
e1002 www.ccmjournal.org October 2018 • Volume 46 • Number 10

Objectives: To identify the key points for improving severe mater-
nal morbidity by analyzing pregnancy-related ICU admissions in 
Beijing.
Design: This was a retrospective, multicenter cohort study.
Setting: Three ICUs in tertiary hospitals in Beijing.
Patients: A total of 491 severe maternal cases in any trimester of 
pregnancy or within 42 days of delivery were reviewed between 
January 1, 2008, and December 31, 2016.
Interventions: None.
Measurements and Main Results: Among 491 obstetric ICU 
admissions (median Sequential Organ Failure Assessment score, 
2) out of 87,850 hospital deliveries (a frequency of 5.6 admis-
sions per 1,000 deliveries), the leading diagnoses were post-
partum hemorrhage (170; 34.62%), hypertensive disorders of 
pregnancy (156; 31.77%), and cardio-cerebrovascular diseases 
(78; 15.9%). Comparing 2008–2011 to 2012–2016, the rates of 
maternal mortality (2.5% vs 1.9%; p = 0.991) and fetal loss (8.5% 
vs 8.6%; p = 0.977) did not decrease significantly, whereas the 

rates of ICU admission (3.05% vs 7.85%; p trends < 0.001) and 
postpartum hemorrhage (23% vs 38.5%; p = 0.002) increased. 
Hypertensive disorder (150/156; 96.2% transferred to the ICU 
postpartum, 24/28 women with fetal loss transferred from lower-
level hospitals) was an independent maternal factor associated 
with fetal loss, and infections were the leading cause of maternal 
death (6/10) in the ICU.
Conclusions: Our study highlights the increasing rate of intensive 
care admissions for postpartum hemorrhage. Improving prenatal 
care quality for pregnancy-induced hypertension and sepsis at 
lower-level hospitals may improve maternal and fetal outcomes. 
Specifically, providing more effective regional cooperation before 
transfer and shifting patients who require continuous surveillance 
but not necessarily intensive care to a transitional ward in a tertiary 
hospital would provide more ICU beds for more prenatal intensive 
care for the most complex medical conditions. (Crit Care Med 
2018; 46:e1002–e1009)
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Although the maternal mortality ratio (per 100,000 live 
births) in China decreased from 141.7 to 17.2 between 
1990 and 2013 (1), severe maternal morbidity (SMM) 

still occurs in approximately 23 per 1,000 live births (2). 
Increases in maternal obesity (3), advanced maternal age due 
to the implementation of the two-child policy in China (4), 
multiple gestation pregnancies resulting from assisted repro-
ductive technology (5), and the number of cesarean deliver-
ies (6) make it likely that maternal mortality and SMM will 
continue to increase unless improvements to the perinatal care 
system are made.

Critical maternal care centers were established in Beijing 
before they were generalized to the whole country for the 
implementation of regional high-risk pregnancy care (7). 
Until recently, few relevant studies from China have focused 
on pregnancy-related ICU admissions (8–12); thus, we con-
ducted a multicenter study that included three tertiary aca-
demic centers with critical maternal care centers in Beijing and DOI: 10.1097/CCM.0000000000003355
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analyzed maternal ICU admissions to make recommendations 
for improving maternal outcomes in China.

MATERIALS AND METHODS
This retrospective cohort study was conducted in the ICUs of 
three hospitals in Beijing City, China, including Peking Uni-
versity Third Hospital, Peking University First Hospital, and 
Capital Medical University Affiliated Beijing Chao-Yang Hos-
pital. All three are academic hospitals with critical maternal 
care centers.

All women in any trimester of pregnancy or within 42 days of 
delivery who were admitted to any of the three ICUs for at least 24 
hours between January 2008 and December 2016 were reviewed, 
regardless of their reason for hospitalization (data from Capital 
Medical University Affiliated Beijing Chao-Yang Hospital from 
2008 to 2011 was missing and could not be counted).

The following data were recorded: demographic charac-
teristics; number of previous pregnancies; cesarean section 
history; mode of delivery; multiple births; ante/postpartum 
admission; diagnosis upon ICU admission; total maximum 
Sequential Organ Failure Assessment (SOFA) (13) score over 
the duration of the patient’s stay in the ICU, using the most 
abnormal value for each variable recorded; length of stay in the 
ICU and hospital; maternal death; fetal losses (fetal loss was 
recorded at any time, excluding induced or therapeutic abor-
tions and ectopic pregnancies); and the level of intervention 
provided in the ICU (mechanical ventilation [MV] and the 
number of days on MV, central venous catheterization, hemo-
filtration, and plasmapheresis). The complications recorded in 
the ICU were as follows: acute kidney injury (AKI) (14), heart 
failure (15), and respiratory failure, which was defined as a 
SOFA score of 3 or more points for respiration.

Acute diseases leading to ICU admission were categorized 
as obstetric and nonobstetric. As proposed by Vasquez et al 
(16), obstetric disorders were defined as disorders occurring 
only during pregnancy or the postpartum period (17, 18).

The overall frequency of ICU utilization, the case fatality 
rate, the maternal ICU mortality rate, the hospital maternal 
mortality rate, and the fetal loss rate were all calculated.

The present study was approved by the ethics committee, 
and all information obtained was used only to describe the 
patient population and for data analysis. Categorical vari-
ables are presented as numbers (%), and continuous variables 
are presented as mean ± sd or median (interquartile range) 
according to their distribution. Normal and nonnormal con-
tinuously distributed variables were compared using Student t 
test and the Mann-Whitney U test, respectively. The categori-
cal variables were compared using the chi-square test or Fisher 
exact test. A p value less than or equal to 0.05 was considered 
significant. The absolute rate difference (RD) with 95% CIs 
was estimated for diagnosis associated with ICU admission. 
The 95% CIs of the absolute RDs were calculated using the 
Newcombe-Wilson score method (19).

Bivariate analysis was performed to evaluate the maternal risk 
factors associated with fetal loss that were identified as significant 
(p of up to 0.05) in the univariate analysis using the chi-square 

test with continuity correction or Fisher exact test. The odds 
ratio (OR) and its respective 95% CI, defined as the exact range, 
were calculated. The multivariable models were built manually 
and included variables with a p value less than or equal to 0.05 
on the Wald test. All statistical analyses were conducted using the 
statistical package SPSS, Version 18.0 (SPSS Inc.: Chicago, IL).

RESULTS

Frequency of ICU Utilization
Within the 9-year study period (2008–2016), 87,850 deliveries 
occurred, and 491 women were admitted to the ICU during 
or after pregnancy. The average pregnancy-related ICU admis-
sion rate was 5.6 per 1,000 deliveries, and it increased from 
2008 to 2016 from 3.05 to 7.27 per 1,000 deliveries (p < 0.001). 
The rate peaked at 7.85 per 1,000 deliveries in 2012, decreased 
in 2013, and then increased in 2016 (Fig. 1).

Demographics of Pregnancy-Related ICU Admissions
Approximately 60% of the patients in our study were originally 
from referral centers, 19.6% were transferred to wards directly 
from another healthcare facility, and 39.3% were admit-
ted from the emergency department originally referred from 
another facility.

Overall, the median age of the women admitted to the ICUs 
was 30 years; 16.70% were older than 35 years (Table 1).The 
median gestation time was 35 weeks. Most of the patients were 
admitted during the postpartum period (92.26%), 20.8% had a 
history of cesarean section, and 86.8% had undergone cesarean 
deliveries. Nulliparous women comprised 44.6% of the ICU 
admissions, and women with a second child comprised 38.9% 
(Table 1). Forty-five cases of fetal loss in 43 women occurred 
in the study group. A total of 66.4% of the subjects were from 
urban areas. The median length of ICU stay was 2 days, and 
the median hospital stay was 11 days. The median SOFA score 

Figure 1. Rate of pregnancy-related ICU admissions, Beijing 2008–
2016. There was a significant difference over the 9-yr study period. 
*Overall trend test: p < 0.001.
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was 2, and 48.1% of the women had SOFA scores greater than 
or equal to 3.

Comparing 2008–2011 to 2012–2016, the percentage of 
women with advanced age (16.4% vs 16.8%; p = 0.916) and 
multiple births (4.9% vs 7.3%; p = 0.359) did not increase sig-
nificantly, whereas the rate of gestational diabetes increased to 
a near-significant degree (7.4% vs 14.1%; p = 0.051), and the 
proportion of women with a second child increased (31.1% vs 
41.5%; p < 0.05).

Diagnoses Associated With ICU Admission
Over the 9-year study period, the leading diagnoses associ-
ated with ICU admission were postpartum hemorrhage (PPH) 
(170/491), hypertensive disorders of pregnancy (156/491), 
and cardio-cerebrovascular diseases (78/491). Diseases with 
median SOFA scores greater than or equal to 3 points included 
acute fatty liver of pregnancy (8), amniotic fluid embolism (8), 
PPH (4), hypertensive disorders (3), systemic lupus erythema-
tosus (3), and cardiopulmonary arrest (3) (Table 2).

TABLE 1. The Demographics of Pregnancy-Related ICU Admissions From 2008 to 2011 and 
From 2012 to 2016

Variables Total 491 2008–2011, n = 122 2012–2016, n = 369 p

Sequential Organ Failure Assessment score, 
median (IQR)

2 (1–5) 2.5 (1.7–5.5) 2 (1–5) 0.211

 0, n (%) 112 (22.8) 24 (19.7) 88 (23.8)  

 1–2, n (%) 143 (29.1) 37 (30.3) 106 (28.7)  

 ≥ 3, n (%) 236 (48.1) 61 (50.0) 175 (47.4)  

Age > 35 yr, n (%) 82 (16.7) 20 (16.4) 62 (16.8) 0.916

Age, yr, median (IQR) 30 (27–34) 29 (26.8–33) 31 (27–34) 0.059

Gestational weeks, median (IQR) 35 (31–37) 35 (32–38) 35 (31–37) 0.194

Nullipara, n (%) 219 (44.6) 64 (52.5) 155 (42) 0.044

Women with a second child, n (%) 191 (38.9) 38 (31.1) 153 (41.5) 0.043

 Age, yr, median (IQR) 30 (27–34)    

 Age > 35 yr, n 38    

Multiple births, n (%) 33 (6.7) 6 (4.9) 27 (7.3) 0.359

Gestational diabetes, n (%) 61 (12.4) 9 (7.4) 52 (14.1) 0.051

History of cesarean, n (%) 102 (20.8) 14 (11.5) 88 (23.8) 0.003

Postpartum, n (%) 453 (92.3) 113 (92.6) 340 (92.1) 0.863

Cesarean section, n (%) 426 (86.8) 106 (86.9) 320 (86.7) 0.963

Urban residents, n (%) 326 (66.4) 76 (62.3) 250 (67.8) 0.269

Admission type, n (%)

 Emergency department 204 (41.6) 55 (45.1) 149 (40.4) 0.361

  Referral from lower-level hospitals referral 193 (39.3)    

 Hospital transfer towards directly 96 (19.6) 26 (21.3) 70 (19.0) 0.572

 Routine 191 (38.9) 41 (33.6) 150 (40.7) 0.167

Fetal losses, n (%) 45/524 (8.6a) 11/129 (8.5a) 34/395 (8.6a) 0.977

Maternal deaths in ICUs, n (%) 10 (2.0b) 3 (2.5b) 7 (1.9b) 0.991d

Maternal deaths in hospitals, n (%) 14/87,850 (15.9c) 3/26,453 (11.3c) 11/61,397 (17.9c) 0.174d

ICU length of stay, median (IQR) 2 (1–4) 3 (2–4.25) 2 (1–4) 0.454

Hospital length of stay, median (IQR) 11 (8–16) 11 (8–15.25) 11 (8–16) 0.735

IQR = interquartile range.
a Proportion based on the total number of fetal losses and live births.
b Maternal ICU mortality rate represents as proportion based on the total number of maternal ICU admissions and is expressed per 100 deliveries.
c Maternal mortality in hospitals represents as proportion based on the total number of hospital deliveries and is expressed per 100,000 deliveries.
d Represents continuity correction.
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TABLE 2. Diagnostic Conditions by Time of ICU Admission From 2008 to 2011 and From 
2012 to 2016

Variables
n = 491,  

n (%)

2008–2011, 
 n = 122,  

n (%)

2012–2016, 
n = 369,  

n (%)

Absolute Rate  
Difference %  

(95% CI) p

Deaths,  
n = 10,  
n (%)

Case  
Fatality 
Ratea

Sequential 
Organ Failure 
Assessment 

Score, Median 
(IQR)

Obstetric diagnosis 321 (65.4)        

 Postpartum hemorrhage 170 (34.6) 28 (23.0) 142 (38.5) –15.53 (–24.49 to –6.57) 0.002 4 (40) 2.4 4 (2–7)

  Placenta accreta 86 6 80  0.001    

  Placenta previa 60 4 56  0.011    

 Hypertensive disorders 156 (31.8) 38 (31.1) 118 (32.0) –0.83 (–10.33 to 8.67) 0.864 3 (30) 1.9 3 (2–5)

  Postpartum 150        

  Lower-level hospitals 117        

Acute fatty liver of pregnancy 20 (4.0) 8 (6.6) 12 (3.3) 3.31 (–1.45 to 8.06) 0.112 2 (20) 10 8 (5–10)

Amniotic fluid embolism 14 (2.9) 3 (2.5) 11 (3.0) –0.52 (–3.77 to 2.73) 0.764 1 (10) 7.1 8.5 (4.5–12.5)

Genitourinary infection 18 (3.7) 6 (4.9) 12 (3.3) 1.67 (–2.58 to 5.91) 0.396   2 (1–8)

Nonobstetric diagnosis 170 (34.6)        

 Cardio-cerebrovascular 
diseasesb

78 (15.9) 12 (9.8) 66 (17.9) –8.05 (–14.62 to –1.48) 0.035   2 (0–3)

 Pneumonia 23 (4.7) 11 (9.0) 12 (3.3) 5.76 (0.37–11.16) 0.009   2 (2–5)

 Pancreatitis 24 (4.9) 4 (3.3) 20 (5.4) –2.14 (–6.06 to 1.77) 0.342   2 (1–3.75)

 Surgical system 
diseases

23 (4.7) 6 (4.9) 17 (4.6) 0.31 (–4.08 to 4.70) 0.888 2 (20)  2 (0–3)

 Systemic lupus 
erythematosus

10 (2.0) 2 (1.6) 8 (2.2) –0.53 (–3.23 to 2.17) 1c 2 (20) 20 3 (1.5–8)

 Cardiopulmonary arrest 4 (0.8) 1 (0.8) 3 (0.8) 0.01 (–1.84 to 1.85) 1c   3 (3–7)

 Other (including 
ketoacidosis, tumor, and 
anaphylactic shock)

19 (3.9) 7 (5.7) 12 (3.3) 2.49 (–2.02 to 6.99) 0.217   0 (0–3)

Complications

 Other infections 91 (18.5) 22 (18.0) 69 (18.7) –0.67 (–8.56 to 7.23) 0.870    

 Acute kidney injury 134 (27.3) 34 (27.9) 100 (27.1) 0.77 (–8.39 to 9.92) 0.869    

  Continuous 
hemofiltration

25 7 18      

  Plasmapheresis 17 7 10      

 Respiratory failure 95 (19.3) 32 (26.2) 63 (17.1) 9.16 (0.46–17.86) 0.026    

 Heart failure 84 (17.1) 18 (14.8) 66 (17.9) –3.13 (–10.54 to 4.28) 0.426    

Invasive procedure

 Tracheal intubation 196 (39.9) 37 (30.3) 159 (43.1) –12.76 (–22.36 to –3.17) 0.013    

 Mechanical ventilation 
time (d)

1 (1–3) 2 (1–3) 1 (1–2)  0.635    

 Central venous 
catheterization

176 (35.8) 41 (33.6) 135 (36.6) –2.98 (–12.70 to 6.74) 0.552    

Total infections 123 (25.0) 35 (28.6) 88 (23.8) 4.84 (–4.28 to 13.97) 0.285 6 (60) 4.9 3 (2–7)

IQR = interquartile range.
a Number of deaths due to principal diagnosis divided by the total number of women admitted to the ICU for the same diagnosis.
b Cardio-cerebrovascular diseases, including rheumatic heart disease, hypertensive heart disease, hypertrophic cardiomyopathy, congenital heart disease, and 
cerebrovascular diseases.

c Represents continuity correction.
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The cause-specific rate of pregnancy-related ICU admis-
sions significantly increased for PPH (23.0–38.5%; p = 0.002) 
and cardio-cerebrovascular diseases (9.8–17.9%; p = 0.035) 
and decreased for pneumonia (9.0–3.3%; p = 0.009), but did 
not change significantly for other diagnoses (Table 2).

PPH (170/491; 34.62%) was the main reason for ICU 
admission (Table 2). Placenta accreta (86/170) and placenta 
previa (60/170) accounted for 50.6% and 35.29% of PPH 
cases, respectively, and occurred concurrently in 56 women. 
Over the 9-year study period, the number of PPH cases caused 
by placenta accreta and placenta previa increased significantly 
(80/142, 56.3% vs 6/28, 21.4%; p < 0.05 and 4/28, 39.4% vs 
56/142, 14.3%; p < 0.05, respectively) (Table 2).

Complications and Invasive Operations Upon ICU 
Admission
The most common end-organ injuries among the obstetric 
patients who received intensive care were AKI (27.3%), with 
25 cases of continuous hemofiltration and 17 cases of plas-
mapheresis; respiratory failure (19.3%); and heart failure 
(17.1%). The rate of tracheal intubation increased signifi-
cantly over the study period (30.3% vs 43.1%; p = 0.013); in 
most cases, intubation was not performed because of respi-
ratory failure but for general anesthesia in the operating 
room. Respiratory failure decreased (26.2–17.1%; p = 0.026) 
over the study period.

Maternal Mortality Rate and Fetal Loss
The overall maternal mortality rates were 2.0 per 100 
obstetric patients admitted to the ICU and 15.9 per 100,000 
hospital deliveries. The fetal loss rate was 8.6 per 100 births. 
During the periods from 2008 to 2011 and from 2012 to 
2016, no significant differences were found regarding the 
ICU or hospital maternal mortality rates (2.5 per 100 
deliveries to 1.9 per 100 deliveries in ICUs; p = 0.991 and 
11.3 per 100,000 deliveries to 17.9 per 100,000 deliveries 
in hospitals; p = 0.174) (Table 1). There were 14 maternal 
deaths at the three hospitals. Ten women died in the ICU. 
Infections (6/10, including four nonobstetric severe sepsis 
cases sent by referral that were not unique to pregnancy or 
postpartum; these included one gastrointestinal perfora-
tion, one necrotic infection of the limbs, and two cases of 
severe pneumonia) and PPH (4/10) were the leading causes 
of maternal death. Another four women died outside the 
ICU; one died in the emergency ward due to pulmonary 
hypertension, two died in the obstetrics ward due to rup-
ture associated with aortic dissection and amniotic fluid 
embolism, and one died in the neurology ward due to sub-
arachnoid hemorrhage.

The rate of fetal loss did not decrease over the study period 
(8.5% vs 8.6%; p = 0.977) (Table 1). Binary logistic analysis 
showed that hypertensive disorders of pregnancy represented 
an independent maternal risk factor for fetal loss (Table 3). 
The adjusted OR values (< 1) of the nulliparous women and 
those admitted by the routine service indicated that women 
with these two characteristics had a lower risk of fetal loss.

DISCUSSION
The improvement of perinatal care worldwide has focused 
on decreasing maternal morbidity and mortality (20–22). In 
China, unlike the maternal care levels designated in the United 
States (23), maternal care has been provided among primary, 
secondary, and tertiary hospitals according to risk levels (indi-
cated by the colors green, yellow, orange, red, and purple) since 
2017 (24). ICU beds for critically ill obstetric patients have 
been required since 2017 at secondary and tertiary hospitals 
with critical maternal care centers, where physicians use the 
most advanced technology (7). Maternal ICU admission is rec-
ognized as an indicator of the SMM (25–27).

The ICU admissions of mothers with advanced age and 
multiple births did not increase significantly, possibly due 
to reduced enthusiasm for a second child among women of 
advance aged, economic burdens (28), and less access to 
assisted reproductive technology facilities per citizen (29). The 
nearly significant increase in the ICU admission of women 
with gestational diabetes is recognized as a risk related to obe-
sity (30), indicating the urgent need to give more attention to 
controlling excessive weight gain.

We observed an increased frequency of maternal ICU 
admissions and a greater frequency of ICU utilization than 
other reports (5.6 vs international reports of 2.7 per 1,000 
deliveries) (27), excluding the study by Oud (31) (39 per 1,000 
pregnancy-associated hospitalization-years). This increasing 
frequency appeared to be due in part to the growth in the diag-
nosis of PPH cases, especially the increase in placenta accreta.

 The increased frequency of PPH is consistent with the find-
ings reported for high-resource countries (32–37). It is possible 
that the pursuit of admission for the advanced perioperative 
management of placenta accreta at Peking University Third 
Hospital led to the higher proportion of placenta accreta-
related PPH compared with other reports (38).

Despite the lower ICU maternal mortality rate (2% vs 3.4%) 
(27) in our study, which, as Chantry et al (39) indicated, may 
reflect a lower threshold for ICU admission (considering that 
112/491 women had a SOFA score = 0), the three academic 
hospitals included in this study had higher maternal mortal-
ity rates overall compared with developed countries (15.9 vs 
12.1 per 100.000 deliveries) (1), which indicates that greater 
efforts must be made to improve maternal outcomes in China. 
Strengthening perinatal care for infections, which were the 
leading cause of maternal mortality in our study, is a challenge. 
Although sepsis does not rank among the top three causes 
of maternal death worldwide (which are major hemorrhage, 
abortion, and pregnancy-related hypertensive disorders) 
(1), the rate of growth in pregnancy-associated severe sepsis 
(236%) over the past decade (40) is alarming. The increasing 
mortality rate from sepsis (41–43) shows that obstetric patients 
with sepsis should be given medical advice quickly and should 
be subject to heightened clinician vigilance to facilitate early 
diagnosis and timely and effective intervention. Three out of 
four nonobstetric severe sepsis-related deaths in our study 
may have been preventable with intensive prenatal care at the 
hospitals where they were initially treated, more timely risk 
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assessment, and more timely transfer to tertiary hospitals with 
the capacity to provide critical maternal care. More attention 
should be paid to the implementation of sepsis bundles before 
a referral, and effective regional cooperation between obstetri-
cians at lower-level hospitals and experts at tertiary hospitals, 
including obstetricians, ICU physicians, surgeons, and anes-
thesiologists, should be strengthened.

We found that hypertensive disease of pregnancy was a risk 
factor for fetal loss, and Allen et al (44) mentioned it as a risk 
factor for stillbirth. Despite the increased rate of maternal admis-
sions, the admission rate for hypertensive disease of pregnancy 
remained unchanged. The majority of women with fetal loss 
(24/28) related to hypertensive disorder were initially cared for 
at lower-level hospitals, and the lower admission rates during the 

TABLE 3. Variables That Were Independently Associated With Fetal Loss in 491 Obstetric 
ICU Cases

Variables

Women With 
Fetal Loss,  

n = 43a,  
n (%)

Women With 
Live Birth,  
n = 448,  

n (%)

OR (95% CI)c

Absolute Rate  
Difference %  

(95% CI)b Unadjusted p Adjustedd p

Age > 35 5 (11.6) 77 (17.2) 4.64  
(–5.56 to –15.78)

0.634  
(0.242–1.663)

0.350   

Irregular prenatal care 20 (46.5) 119 (26.6) 35.41  
(19.95–4.48)

2.404  
(1.274–4.536)

0.006 1.472  
(0.722– 3.000)

0.288

Gestational weeks 35 (32–37) 35 (31–37)   0.785   

Nulliparas 13 (30.2) 206 (46.0) –1.27  
(–15.75 to –30.23)

0.509  
(0.259–1.002)

0.047 0.460  
(0.226–0.936)

0.032

Women having second 
child

21 (48.8) 170 (37.9) 26.49  
(10.89 to –4.71)

1.561  
(0.833–2.924)

0.162   

Multiple births 2 (4.7) 31 (6.9) –2.557  
(–9.61 to 4.50)

0.656  
(0.152–2.841)

0.804e   

Rural residents 22 (51.2) 143 (31.9) 34.80  
(19.24–3.69)

2.234  
(1.190–4.196)

0.011 1.599  
(0.791– 3.233)

0.191

Emergency department 27 (62.8) 177 (39.5) 38.42  
(23.28–8.14)

2.584  
(1.353–4.933)

0.003 1.007  
(0.460–2.201)

0.987

Hospital transfer 11 (25.6) 85 (19.0) –1.90  
(15.71–29.53)

1.468  
(0.711–3.030)

0.297   

Routine service 5 (11.6) 186 (41.5) –2.12  
(–15.93 to –29.75)

0.185  
(0.072–0.480)

0.000 0.243  
(0.079–0.750)

0.014

Hypertensive disorders 28 (65.1) 128 (28.6) 51.39  
(36.54–21.70)

4.667  
(2.413–9.027)

0.000 3.495  
(1.759–6.945)

0.000

 Lower-level hospitals 24 93      

Acute fatty liver of 
pregnancy

1 (2.3) 19 (4.2) 2.96  
(–1.92 to –6.79)

0.538  
(0.070–4.117)

0.839e   

Cardio-cerebrovascular 
diseases

5 (11.6) 73 (16.3) 5.51  
(–4.67 to –14.84)

0.676  
(0.257–1.775)

0.424   

Pancreatitis 4 (9.3) 20 (4.5) 13.73  
(4.84 to –4.05)

2.195  
(0.714–6.744)

0.301e   

Diabetes 4 (9.3) 57 (12.7) 5.79  
(–3.42 to –12.63)

0.704  
(0.242–2.043)

0.516e   

Hypothyroidism 1 (2.3) 17 (3.8) 3.37  
(–1.47 to –6.31)

0.604  
(0.078–4.649)

0.948e   

OR = odds ratio.
a There were 45 fetal losses in 43 women admitted to ICUs.
b The 95% CIs of the absolute rate differences were calculated using the Newcombe-Wilson score method.
c ORs were derived from logistic regression.
d All significant factors in the univariable analysis were included in the multivariable logistic regression model.
e Represents continuity correction.
Significant values are in bold.
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antepartum period at the three tertiary hospitals compared with 
other studies (45, 46) hints at the need to improve the quality of 
prenatal care for hypertensive disease of pregnancy at lower-level 
hospitals and to address the paucity of ICU beds for obstetrical 
patients with SMM in tertiary hospitals. Deficiencies in the close 
follow-up of specific maternal conditions prior to admission for 
labor and birth, incompetence in caring for complicated condi-
tions, and failure to identify the proper time for transfer to higher-
level maternal care are pertinent issues in lower-level hospitals. 
A team of family physicians available as needed for consultation 
onsite, by phone (as Su et al [47] designed), or by telemedi-
cine should be established to improve the quality of care before 
admission for labor and birth to strengthen continuous care for 
women with complicated conditions. As one of the top aims of 
intensified national healthcare reform in 2017 (48), reducing the 
differences between lower-level hospitals and tertiary hospitals 
by optimizing the distribution of medical resources is important 
to decrease SMM in China. Under these circumstances, tertiary 
hospitals with critical maternal care centers should provide edu-
cational and consultation functions for lower-level hospitals to a 
greater extent, even providing training for quality improvement 
initiatives as specified in the functions of level IV maternal cen-
ters in the United States (23). With the implementation of risk 
assessment and networks for SMM surveillance (49), early risk 
assessment (50, 51), and timely transfer to risk-appropriate hos-
pitals (52–54) would play key roles in improving maternal and 
fetal outcomes. In tertiary hospitals, women who require con-
tinuous surveillance but not necessarily intensive care should be 
shifted to a transitional ward to provide more ICU beds for pre-
natal intensive care for the most complicated cases (i.e., women 
with hypertensive diseases of pregnancy and a SOFA score ≥ 2).

CONCLUSIONS
Our study highlights the increasing role of PPH in ICU admis-
sions. Improving prenatal care quality for pregnancy-induced 
hypertension and sepsis at lower-level hospitals may improve 
maternal and fetal outcomes. Specifically, providing more 
effective regional cooperation before transfer and shifting 
patients who require continuous surveillance but not neces-
sarily intensive care to a transitional ward in a tertiary hospital 
would provide more ICU beds for more prenatal intensive care 
for the most complex medical conditions.
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