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The ICU Is Becoming a Main Battlefield for Severe
Maternal Rescue in China: An 8-Year Single-Center

Clinical Experience

Liu Yuqi, MD; Guoliang Tan, MD; Shang Chengming, MD; Sun Xuri, MD

Objectives: To review the characteristics of and to identify the rea-
sons for severe maternal admissions to the ICU.

Design: This was an analytical, observational, open, and retro-
spective study.

Setting: In our ICU.

Patients: A total of 487 severe maternal cases were reviewed dur-
ing the 8-year study period of January 2009 to December 2016.
Intervention: None.

Measurements and Main Results: A total of 487 severe maternal
cases (12.6%) among the 3,867 patients admitted to ICU were
reviewed. Of these, 361 patients were admitted for obstetric
reasons, mainly pregnancy-induced hypertension (568.7%) and
postpartum hemorrhage (36.8%). The remaining 126 patients
were admitted for nonobstetric reasons, including cardiac-related
disease (31.0%), immune-related disease (24.6%), and sepsis
(20.6%). A total of 249 patients experienced combined comor-
bidities: the most common was a scarred uterus (100 patients;
40.2%), followed by endocrine-related disease (25.3%), immune-
related disease (21.3%), and cardiac-related disease (18.1%).
Central venous insertion (90.6%) was the most common interven-
tion, followed by arterial catheter insertion (33.7%), mechanical
ventilation (11.7%), blood purification (5.7%), and invasive hemo-
dynamic monitoring (3.7%). Nine patients died during the study
period, of which the death of four could have been avoided.
Conclusions: The number of severe maternal cases has increased
annually in our ICU. Although obstetric causes remained the most
common reason for admission, the nonobstetric causes and basic
complications were too complex, dangerous, and beyond the reach
of the obstetrician with regard to monitoring and treatment. We call
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for a multidisciplinary team mainly composed of ICU staff to improve
severe maternal outcomes. (Crit Care Med 2017;45:e1106—e1110)
Key Words: intensive care unit; multidisciplinary team; severe
maternal

aternal mortality is an important quality assurance indi-

l \ / I cator of basic healthcare and an indicator of the level of

development of a country. China has made substantial

progress in reducing maternal mortality over recent decades: the

maternal mortality rate (MMR) has reduced from 80.0 per 100,000

live births in 1991 to 24.5 per 100,000 in 2012 (1). However, the

absolute number of maternal deaths remains high because of Chi-

na’s big population base. In addition, it is very difficult to reduce
the MMR because of disparate regional economic conditions.

In recent years, an increasing number of severe maternal
(SM) patients have been admitted to our unit mainly for two
reasons. First, the progress made in intensive medicine, repro-
ductive medicine, and other related clinical specialties has led to
many women with comorbidities such as heart disease, diabe-
tes, hypertension, lupus erythematosus, and kidney dysfunction
being squeezed into the crowd of high-risk pregnancy groups;
this has led to an increase in the number of cases and severity
of SM. In addition, the spectrum of SM has changed, and the
challenges of the disease are now beyond the scope of the skills
of obstetric specialists. Second, the changing population policy
in China has made the situation of SM rescue worse. Since the
early 1970s, the Chinese government has implemented a family
planning policy beginning with only one child per couple; it was
not until 2014 that two children for partial couples were permit-
ted, and it was not until 2016 that two children were permitted.
There were too many women 35 years old or older who were
eager to have a second baby, and many of these had a history
of abuse of cesarean delivery. This means that severe complica-
tions, both obstetric and nonobstetric, have increased.

The ICU is becoming a main battlefield for SM rescue in
China. Therefore, we performed a retrospective analysis on SM
in the last 8 years (from January 2009 to December 2016) in
our unit. The results led us to call for a multidisciplinary team
(MDT) mainly composed of ICU staff to reduce the MMR.
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MATERIALS AND METHODS

This is a descriptive study of consecutive obstetric patients admit-
ted to the ICU of The Second Clinical Hospital of Fujian Medical
University of China from January 2009 to December 2016. Our
ICU was a 10-bed closed unit in 2009, and 18 beds were added
from 2012; it admits ~500 patients annually. We bear the regional
rescue work of SM and account for above 10 million inhabitants.

A total of 487 women in our ICU at any time of pregnancy
or within 42 days of termination of pregnancy were analyzed,
regardless of the reason for hospitalization. All the patients
remained in the ICU for at least 24 hours, and their baseline
data were collected by the Medical Records Department. The
admission books of the ICU were also used to obtain more
detailed information. All data of patients were checked by
three doctors to reduce mistakes.

The following data were recorded: demographic characteris-
tics; medical history; pregnancy-related situations; mode of deliv-
ery; entry status and time; Acute Physiology and Chronic Health
Evaluation (APACHE) II score (2); length of ICU stay; and the
number of hysterectomies, stillbirths, and maternal deaths. The
main obstetric reasons for ICU admission included postpartum
hemorrhage, pregnancy-induced hypertension (PIH), amni-
otic fluid embolism, ruptured ectopic pregnancy, antepartum
hemorrhage, and puerperal infection. The main nonobstetric
reasons for admission were sepsis, cardiac-related disease, endo-
crine-related disease, immune-related disease, asthma, trauma,
renal-related disease, pancreatitis, and cerebrovascular accident.
Obstetric disorders were defined as specific pregnancy-related
conditions that occurred during pregnancy or in the first 42 days
of the postpartum period. Nonobstetric conditions were defined
as all other conditions that were not specifically pregnancy
related. Any comorbidities (viral hepatitis type B carriers were
not included) that led to ICU admission and main operations
such as cardiopulmonary resuscitation (CPR), central venous
catheter insertion, arterial catheter insertion, mechanical ventila-
tion, blood purification, and invasive hemodynamic monitoring,
as well as maternal deaths, were recorded and analyzed.

The following rules were used in collecting data: good health
in the past means no basic disease before pregnancy, including
no scarred uterus. The main reason for ICU admission was
considered according to the following rules when several dis-
eases coexisted: the priority sequence was eclampsia, postpar-
tum hemorrhage, severe preeclampsia, and basic diseases. With
regard to data regarding comorbidities for ICU admission, 18
women had two or more comorbidities, and all these compli-
cations were recorded at the same time.

The present study was approved by the ethics commit-
tee, and all information obtained was used only to describe
the patient population and for data analysis. The results were
expressed as numbers and percentages or means + sps.

RESULTS

A total of 487 obstetric patients were admitted to the ICU dur-
ing the study period, which represented 12.6% of the total ICU
admissions and 1.6% of the total maternal in our hospital. The
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basic characteristics of the 487 patients are shown in Table 1.
Most came from rural areas (72.3%; 352/487) and received reg-
ular antenatal care before admission (84.8%; 413/487). A total
of 238 patients enjoyed good past health (48.9%; 238/487), and
199 patients were admitted to the ICU under emergency condi-
tions (40.9%; 199/487). The entry time was mainly in the post-
partum period (88.1%; 429/487), and the most common mode
of delivery was cesarean (93.2%; 455/487). Sixteen patients
(3.3%; 16/487) underwent a hysterectomy; there were 49 still-
births (10.1%; 49/487), and nine patients (1.8%; 9/487) died.

TABLE 1. Patient Characteristics From 2009
to 2016

Characteristics

Maternal age at delivery (yr), mean 29.1+173 (16-47)

Region (n = 487), %

Urban 135 (27.7)

Rural 352 (72.3)
Medical history (n = 487), %

Good past health 238 (48.9)

Comorbidity 249 (51.1)

Pregnancy related (n = 487), mean
Gravidity 28+1.6;2(1-8)
1.8+1.1;1(0-4)

33.0+125;(6-44)

Parity
Weeks of gestation (wk)
Antenatal care (n = 487), %

Regular 413 (84.8)

Irregular 74 (15.2)
Mode of delivery (n = 487), %

Vaginal 32 (6.8)

Cesarean 455 (93.9)
Entry status (n = 487), %

Elective admission (booked before 288 (59.1)

admission to ICU)

Emergency admission 199 (40.9)
Entry time (n = 487), %

Antepartum 58 (11.9)

Postpartum 429 (88.1)

Acute Physiology and Chronic Health 9.8+5.6 (4-18)

Evaluation Il score

Length of ICU stay, d 4.1+39 (2-27)

Hysterectomy, n (%) 16 (3.3)
Stillbirth, n (%) 49 (10.1)
Maternal deaths, n (%) 9(1.8)
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Most patients were admitted for obstetric reasons (74.1%;
361/487), of which PIH was the most common (58.7%;
212/361), followed by postpartum hemorrhage (36.8%;
133/361) that was caused by uterine atony (38.3%; 51/133),
placenta accrete (24.1%; 32/133), placenta previa (14.3%;
19/133), coagulation disorders (6.8%; 9/133), and other rea-
sons (16.5%; 22/133) such as birth canal injury and uterine

rupture. One hundred twenty-six patients (25.9%; 126/487)
were admitted for nonobstetric reasons, most of which were
cardiac-related disease (31.0%; 39/126), followed by immune-
related disease (24.6%; 31/126) and sepsis (20.6%; 26/126)
(Table 2).

Table 3 shows the basic comorbidities at ICU admission
from 2009 to 2016. Among the 249 patients with combined

TABLE 2. Main Reason for ICU Admission From 2009 to 2016

2009
No. of patients (n = 487) 28
Obstetric (n=361; 74.1%) 21
Nonobstetric (n = 126; 25.9%) 7
Obstetric (n=361) 21
Postpartum hemorrhage (n = 133; 36.8%)
Uterine atony
Placenta accreta 1
Placenta previa 2
Coagulation disorders 1
Others 2
Pregnancy-induced hypertension (n = 212; 58.7%) 15
Preeclampsia 12
Eclampsia 3
Hemolytic anemia, elevated liver function and 6
low platelet count syndrome
Other reasons (n = 16; 4.4%) 0
Nonobstetric (n = 126) 7
Sepsis (n = 26; 20.6%) 1
Cardiac related (n = 39; 31.0%) 2
Chronic rheumatic heart disease 0]
Congenital heart disease 2
Other heart disease 0
Endocrine related (n = 10; 7.9%) 0
Hyperthyroidism 0
Hypothyroidism 0
Diabetes 0
Immune related (n = 31; 24.6%) 3
Thrombopenia 3
Systemic lupus erythematosus 0
Asthma (n = 1; 0.8%) 0
Trauma (n = 4; 4.0%) 0
Renal related (n = 6; 4.8%) 1
Pancreatitis (n = 7; 5.6%) 0

Cerebrovascular accident (n = 2; 1.6%)

2010 2011 2012 2013 2014 2015 2016 All
48 48 65 53 85 69 91 487
3 30 53 40 54 b4 71 361
10 18 12 13 31 15 20 126
3 30 B3 40 b4 b4 71 361
9 4 19 13 25 22 35 133
3 6 3 8 9 15 51

1 0 3 4 5 5 13 32
0 1 4 4 4 2 2 19
1 1 2 1 1 2 9
0 5 0 7 5 3 22
28 23 31 o5 927 29 34 212
23 15 26 21 24 20 29 170
8 5 4 3 9 5 42

10 11 8 15 8 16 82

1 3 3 2 2 3 2 16
10 18 12 13 31 15 20 126
1 9 3 4 2 5 96
7 5 4 2 10 ) 7 39
2 0 ) 0 0 3 13
5 3 1 2 3 1 4 18
3 2 1 0 1 1 0 8
0 0 1 1 2 3 3 10
0 0 1 0 0 1 0 9
0 0 0 0 0 0 0 0
0 0 0 1 2 5 3 8
2 4 3 3 10 4 2 31
1 2 2 2 9 4 2 92

1 2 1 1 1 0 0 6
0 0 0 0 0 1 0 1
0 3 0 0 0 1 0 4
0 3 0 1 0 0 1 6
0 0 0 2 1 2 2 7
0 1 1 0 0 0 0 2
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comorbidities, 100 (40.2%; 100/249) had a scarred uterus; the
next most common comorbidities were endocrine-related dis-
ease (25.3%; 63/249), immune-related disease (21.3%; 53/249),
and cardiac-related disease (18.1%; 45/249). All 249 patients

with postpartum hemorrhage and PIH are listed in Table 3.
Central venous insertion (90.6%; 441/487) was the most
common intervention in all patients, followed by arterial
catheter insertion (33.7%; 164/487), mechanical ventilation
(11.7%; 57/487), blood purification (5.7%; 28/487), and
invasive hemodynamic monitoring (3.7%; 18/487). Four
patients required CPR, of which one survived, two died, and
one was in a vegetative state (Table 4). Nine mothers died
during the study period; their basic data are listed in Table 5.

DISCUSSION

Although this is a single-center study, we were still able to observe
the clinical characteristics of SM. This group was derived from
a higher percentage of rural patients, some of whom failed to

TABLE 3. Basic Comorbidities for ICU
Admission From 2009 to 2016

Combined
All Combined Pregnancy-
Patients, (n = 249; Comorbidities, Postpartum Induced
51.1%; 249/487) (n=272) Hemorrhage Hypertension
Cardiac related 45 (18.1%; 1 5
45/249)
Chronic 16 1 1
rheumatic
heart disease
Congenital heart 19 0 4
disease
Other heart 10 0 0
disease
Endocrine related 63 (25.3%; 8 23
63/249)
Hyperthyroidism 13 6 5
Hypothyroidism 25 4 21
Diabetes 25 6 11
Immune related 53 (21.3%; 7 15
53/249)
Thrombopenia 33 5 3
Systemic lupus 15
erythematosus
Thalassemia 4 2 2
Myasthenia 1 0 1
Asthma 2 (0.8%; 0 1
2/249)
Renal related 9 (3.6%; 0 3
9/249)
Scarred uterus 100 (40.2%; 45 35
100/249)
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TABLE 4. Main Operations Performed in the
ICU From 2009 to 2016

No. of Patients (n = 487) n (%)

Cardiopulmonary resuscitation 4 (0.8)
Central venous insertion 441 (90.6)
Arterial catheter insertion 164 (33.7)
Mechanical ventilation 57 (11.7)
Blood purification 28 (5.7)
Hemodynamic monitoring (invasive) 18 (3.7)

attend regular antenatal examinations and often came to the
hospital in an emergency situation in a very dangerous state.
Therefore, the government should adopt more effective inter-
ventions to improve patient prenatal management in rural areas.

The APACHE II score of this group of patients was not high, but
this does not mean that their illness was not serious. Patient age,
electrolyte disorders, and the infection index tended to be lower in
SM patients. However, liver enzymes and the platelet index are not
included in the APACHE II scoring system; therefore, we think that
the routine use of the APACHE II score in the ICU does not reflect
the severity of SM. Obstetric patients are a particularly unique
cohort for physicians. These patients are young and otherwise
healthy; their management is challenged by concerns for fetal viabil-
ity, altered maternal physiology, and diseases specific to pregnancy
(3). Young physicians are easily misled by a low APACHE 1I score
and can underestimate the severity of the illness. As such, there is a
need for another scoring system that is suited for a SM condition.

A cross-sectional study performed by the World Health
Organization from May 1,2010, to December 31,2011, showed that
7.3% women had potentially life-threatening disorders and 1.0%
developed a SM outcome (SMO; i.e., maternal death or maternal
near miss). In addition, 26.7% of the women with an SMO had
postpartum hemorrhage and 25.9% had preeclampsia or eclamp-
sia; the cardiovascular, respiratory, and blood coagulation systems
were the most frequent organ dysfunctions in women with an SMO
(4). In the current study, PIH accounted for 43.5% (212/487) of the
overall cases of SM, and postpartum hemorrhage accounted for
27.3% (133/487). It is worth noting that there was an increasing
annual trend in placenta accreta, especially after the introduction
of the population policy of two children for partial couples in 2014.
We hypothesize that this is closely related to the abuse of cesarean
section in over 40 years of the one-child policy in China.

Although nonobstetric disease was the second reason for
admission to the ICU, it was too complex so that it needed
more advanced means of monitoring and treatment. The
patients with nonobstetric disease should be treated using
an MDT mainly composed of ICU staff rather than obstetri-
cians because of the limited experience of obstetricians. We
also noticed that patients being admitted to the ICU because
of diabetes and pancreatitis has increased in the last 4 years.
In addition, most of the pancreatitis cases in this group were
caused by hyperlipidemia, including women combined with
both stillbirth and life-threatening ketoacidosis (5). Nutrition
e1109
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TABLE 5. The Reasons for Maternal Death From 2009 to 2016

No. Age ICU Days Diagnosis

Patient 1 36 8

Patient 2 38 1
Patient 3 21 4

Eclampsia
Amniotic fluid embolism

Preeclampsia
Hyperthyroidism crisis

Patient 4 35 6 Postpartum hemorrhage

Patient 5 16 16
Patient 6 23

Pyonephrosis

and low platelet count syndrome
Patient 7 22 16
Patient 8 29 4
Patient 9 27 14

Epidemic hemorrhagic fever
Acute fatty liver of pregnancy

Amniotic fluid embolism

Hemolytic anemia, elevated liver function

Avoidable?
Reason for Death Year (Yes/No)
Asphyxia because of vomit 2009 Yes
MODS 2011 No
MODS 2012 No
Central respiration and 2012 Yes
circulatory failure
MODS 2013 Yes
Acute pulmonary embolism 2014 No
MODS 2014 No
MODS 2016 Yes
MODS 2016 No

MODS = multiple organ dysfunction.

equilibrium and blood glucose monitoring during pregnancy
should be considered.

There were 100 scar uterus cases in this group, of which 45
patients also experienced postpartum hemorrhage and some
required a hysterectomy. We believe that the occurrence of scar
uterus will increase after the 2016 policy of two children in China,
which will increase the proportion of postpartum hemorrhage
caused by placenta accreta and placenta previa. Although endo-
crine diseases were the fourth main reason for ICU admission
among nonobstetric diseases, they were the leading cause of
basic complications after scar uterus and led to a high risk of
obstetric complications, especially in patients with hypothyroid-
ism. Women with underlying indirect causes had a significantly
increased risk of obstetric complications and SMO (6).

Nine patients died during the study period, of which we believe
that the death of four patients could have been avoided. The first
fatality was caused by PTH, when eclampsia occurred and a large
amount of vomitus was drawn into the lung. The patient required
CPR and died after 1 week. We think that the patient’s death could
have been avoided if we had given her gastrointestinal decompres-
sion earlier. The fourth patient who died suffered a postpartum
hemorrhage because of birth canal injury and subsequent cardiac
arrest during transfer to the hospital. We think that her death was
due to the obstetrician’s grassroots surgical technique and lack of
experience in emergency hemorrhage rescue. The fifth fatality was
a 16-year-old patient with pyonephrosis; she had sepsis shock and
multiple organ dysfunction (MODS) because the surgeon did not
remove the source of infection in a timely manner. The eighth fatal-
ity was acute fatty liver combined with MODS. Her family refused
further treatment and insisted that she leave the hospital; she died
after 2 days. To a certain extent, patients 5 and 8 died due to poor
economic conditions. A systematic analysis of the global burden of
disease in 2013 (7) showed that the accelerated decreases in mater-
nal mortality coincided with the increased availability of assistance
for the mother. It is important that the relief policies for SM are
more widely and effectively disseminated and implemented.
e1110
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Our unit carried out the clinical pathway on PIH since
2010, which improved medical quality (8). In our ICU, the
number of SM cases has tended to increase annually. We think
that the most important reason for this, in addition to the
development of related disciplines and the change in popula-
tion policy, it that ICU doctors gave obstetricians more coop-
eration and confidence for transferring SM cases to the ICU.
Therefore, We call for an MDT mainly composed of ICU staff
to reduce MMR.
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