of MNM not to the ICU was served as the control group. The
average MMR for the hospital was 5 per 100,000 LBs. The average MNM morbidity for the ICU admission
was 0.36% and MNMR was 3.5 per 1,000 LBs (Table 1). The period between 2015 and 2019 witnessed
moderate growth in the number of MNM admitted to the ICU, and delivery quantity reached its highest
point at 4319 in 2016(Fig 1).

Demographic and obstetric characteristics of MNM to ICU

The demographic and obstetric characteristics of the two groups were compared (Table 2). The risk
factors which were performed to be statistically signi�cant were region, referral, gravidity, prenatal
examination, and mode of delivery (p<0.05). Overall, the percentage of women aged 35 or older was
21.5%. Approximately 65% of women came from rural areas.41.5% were referred from other hospitals.
72.3% of pregnant women had more than one pregnancy. Irregular prenatal examination accounted for
29.8%. The rate of previous cesarean section history was 33.9%. Most MNM admitted to the ICU ended
their pregnancy with cesarean section (92.3%) and had prolonged length of hospitalization (76.9%).
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Compared with the two groups, the number of elderly age, rural area, referral, gravidity, parity, irregular
prenatal examinations, previous cesarean section history, cesarean section and prolonged length of
hospitalization in the ICU admission group were higher than that of the control group.

Neonatal characteristics of MNM to ICU

A total of 154 newborns (124 singletons and 15 twins) were born in the study (Table3). Regarding
neonatal characteristics, there is a signi�cant difference in preterm birth rate (81.3% and 61.1%,
respectively p<0.01), low Apgar scores at 1 minute (21.9% and 2.2%, respectively p<0.01) and low Apgar
scores at 5 minute (6.3% and 0%, respectively p=0.02).

Primary causes of MNM to ICU

Direct obstetric causes are the primary reasons for MNM, regardless of ICU admission( Table 4) .The
leading direct obstetric cause of MNM admitted to the ICU was obstetric hemorrhage disease(38.8%)
following hypertension disease(18.8%). The leading indirect obstetric cause of MNM admitted to the ICU
was heart-related diseases (7.2%). However, in the control group, the most common cause was obstetric
hemorrhage disease (70.5%), following anemia (12.1%). The leading indirect obstetric cause was epilepsy
(5.7%).

Clinical interventions of MNM to ICU

82 women were admitted to the ICU, whereas only 65 women met the WHO near-miss criterion. All of
them underwent 217 clinical interventions in total (most of the women accepted more than one) (Table
5). These included blood transfusion(≥5 units red blood cells)(33.8%),continuous use of vasoactive
drugs(23.1%),invasive blood pressure monitoring(21.5%),pressurized oxygen supply(49.2%),plasma
replacement(3.1%),hysterectomy(13.8%),uterine backpack suture(6.2%),uterine artery
embolization(7.7%),continuous renal replacement therapy(CRRT)(3.1%),endotracheal
intubation(36.9%),deep/central venous catheterization(26.7%)and mechanically assisted sputum
removal(38.7%). The timing of the ICU admission is mostly postpartum (96.9%).

Discussion
In the current study, the average MNMR for the ICU admission was 3.5 per 1,000 LBs and accounted for
0.36% when WHO criteria conducted by many obstetric experts were used. The �nding was consistent
with other developed countries and a recent systematic review that indicated a wide spread of the
incidence of MNM for the ICU admission[18–21]. Although only a small percentage of women need to be
admitted to the ICU for care, this population is increasing due to population growth and the introduction
of new treatment models[22].

In 2016, China changed its fertility policy from "single two-child " to "universal two-child ", which resulted
in the concentrated release of accumulated fertility demand and an increase in the proportion of high-risk
pregnant women [23]. The change in delivery volume is consistent with the results in this study. A
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growing number of women are conceiving with assisted reproductive technology (ART), giving rise to a
signi�cantly increased risk of perinatal complications, blood transfusion, and ICU hospitalization [24].
Therefore, we strive to check at the source, pour attention into high-risk pregnant women, and provide the
correct advice on the timing of pregnancy again, health care, and precautions during pregnancy.

With the progress of urbanization and the regional characteristics of Yangzhou, the rural population still
occupies a considerable proportion. The migrant population with unstable income and lacking medical
insurance has also increased overwhelmingly [25]. The government and health institutions should
strengthen health education for the migrant population, raise awareness of self-health management, and
gradually realize that migrant women enjoy the same health care services as the place where they
immigrated .This solution can promote the conversion of a high-risk pregnancy to medium or low risk and
effectively reduce the occurrence of MNM.

As expected, 41.5% of pregnant women transferred from other hospitals were admitted to the ICU in this
study. These women are facing a higher risk of MNM due to the in�uence of transportation, referral
distance, and primary care level[26, 27].To resolve this contradiction, it is indispensable to establish a
two-way cooperative relationship led by the Critical Maternal Emergency Center to ensure the coverage of
all midwifery institutions, implement hierarchical referral treatment, and establish the shortest distance
green treatment channel. For women with unstable conditions, experts from higher-level medical
institutions can provide on-site treatment or telemedicine to guide the rescue.

Irregular prenatal examinations are one of the potential risk factors for MNM [28]. This study stated that
the rate of irregular prenatal examinations in the ICU group was almost twice that of the control group,
suggesting that regular examinations can prevent adverse pregnancy outcomes and reduce medical
costs. It reached an agreement on the results of a retrospective study in Brazil [29]. With the help of the
nation’s free �ve-time prenatal examinations service for pregnant women, we will make full use of
pregnant women’s schools and communities to promote the bene�ts of regular examinations and help
pregnant women understand its importance.

During the study period, the previous cesarean section rate was 33.9%. It was lower than the population-
based prospective study in Italy, which found that repeated cesarean section was remarkably associated
with postpartum hemorrhage and hysterectomy[14, 30]. The number of scarred uterus in China doubled
from 2012 to 2016,9.8% and 17.7% respectively[31]. The cesarean section rate in China was the highest
among the nine Asian countries, especially the rate of cesarean sections without medical indications [32].
But for MNM admitted to the ICU, the cesarean section is an effective means to relieve adverse pregnancy
outcomes [33]. So 92.3% of the delivery methods in this study were cesarean sections. Higher cesarean
section rates and changes in fertility policies will lead to the diversi�cation and complexity of diseases,
which highlight the need for multidisciplinary treatment. Regular skills training and rescue drills for
relevant health care personnel are also key measures.

This study found that the premature birth rate and low Apgar scores at both 1 and 5 minutes were
signi�cantly higher than those of MNM in the control group. A document reported that babies delivered by
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mothers in the ICU have higher neonatal intubation rates, NICU transfer rates and lower Apgar scores [34].
This shows that the ICU health care personnel are facing huge challenges, not only need to pay attention
to the physical condition of MNM, but the condition of newborns may also be critical and need to be dealt
with in time.

The main obstetric causes of MNM admitted to the ICU were obstetric hemorrhage and hypertension.
This �nding is in line with the results of several studies conducted in France[21] and inconsistent with
several studies in Brazil[35, 36]. Obstetric hemorrhage tends to easily have serious adverse effects on
women's physical and mental health. On the one hand, the high rate of cesarean section leads to the
invasive placenta [37], On the other hand, as a treatment center for MNM, the referral of obstetric patients
from other hospitals to our hospital results in data bias. Obstetric medical workers should keep eyes on
obstetric hemorrhage risk screening, carrying out key monitoring and dynamic management of pregnant
women at risk of bleeding.

Our hospital uses prophylactic oxytocin for every parturient to reduce avoidable obstetric hemorrhage.
Blood transfusion is an important emergency intervention. The availability of blood and the threshold of
use is different in various regions [38]. Hence, ≥ 5 units of red blood cells as the inclusion criteria may not
truly re�ect the severity of MNM. This requires further research to determine the blood transfusion
threshold that meets national characteristics. Hysterectomy is the most serious treatment for obstetric
hemorrhage. The higher rate of hysterectomy is related to the delay in seeking medical services and
referrals for pregnant women with severe obstetric hemorrhage. [22, 39]. However, in recent years, a
reasonable choice of compression suture and uterine artery embolization has effectively reduced the rate
of hysterectomy and improve maternal quality of life[37].

Affected by race, environment, and social economy, 5%-10% of pregnant women will develop
hypertension [40]. In this study, 18.8% of MNM admitted to the ICU had hypertension. Study had pointed
out that irregular prenatal examinations and low educational attainment were risk factors for
hypertension[41]. Our hospital's recognition and treatment of hypertension are relatively complete. high-
risk pregnant women with a family history of hypertension ought to be vigilant and screened as soon as
possible. Meanwhile, the ability of health care personnel to judge and deal with complications needs to
be enhanced.

Although obstetric causes are the main reason for MNM admitted to the ICU [42, 43], considering the
development of reproductive medicine and other related medicine, perinatal complications and
comorbidities tend to occur in women with underlying diseases, which make the treatments of indirect
obstetric causes too complex and beyond the capacity of obstetricians [44]. The main indirect obstetric
cause of MNM admitted to the ICU was heart-related diseases, while the control group is epilepsy
.According to a national research studied in China, the incidence of MMR caused by heart-related
diseases rose by 1.5 per 100,000 between 2013 and 2016[11]. As a tertiary general hospital, our hospital
is able to provide comprehensive treatments and advanced intervention measures for women suffering
those diseases and use multidisciplinary management to powerfully reduce MMR.
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96.9% of MNM were admitted to the ICU after delivery. More than half of MNM spent less than three days
in the ICU. Similar to other studies, China’s �rst multi-center study showed that 92.26% of pregnant
women were admitted to the ICU after delivery [45]. 87% of the ICU admissions in the United States
occurred postpartum with an average length of 10 days for staying in hospital [19]. The difference in the
length of the ICU stay implies that since our hospital has only a comprehensive ICU, most MNM admitted
to the ICU only need continuous monitoring and do not necessarily need intensive care. In this case,
establishing an obstetric intensive care unit may contribute to reducing the pressure on the ICU and
providing specialist nursing for MNM.

During the 5-year study period, there was only one maternal death due to pregnancy complicated by heart
failure. MMR is 5/105. Compared with low-income and low-middle-income countries, this incidence
re�ects our hospital’s good health service management and the availability of high-quality drugs and
interventions [46]. Approximately 830 women die from preventable pregnancy-related diseases every day
in the world, and 99% of MD occurs in developing countries [47, 48]. It is a valuable method for health
care personnel to regularly audit and analyzes MNM admitted to the ICU.

There are some limitations to our research worth noting. First of all, given that this study was conducted
in a single hospital, our results may not be generalized to primary and private hospitals. However, most
MNM receives treatment in tertiary general hospitals, especially in middle-income and high-income areas.
This bias will not have much impact on the result. Secondly, this study is a retrospective study with data
from medical records. It is hoped that the occurrence of data loss can be minimized with the exploitation
and development of tools for the automatic identi�cation of MNM[38]. Finally, our use of WHO standards
may underestimate the number of severe maternal morbidities. In the future ,research is needed to
establish MNM standards suitable for our country or region.

To the best of our knowledge, this study is the �rst retrospective study of MNM admitted to the ICU in
Yangzhou. The hospitals in this study have abundant experience in handling pregnancy complications
and pay attention to the incidence, risk factors, and causes of MNM, which is helpful to promote the
transformation from quantity to quality of obstetric health. Moreover, the 5-year study can objectively
evaluate the impact of the "two-child policy" on MNM.

Conclusion
In this study, the average MNMR for admission to the ICU was 3.5/1000 LBs and the average morbidity
was 0.36%. With the implementation of the "two-child policy", MNMR of the ICU admission is positively
correlated with time. ICU is one of the most common endpoints in the management of MNM. The
cooperation of the ICU, obstetrics, and other related departments to treat MNM can effectively reduce
MMR. At present, there is a lack of consensus on the criteria for MNM admitted to the ICU. In-depth
research and adequate monitoring can �nd de�ciencies in obstetric services and offer a strong basis for
policy formulation and improvement.
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ratio; MNM:Maternal near miss; WHO:World Health Organization; LBs:live births; ART:assisted
reproductive technology

Declarations

Availability of data and materials
The data in this research report is available for use with the permission of the corresponding author.

Ethics approval and consent to participate
The ethics approval to undertake this study was provided by School of Nursing, Yangzhou University
(Audit reference YZUHL2020014) on 1 March 2020. The data were based on case records and were
merely an assessment of the quality of clinical obstetric care in this study, so informed consent was not
required.

Consent for publication

Not applicable

Competing interests

The authors declare that they have no competing interests.

Funding
No funding was received for this study.

Authors’ contributions
YC analyzed the data and written manuscript. JYS contributed signi�cantly to collect the data and revise
the manuscript. YTZ, YL, YRC and MMM were involved to interpret and revise the manuscript. XK
supervised and guided the whole study. All authors read and approve the �nal manuscript, who were
performed the study design.

Acknowledgments



Page 11/22

The authors thank clinical experts for the consultation and supervision of MNM data collection.

References
1. Alkema L, Chou D, Hogan D, Zhang S, Moller A-B, Gemmill A, Fat DM, Boerma T, Temmerman M,

Mathers C et al: Global, regional, and national levels and trends in maternal mortality between 1990
and 2015, with scenario-based projections to 2030: a systematic analysis by the UN Maternal
Mortality Estimation Inter-Agency Group. The Lancet 2016, 387(10017):462-474.

2. Jolivet RR, Moran AC, O’Connor M, Chou D, Bhardwaj N, Newby H, Requejo J, Schaaf M, Say L,
Langer A: Ending preventable maternal mortality: phase II of a multi-step process to develop a
monitoring framework, 2016–2030. BMC Pregnancy and Childbirth 2018, 18(1):258.

3. Larroca SGT, Valera FA, Herrera EA, Hernandez IC, Lopez YC, De Leon-Luis J: Human Development
Index of the maternal country of origin and its relationship with maternal near miss: A systematic
review of the literature. Bmc Pregnancy and Childbirth 2020, 20(1):224.

4. Chikadaya H, Madziyire MG, Munjanja SP: Incidence of maternal near miss in the public health
sector of Harare, Zimbabwe: a prospective descriptive study. Bmc Pregnancy and Childbirth 2018,
18(1):458.

5. Abdollahpour S, Heidarian Miri H, Khadivzadeh T: The global prevalence of maternal near miss: a
systematic review and meta-analysis. Health Promot Perspect 2019, 9(4):255-262.

�. Nakimuli A, Nakubulwa S, Kakaire O, Osinde MO, Mbalinda SN, Nabirye RC, Kakande N, Kaye DK:
Maternal near misses from two referral hospitals in Uganda: a prospective cohort study on incidence,
determinants and prognostic factors. BMC Pregnancy Childbirth 2016, 16:24.

7. Sotunsa JO, Adeniyi AA, Imaralu JO, Fawole B, Adegbola O, Aimakhu CO, Adeyemi AS, Hunyinbo K,
Dada OA, Adetoro OO et al: Maternal near-miss and death among women with postpartum
haemorrhage: a secondary analysis of the Nigeria Near-miss and Maternal Death Survey. BJOG
2019, 126 Suppl 3:19-25.

�. de Lima THB, Amorim MM, Buainain Kassar S, Katz L: Maternal near miss determinants at a
maternity hospital for high-risk pregnancy in northeastern Brazil: a prospective study. BMC
Pregnancy Childbirth 2019, 19(1):271.

9. Liang J, Li X, Kang C, Wang Y, Kulikoff XR, Coates MM, Ng M, Luo S, Mu Y, Wang X et al: Maternal
mortality ratios in 2852 Chinese counties, 1996–2015, and achievement of Millennium Development
Goal 5 in China: a subnational analysis of the Global Burden of Disease Study 2016. The Lancet
2019, 393(10168):241-252.

10. Central People's Government of the People's Republic of China.The Outline of healthy China 2030
Plan.2016. http://www.gov.cn/zhengce/2016-10/ 25/content 5124174.htm. Accessed 20 Jun 2020

11. Liu J, Song L, Qiu J, Jing W, Wang L, Dai Y, Qin G, Liu M: Reducing maternal mortality in China in the
era of the two-child policy. BMJ Glob Health 2020, 5(2):e002157.



Page 12/22

12. Li HT, Xue M, Hellerstein S, Cai Y, Gao Y, Zhang Y, Qiao J, Blustein J, Liu JM: Association of China's
universal two child policy with changes in births and birth related health factors: national, descriptive
comparative study. BMJ (Clinical research ed) 2019, 366:l4680.

13. Teng X, Shane MI, Pan S: The changing situation about maternal age, risk factors and pregnancy
outcomes after the two-child policy: a retrospective cohort study. Ann Palliat Med 2020, 9(3):824-
834.

14. Moudi Z, Arabnezhad L, Ansari H, Tabatabaei SM: Severe maternal morbidity among women with a
history of cesarean section at a tertiary referral teaching hospital in the southeast of Iran. Public
Health 2019, 175:101-107.

15. Soares FM, Pacagnella RC, Tuncalp O, Cecatti JG, Vogel JP, Togoobaatar G, Souza JP: Provision of
intensive care to severely ill pregnant women is associated with reduced mortality: Results from the
WHO Multicountry Survey on Maternal and Newborn Health. Int J Gynaecol Obstet 2020, 150(3):346-
353.

1�. People's Government of Jiangsu Province. Jiangsu overview. 2020. http://www.jiangsu.
gov.cn/col/col31359/ . Accessed 15 Jun 2020.

17. Yangzhou Statistics Bureau. A brief analysis of the basic situation of Yangzhou population.2018.
http://tjj.yangzhou.gov.cn/ Accessed 5 Jun 2020.

1�. Barry Y, Deneux-Tharaux C, Saucedo M, Goulet V, Guseva-Canu I, Regnault N, Chantry AA: Maternal
admissions to intensive care units in France: Trends in rates, causes and severity from 2010 to 2014.
Anaesth Crit Care Pain Med 2019, 38(4):363-369.

19. Small MJ, James AH, Kershaw T, Thames B, Gunatilake R, Brown H: Near-miss maternal mortality:
cardiac dysfunction as the principal cause of obstetric intensive care unit admissions. Obstet
Gynecol 2012, 119(2 Pt 1):250-255.

20. Pollock W, Rose L, Dennis CL: Pregnant and postpartum admissions to the intensive care unit: a
systematic review. Intensive Care Med 2010, 36(9):1465-1474.

21. Chantry AA, Deneux-Tharaux C, Bonnet MP, Bouvier-Colle MH: Pregnancy-related ICU admissions in
France: trends in rate and severity, 2006-2009. Crit Care Med 2015, 43(1):78-86.

22. Bakshi RK, Roy D, Aggarwal P, Nautiyal R, Chaturvedi J, Kakkar R: Application of WHO 'Near-Miss'
Tool Indicates Good Quality of Maternal Care in Rural Healthcare Setting in Uttarakhand, Northern
India. J Clin Diagn Res 2016, 10(1):Lc10-13.

23. Zeng Y, Hesketh T: The effects of China's universal two-child policy. The Lancet 2016,
388(10054):1930-1938.

24. Nagata C, Yang L, Yamamoto-Hanada K, Mezawa H, Ayabe T, Ishizuka K, Konishi M, Ohya Y, Saito H,
Sago H: Complications and adverse outcomes in pregnancy and childbirth among women who
conceived by assisted reproductive technologies: a nationwide birth cohort study of Japan
environment and children's study. BMC pregnancy and childbirth 2019, 19(1):77.

25. Lin L, Chen Y-H, Sun W, Gong J-J, Li P, Chen J-J, Yan H, Ren L-W, Chen D-J: Risk factors of obstetric
admissions to the intensive care unit An 8-year retrospective study. Medicine 2019, 98(11):e14835.



Page 13/22

2�. Benimana C, Small M, Rulisa S: Preventability of maternal near miss and mortality in Rwanda: A
case series from the University Teaching Hospital of Kigali (CHUK). PLoS One 2018, 13(6):e0195711.

27. Kasahun AW, Wako WG: Predictors of maternal near miss among women admitted in Gurage zone
hospitals, South Ethiopia, 2017: a case control study. Bmc Pregnancy and Childbirth 2018,
18(2):260.

2�. Akrawi VS, Al-Hadithi TS, Al-Tawil NG: Major Determinants of Maternal Near-Miss and Mortality at
the Maternity Teaching Hospital, Erbil city, Iraq. Oman medical journal 2017, 32(5):386-395.

29. Domingues RM, Dias MA, Schilithz AO, Leal MD: Factors associated with maternal near miss in
childbirth and the postpartum period: �ndings from the birth in Brazil National Survey, 2011-2012.
Reprod Health 2016, 13(Suppl 3):115.

30. Mu Y, Li XH, Zhu J, Liu Z, Li MR, Deng K, Deng CF, Li Q, Kang LN, Wang YP et al: Prior caesarean
section and likelihood of vaginal birth, 2012-2016, China. Bulletin of the World Health Organization
2018, 96(8):548-557.

31. Juan Liang YM, Xiaohong Li, Wen Tang,Yanping Wang,Zheng Liu,Xiaona Huang, Robert W
Scherpbier, Sufang Guo, Mingrong Li, Li Dai, Kui Deng,Changfei Deng, Qi Li, Leni Kang,Jun Zhu,
Carine Ronsmans: Relaxation of the one child policy and trends in caesarean section rates and birth
outcomes in China between 2012 and 2016: observational study of nearly seven million health
facility births. BMJ (Clinical research ed) 2018, 360:k817.

32. Kietpeerakool C, Lumbiganon P, Laopaiboon M, Rattanakanokchai S, Vogel JP, Gulmezoglu AM:
Pregnancy outcomes of women with previous caesarean sections: Secondary analysis of World
Health Organization Multicountry Survey on Maternal and Newborn Health. Scienti�c Reports 2019,
9(1):9748.

33. Alemu FM, Fuchs MC, Martin Vitale T, Abdalla Mohamed Salih M: Severe maternal morbidity (near-
miss) and its correlates in the world's newest nation: South Sudan. International journal of women's
health 2019, 11:177-190.

34. Madan I, Puri I, Jain N, Grotegut C, Nelson D, Dandolu V: Characteristics of obstetric intensive care
unit admissions in New Jersey. The journal of maternal-fetal & neonatal medicine : the o�cial
journal of the European Association of Perinatal Medicine, the Federation of Asia and Oceania
Perinatal Societies, the International Society of Perinatal Obstetricians 2009, 22(9):785-790.

35. Bandeira AR, Rezende CA, Reis ZS, Barbosa AR, Peret FJ, Cabral AC: Epidemiologic pro�le, survival,
and maternal prognosis factors among women at an obstetric intensive care unit. Int J Gynaecol
Obstet 2014, 124(1):63-66.

3�. Soares FM, Guida JP, Pacagnella RC, Souza JP, Parpinelli M, Haddad SM, Cecatti JG: Use of Intensive
Care Unit in Women with Severe Maternal Morbidity and Maternal Death: Results from a National
Multicenter Study. Revista brasileira de ginecologia e obstetricia : revista da Federacao Brasileira das
Sociedades de Ginecologia e Obstetricia 2020, 42(3):124-132.

37. Maraschini A, Lega I, D'Aloja P, Buoncristiano M, Dell'Oro S, Donati S: Women undergoing peripartum
hysterectomy due to obstetric hemorrhage: A prospective population-based study. Acta Obstet



Page 14/22

Gynecol Scand 2020, 99(2):274-282.

3�. Jayaratnam S, Kua S, deCosta C, Franklin R: Maternal 'near miss' collection at an Australian tertiary
maternity hospital. Bmc Pregnancy and Childbirth 2018, 18(1):221.

39. Rodolfo C Pacagnella JGC, Mary A Parpinelli, Maria H Sousa, Samira M Haddad, Maria L Costa,
João P Souza, Robert C Pattinson and the Brazilian Network for the Surveillance of Severe Maternal
Morbidity study group: Delays in receiving obstetric care and poor maternal outcomes: results from a
national multicentre cross-sectional study. BMC Pregnancy Childbirth 2014, 14:159.

40. Maged AM, Elsherief A, Hassan H, Salaheldin D, Omran KA, Almohamady M, Dahab S, Fahmy R,
AbdelHak A, Shoab AY et al: Maternal, fetal, and neonatal outcomes among different types of
hypertensive disorders associating pregnancy needing intensive care management. The journal of
maternal-fetal & neonatal medicine : the o�cial journal of the European Association of Perinatal
Medicine, the Federation of Asia and Oceania Perinatal Societies, the International Society of
Perinatal Obstet 2018, 33(2):314-321.

41. Xiong T, Mu Y, Liang J, Zhu J, Li X, Li J, Liu Z, Qu Y, Wang Y, Mu D: Hypertensive disorders in
pregnancy and stillbirth rates: a facility-based study in China. Bull World Health Organ 2018,
96(8):531-539.

42. Maiden MJ, Finnis ME, Duke GJ, Huning E, Crozier T, Nguyen N, Biradar V, McArthur C, Pilcher D:
Obstetric admissions to intensive care units in Australia and New Zealand: a registry-based cohort
study. BJOG 2020, 10:1111.

43. Heemelaar S, Josef M, Diener Z, Chipeio M, Stekelenburg J, van den Akker T, Mackenzie S: Maternal
near-miss surveillance, Namibia. Bull World Health Organ 2020, 98(8):548-557.

44. Yuqi L, Tan G, Chengming S, Xuri S: The ICU Is Becoming a Main Battle�eld for Severe Maternal
Rescue in China: An 8-Year Single-Center Clinical Experience. Crit Care Med 2017, 45(11):e1106-
e1110.

45. Zhao Z, Han S, Yao G, Li S, Li W, Zhao Y, Qiao J, Zhang J, Lu J, Tao L et al: Pregnancy-Related ICU
Admissions From 2008 to 2016 in China. Critical Care Medicine 2018, 46(10):e1002-e1009.

4�. Maswime S, Buchmann E: A systematic review of maternal near miss and mortality due to
postpartum hemorrhage. Int J Gynaecol Obstet 2017, 137(1):1-7.

47. Shaoping Yang"1 BZ, Jinzhu Zhao"1, Jing Wang2, Louise Flick2, Zhengmin Qian2, Dan Zhang1, Hui
Mei1: Progress on the Maternal Mortality Ratio Reduction in Wuhan, China in 2001–2012. PLOS
ONE 2014, 9(2):e89510.

4�. Ayala Quintanilla BP, Pollock WE, McDonald SJ, Taft AJ: Impact of violence against women on
severe acute maternal morbidity in the intensive care unit, including neonatal outcomes: a case-
control study protocol in a tertiary healthcare facility in Lima, Peru. BMJ Open 2018, 8(3):e020147.

Tables
Table 1 Maternal statistic data cohort 2015 to 2019
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Year  Total number of
maternal

MNM
cases

MNM to the ICU*
cases

MNM

Morbidity
%

MNM to the ICU
morbidity %

2015 3100 29 8 0.93 0.26

2016 4194 21 13 0.50 0.31

2017 3687 35 14 0.95 0.38

2018 3301 35 14 1.06 0.42

2019 3664 31 16 0.85 0.44

total 17946 151 65 0.86 0.36

Abbreviations MNM maternal near miss ; ICU intensive care unit

*MNM to the ICU is de�ned as maternal near miss admitted to ICU]

 

Table 2 Demographic and obstetrical characteristics of women with maternal near-miss in two groups
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Characteristics MNM to the ICU MNM not to the ICU  

N % N % X2 P

Age            

<35 51 78.5 69 80.2 0.07 0.79

≥35 14 21.5 17 19.8

Citizenship            

Local 49 75.4 66 76.7 0.04 0.85

Migrant 16 24.6 20 23.3    

Region            

Rural 42 64.6 41 47.7 4.29 0.04

Urban 23 35.4 45 52.3    

Referral            

No 38 58.5 69 80.2 8.50 <0.01

Yes 27 41.5 17 19.8    

Gravidity            

1 18 27.7 31 36.0 15.82 <0.01

2-5 46 70.8 38 44.2    

>5 1 1.5 17 19.8    

Parity            

0-1 25 38.5 44 51.2 2.41 0.12

≥2 40 61.5 42 48.8    

Prenatal examinations a            

Regular 33 70.2 67 85.9 4.51 0.03

Irregular 14 29.8 11 14.1    

Previous cesarean section history            

0 41 63.1 56 65.1 0.07 0.80

≥1 24 36.9 30 34.9    

Mode of delivery            

Cesarean delivery 60 92.3 63 73.3 8.90 <0.01
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Natural birth 5 7.7 23 26.7    

Mode of fertilization            

Natural 58 89.2 75 87.2 0.14 0.70

ART * 7 10.8 11 12.8    

Hospitalization time            

≤7 15 23.1 22 25.6 0.13 0.72

>7 50 76.9 64 74.4    

* ART is de�ned as assisted reproductive technology

a The missing value of the prenatal examination is 26

 

Table 3 Neonatal characteristics of maternal near-miss in two groups
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Neonatal characteristic MNM to the ICU MNM not to the ICU    

N % N % X2 P

All live neonatal number 64 - 90 -    

Gestational age            

<37 52 81.3 55 61.1 7.15 <0.01

≥37 12 18.7 35 38.9    

Neonatal sex            

Male 30 46.9 41 45.6 0.03 0.87

Female 34 53.1 49 54.4    

Number of Neonatal            

Singletons 52 89.7 72 88.9 0.02 0.89

Twins 6 10.3 9 11.1    

Birth of weight            

<2500 3 25.0 1 2.9 - 0.05*

≥2500 9 75.0 34 97.1    

Apgar score at 1min            

<7 14 21.9 2 2.2 15.51 <0.01

≥7 50 78.1 88 97.8    

Apgar score at 5min            

<7 4 6.3 0 0 5.78 0.02

≥7 60 93.7 90 100.0    

Admission to Neonatal Department            

Yes 30 46.9 49 54.4 0.86 0.35

No 34 53.1 41 45.6    

*Fisher’s exact test

 

Table 4 causes of women with maternal near-miss in two groups
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Cause* MNM MNM to the ICU MNM not to the ICU

N N % N %

Direct obstetric cause 258 115 69.8 143 91.2

Obstetric hemorrhage disease 177 64 38.8 113 70.5

Abruptio placenta 7 5 3.0 2 1.3

Placenta praevia 32 7 4.2 25 15.8

Postpartum hemorrhage 96 28 17.0 68 43.2

Coagulation defects 11 10 6.0 1 0.6

Uterine atony 42 9 5.5 33 21.0

Placenta implantation 37 9 5.5 28 17.8

Soft birth canal lacerations/ hematoma 6 0 0 6 3.8

Ruptured uterus 4 1 0.6 3 1.8

Disseminated intravascular coagulation (DIC) 5 4 2.5 1 0.6

Hemorrhagic shock 26 14 8.5 12 7.5

Amniotic �uid embolism 4 3 1.8 1 0.6

Pelvic bleeding 2 1 0.6 1 0.6

Abdominal wall hematoma/ Abdominal apoplexy 1 1 0.6 0 0

Hypertension disease 39 31 18.8 8 5.0

Preeclampsia 15 12 7.4 3 1.9

Eclampsia 9 6 3.6 3 1.9

Chronic hypertension with preeclampsia 7 7 4.2 2 1.2

HELLP syndrome 3 3 1.8 0 0

Hypertensive crisis 3 3 1.8 0 0

Acute fatty liver during pregnancy 4 4 2.5 0 0

Intrahepatic cholestasis during pregnancy 8 5 3.0 3 1.7

Anemia 29 10 6.1 19 12.1

Endometriosis 1 1 0.6 0 0
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Indirect obstetric cause 64 50 30.2 14 8.8

Infection 10 8 4.9 2 1.3

Epilepsy 10 1 0.6 9 5.7

Heart related 13 12 7.2 1 0.6

Cardiac insu�ciency 4 4 2.4 0 0

Congenital heart disease 1 1 0.6 0 0

Heart failure 6 6 3.6 0 0

other 2 1 0.6 1 0.6

Endocrine related 1 1 0.6 0 0

Respiratory related 11 11 6.7 0 0

Respiratory failure 4 4 2.5 0 0

Acute pulmonary edema 5 5 3.0 0 0

Asthma 1 1 0.6 0 0

Acute respiratory distress syndrome (ARDS) 1 1 0.6 0 0

Renal related 7 6 3.6 1 0.6

 Liver related 6 6 3.6 0 0

Nervous related 2 1 0.6 1 0.6

Other 4 4 2.5 0 0

*one woman could have experienced more than one cause

 

Table 5 Clinical interventions of MNM admitted to the ICU
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Clinical interventions N %

ICU admission

Timing of the ICU admission

 Antepartum 

 Postpartum 

Length of stay in the ICU

1-3

≥4

Blood transfusion (≥5 units red blood cells)

65

 

2

63

 

35

30

22

43.0%

 

3.1

96.9

 

53.8

46.2

33.8

Continuous use of vasoactive drugs 15 23.1

Noninvasive assisted ventilation 34 52.3

Invasive blood pressure monitoring 14 21.5

Pressurized oxygen supply 32 49.2

Plasma replacement 2 3.1

Hysterectomy 9 13.8

Uterine backpack suture 4 6.2

Uterine artery embolization 5 7.7

Continuous renal replacement therapy 2 3.1

Endotracheal intubation 24 36.9

Deep/Central venous catheterization 18 26.7

Mechanically assisted sputum removal 25 38.7

Figures
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Figure 1

Change trend of delivery volume and MNMR* admission to ICU from 2015 to 2019. *MNMR is de�ned as
the number of maternal near miss cases per 1000 live births


