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Introduction

High-risk pregnancy increases with increased maternal age, 
pregnancies resulting from assisted reproductive technology, 
and pregnancies complicated by chronic medical conditions 
[1,2]. To lower the risk, admission of obstetric patient to in-
tensive care unit (ICU) is expanding. Admission rate to ICU 
may be considered as an objective indicator of pronounced 
maternal morbidity [3-5]. The percentage of pregnant or pu-
erperal women who require ICU admission was reported as 
0.7%–13.5% in previous studies with large variation among 
different countries and institutions [6], while ICU admission of 
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parturients in developed countries was reported as less than 
2% although it reach up to higher than 10% in developing 
countries [7-10]. Since the majority of studies on ICU-admit-
ted parturients were conducted in the Western countries, we 
lack understanding of Eastern Asian subjects including those 
from our country.

Maternal mortality ratio (MMR) or maternal mortality rate 
are important indicators of obstetric care. National survey on 
maternal mortality in Korea started in 1995 [2,11] and MMR 
of Korea has been steadily decreased from 20 per 100,000 
live births in 1995 to 8.4 in 2008 which came down close to 
the average of Organization for Economic Cooperation and 
Development countries [11]. However, there was some in-
crease in following years up to 17.2 of MMR in 2012 and re-
mained in range of 10–11 in the recent 4 years [1,12]. There-
fore, any kind of efforts in medical or social aspect to further 
decrease maternal mortality is continuously needed.

We consider that identifying indication and characteristics 
of obstetric patients admitted to the ICU can be a vital mean 
to decrease MMR. Here, we investigated all pregnant or pu-
erperal women admitted to the ICU of a tertiary care center 
over 22-year period and compared the clinical characteristics 
based on time period and place of delivery. We also tried to 
evaluate clinical utility of acute physiology and chronic health 
evaluation (APACHE) score, which has been frequently used 
to assess ICU patients [13], in relation to maternal mortality in 
obstetric patients admitted to the ICU. These data will provide 
a better understanding of clinical profile of this unique ICU 
population and help us to determine the utility of the ICU ad-
mission criterion as an indicator of severe maternal morbidity.

Materials and methods

A retrospective observational study was conducted on preg-
nant or puerperal patients admitted to the ICU in our institu-
tion, a tertiary referral hospital located in Seoul, Korea. The 
subject population included patients who were pregnant at 
any gestational age or postpartum within 6 weeks, admitted 
to the ICU of our institution after delivery either in our institu-
tion or in local hospitals. The study period was about 22 years 
from September 1994 to October 2015. The study population 
was divided into 2 groups each by two criteria; by time period 
(period 1: 1994–2004; period 2: 2005–2015) and by place of 
delivery (our institution and local hospitals). Time period was 

divided arbitrarily into 11 equal years.
All data were collected by reviewing of individual medical 

records. Research data included patient demographics, parity, 
gestational age at delivery, number of fetus, mode of deliv-
ery, place of delivery, APACHE II score at ICU admission, time 
taken from delivery to ICU admission, duration of hospital 
stay, duration stay at ICU, primary cause of ICU admission, 
hysterectomy, embolization, and mortality. The APACHE II 
score is calculated by adding points of acute physiology score 
(body temperature, mean arterial pressure, heart rate, respi-
ratory rate, oxygenation, arterial pH, serum sodium, serum 
potassium, serum creatinine, hematocrit, white blood cell 
count, and Glasgow Coma Score), age score and chronic 
health score. The total number of points ranges from 0 to 70; 
increasing points correlate with subsequent risk of mortality 
[13]. APACHE II score of study population was retrieved from 
the ICU records. The primary cause of ICU admission was 
grouped either obstetric or non-obstetric. Obstetric causes 
included postpartum hemorrhage, hypertensive disorders, 
sepsis and embolism, and non-obstetric causes were sorted 
by organ system as sorted in previous studies [14-17]. World 
Health Organization criteria was used to classify direct and 
indirect maternal death [18]. Clinical characteristics and indi-
cation of ICU admission were compared by time period and 
place of delivery.

Statistical analysis was done by SPSS statistics version 18.0 
(IBM Corp., Chicago, IL, USA). P-values were calculated us-
ing the χ2 test, Fisher’s exact test, t-test, and Mann-Whitney 
U test according to the type of data to compare clinical char-
acteristics between 2 groups. Spearman correlation analysis 
was performed to find out the relation between the time 
taken from delivery to ICU admission and APACHE II score. 
Differences were considered statistically significant if P<0.05. 
Receiver operating characteristic (ROC) curve was generated 
and cut-off value was determined to evaluate the usefulness 
of APACHE II score to predict mortality for obstetric patients 
admitted to the ICU. This study was approved by Institutional 
Review Board of Samsung Medical Center as a retrospective 
study using medical records (2017-03-125).

Results

Among 176 women who admitted to the ICU during the 
study period, 118 (67.0%) women delivered in our institu-
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tion and 58 (33.0%) women delivered in local hospitals. The 
total delivery of 53,689 took place in our institution during 
the study period, and the incidence of ICU admission among 
parturients was estimated as 2.2 per 1,000 deliveries. The 
most common obstetric reason for admitting to the ICU was 
postpartum hemorrhage (56.3%), followed by hypertensive 
disorders (19.3%), sepsis (3.4%), and pulmonary and am-
niotic fluid embolism (2.3%). Non-obstetric causes (18.8%) 
consisted of acute fatty liver, postpartum cardiomyopathy, 
pulmonary hypertension, pulmonary edema, pneumonia, and 
renal failure. The most common non-obstetric cause of ICU 
admission for obstetric patient was respiratory failure includ-
ing pulmonary edema and pneumonia. The primary cause of 
ICU admission for obstetric patients showed no difference be-
tween time periods (Table 1) but, of note, embolism showed 

increasing trend in period 2 (P=0.069).
Table 2 summarizes the baseline characteristics of the study 

population and comparison by the study period. Among the 
total study population, mean maternal age was 31.8 years, 
median stay at ICU was 3 (1–25) days and median hospital 
stay was 11 (1–63) days. Median APACHE II score was 10 
(0–32) at ICU admission. Hysterectomy was performed in 70 
patients (39.8%), and uterine artery embolization was per-
formed in 25 patients (14.2%) of study population. Of note, 
higher mean maternal age (32.7 vs. 30.8 years; P=0.006), 
higher embolization rate (26.4% vs. 1.2%; P<0.001), and 
lower hysterectomy rate (30.8% vs. 49.4%; P=0.012) were 
observed in period 2. However, other variables including 
parity, gestational age at delivery, number of fetus, mode of 
delivery and place of delivery showed no significant differ-

Table 1. Primary cause of intensive care unit admission of obstetric patients: comparison by period

Primary diagnosis
Total 

(1994–2015)
(n=176)

Period 1 
(1994–2004) 

(n=85)

Period 2 
(2005–2015) 

(n=91)
P-value

Obstetric 143 (81.2) 69 (81.2) 74 (81.3) 0.566

Postpartum hemorrhage 99 (56.3) 48 (56.5) 51 (56.0) 0.538

Uterine atony 65 (36.9) 26 (30.6) 39 (42.9)

Laceration 4 (2.3) 1 (1.2) 3 (3.3)

Placental (previa, accreta, abruption) 20 (11.4) 14 (16.5) 6 (6.6)

Others 1 (0.6) 1 (1.2) 0 (0.0)

Mixed (PPH+hypertensive disease) 8 (4.5) 5 (5.9) 3 (3.3)

Hypertensive disorders 34 (19.3) 19 (22.4) 15 (16.5) 0.213

Preeclampsia 19 (1.08) 11 (12.9) 8 (8.8)

Eclampsia 7 (4.0) 3 (3.5) 4 (4.4)

HELLP 8 (4.5) 5 (5.9) 3 (3.3)

Sepsis 6 (3.4) 2 (2.4) 4 (4.4) 0.374

Septic abortion 5 (2.8) 2 (2.4) 3 (3.3)

Puerperal sepsis 1 (0.6) 0 (0.0) 1 (0.6)

Embolism 4 (2.3) 0 (0.0) 4 (4.4) 0.069

Pulmonary thromboembolism 2 (1.2) 0 (0.0) 2 (2.2)

Amniotic fluid embolism 2 (1.2) 0 (0.0) 2 (2.2)

Non-obstetric 33 (18.8) 16 (18.8) 17 (18.7) 0.566

Gastrointestinal, hepatobiliary 6 (3.4) 5 (5.9) 1 (1.1)

Cardiovascular 10 (5.7) 4 (4.7) 6 (6.6)

Pulmonary 14 (8.0) 5 (5.9) 9 (9.9)

Renal 1 (0.6) 0 (0.0) 1 (1.1)

Others 2 (1.2) 2 (2.4) 0 (0.0)

Value expressed as number (percentage).
PPH, postpartum hemorrhage; HELLP, hemolysis, elevated liver enzymes, and low platelets.
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ence between 2-time periods. There was also no significant 
difference in maternal death rate and APACHE II score at ICU 
admission between 2-time periods (Table 2).

The primary cause of obstetric ICU admission had significant 
difference between groups sorted by place of delivery (Table 3). 
Although postpartum hemorrhage was the most common 
cause of ICU admission regardless of place of delivery, patients 
who delivered in local hospitals showed significantly higher 
proportion of postpartum hemorrhage compared to patients 
who delivered in our institution (84.5% vs. 42.2%; P<0.001). 
Meanwhile, patients who delivered in our institution was 
associated with higher proportion of hypertensive disorders 
(28.8% vs. 0.0%; P<0.001) and non-obstetric causes (25.4% 
vs. 5.2%; P=0.001) compared to patients from local hospitals. 

There were 4 cases of pulmonary and amniotic fluid embolism 
during the study period, all of them delivered in local hospi-
tals.

Table 4 summarizes the baseline characteristics of the study 
population and comparison by the place of delivery. Patients  
who delivered in our institution showed higher rate of nul-
liparity (71.2% vs. 29.3%; P<0.001). There was a significant 
difference in mode of delivery, indicating higher proportion of 
cesarean section in patients who delivered in our institution. 
The median gestational age at delivery of patients delivered 
in our institution was significantly earlier compared to the 
gestational age of patients who delivered in local hospitals. 
APACHE II score at ICU admission, and ICU admission showed 
no difference by place of delivery. However, proportion of 

Table 2. Baseline characteristics of 176 obstetric patients admitted to the intensive care unit: comparison by period

Variable
Total 

(1994–2015)
(n=176)

Period 1 
(1994–2004) 

(n=85)

Period 2 
(2005–2015)

(n=91)
P-value

Age (yr) 31.8±4.7 30.8±4.4 32.7±4.8 0.006

≥35 years of age 44 (25.0) 12 (14.1) 32 (35.2) 0.001

Nulliparity 101 (57.4) 54 (63.5) 47 (51.6) 0.273

GA at delivery (wk) 36.1 (10.0–41.3) 35.3 (10.0–40.0) 36.6 (11.1–41.3) 0.404

Singleton pregnancy 154 (87.5) 76 (89.4) 78 (86.7) 0.576

Mode of delivery 0.993

Vaginal delivery 39 (22.2) 19 (22.4) 20 (22.0)

Cesarean section 129 (73.3) 62 (72.9) 67 (73.6)

Abortion 8 (4.5) 4 (4.7) 4 (4.4)

Place of delivery 0.198

Our institution 118 (67.0) 61 (71.8) 57 (62.6)

Local hospitals 58 (33.0) 24 (28.3) 34 (37.4)

APACHE II score

All patients 10 (0–32) 8 (1–25) 10 (0–32) 0.110

Postpartum hemorrhage 7 (0–30) 5 (1–25) 10 (0–30) 0.011

APACHE II score ≥18a)

All patients 25 (15.0) 8 (10.3) 17 (19.1) 0.110

Postpartum hemorrhage 11 (12.5) 3 (7.7) 8 (16.3) 0.224

Hospital stay (day) 11 (1–63) 11 (4–63) 10 (1–62) 0.161

ICU stay (day) 3 (1–25) 3 (2–25) 3 (1–23) 0.753

Hysterectomy 70 (39.8) 42 (49.4) 28 (30.8) 0.012

Embolization 25 (14.2) 1 (1.2) 24 (26.4) <0.001

Mortality 9 (5.1) 2 (2.4) 7 (7.7) 0.102

Value expressed as mean±standard deviation, median (range), or number (percentage).
GA, gestational age; APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit.
a)Cut-off value of 18 points of APACHE score was calculated from the following receiver-operator characteristic curve analysis in Fig. 1A.
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patients whose APACHE II score was more than or equal to 
18 points tended to be higher in patients who delivered in 
local hospitals compared to patients who delivered in our in-
stitution. (11.5% vs. 22.2%; P=0.069) Especially in subgroup 
analysis with postpartum hemorrhage group, proportion of 
patients whose APACHE II score was more than or equal to 
18 points, was significantly higher in patients who delivered 
in local hospitals compared to patients who delivered in our 
institution (4.7% vs. 20.0%; P=0.030). As shown in Table 
4, both hysterectomy and embolization rate were higher in 
patients who delivered in local hospitals compared to those 
delivered in our institution. Maternal death rate showed no sig-
nificant differences by place of delivery.

Next, we performed ROC curve analysis of APACHE II to de-
termine the cutoff value to predict maternal mortality in ICU-

admitted women. Overall, the APACHE II score showed area 
under the ROC curve (AUC) of 0.813 (confidence interval [CI], 
0.607–1.000) for prediction of maternal mortality (Fig. 1A). 
And the cut-off value of APACHE II score more than or equal 
to 18 points showed 77.8% of sensitivity, 88.6% of specific-
ity, 28.0% of positive predictive value (PPV), and 98.6% of 
negative predictive value (NPV), respectively. Since postpartum 
hemorrhage was the most common reason for ICU admission 
of obstetric patients, we did subgroup analysis to assess pre-
dictive value of APACHE II score in this population. As shown 
in Fig. 1B, AUC for prediction of mortality among patients ad-
mitted to the ICU due to postpartum hemorrhage was 0.963 
(CI, 0.000–1.000). And with the cut-off value of 20 of the 
APACHE II score, sensitivity, specificity, PPV, and NPV to predict 
maternal mortality was 100%, 90.6%, 33.3%, and 100%, 

Table 3. Primary cause of intensive care unit admission of obstetric patients: comparison by place of delivery

Primary diagnosis
Total 

(n=176)
Our institution 

(n=118) 
Local hospitals 

(n=58)
P-value

Obstetric 143 (81.2) 88 (74.6) 55 (94.8) 0.001

Postpartum hemorrhage 99 (56.3) 50 (42.2) 49 (84.5) <0.001

Uterine atony 65 (36.9) 27 (22.9) 38 (65.5)

Laceration 4 (2.3) 1 (0.8) 3 (5.2)

Placental (previa, accreta, abruption) 20 (11.4) 14 (11.9) 6 (10.3)

Others 1 (0.6) 0 (0.0) 1 (1.7)

Mixed (PPH+hypertensive disease) 8 (4.5) 7 (5.9) 1 (1.7)

Hypertensive disorders 34 (19.3) 34 (28.8) 0 (0.0) <0.001

Preeclampsia 19 (1.08) 19 (16.1) 0 (0.0)

Eclampsia 7 (4.0) 7 (5.9) 0 (0.0)

HELLP 8 (4.5) 8 (6.8) 0 (0.0)

Sepsis 6 (3.4) 4 (3.4) 2 (3.4) 0.645

Septic abortion 5 (2.8) 3 (2.5) 2 (3.4)

Puerperal sepsis 1 (0.6) 1 (0.8) 0 (0.0)

Embolism 4 (2.3) 0 (0.0) 4 (6.9) 0.011

Pulmonary thromboembolism 2 (1.2) 0 (0.0) 2 (3.5)

Amniotic fluid embolism 2 (1.2) 0 (0.0) 2 (3.5)

Non-obstetric 33 (18.8) 30 (25.4) 3 (5.2) 0.001

Gastrointestinal, hepatobiliary 6 (3.4) 4 (3.4) 2 (3.4)

Cardiovascular 10 (5.7) 9 (7.6) 1 (1.7)

Pulmonary 14 (8.0) 14 (11.9) 0 (0.0)

Renal 1 (0.6) 1 (0.8) 0 (0.0)

Others 2 (1.1) 2 (2.4) 0 (0.0)

Value expressed as number (percentage).
PPH, postpartum hemorrhage; HELLP, hemolysis, elevated liver enzymes, and low platelet. 
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respectively.
The median time taken from delivery to ICU admission 

was 4.83 (0.37–48) hours among study population except 8 
patients for whom that time took more than 48 hours. The 
reasons for delayed ICU admission were delayed postpartum 
hemorrhage, delayed complication of preeclampsia such as 
intracranial hemorrhage or hypertensive encephalopathy, pro-
gression of postoperative sepsis or septic abortion and post-
partum pulmonary edema. The correlation between the time 
taken from delivery to ICU admission and APACHE II score 
was not statistically significant (correlation coefficient=−0.075, 
P=0.356) among the total study population, but it showed 
negative correlation in subgroup analysis with postpartum 
hemorrhage group (correlation coefficient=−0.226, P=0.038).

Overall, maternal death occurred 5.1% among ICU-admit-
ted patients, which included 6 cases of direct maternal death 
and 3 cases of indirect maternal death. There was one case of 
direct maternal death occurred in case of patient delivered in 
our institution. Detailed clinical information including primary 
cause of ICU admission, underlying diseases, and intervention 
are summarized in Table 5. There were 3 cases of disseminat-
ed intravascular coagulation due to postpartum hemorrhage, 
2 cases of amniotic fluid embolism, 1 case of hemolysis, el-
evated liver enzymes, and low platelets syndrome with intra-
cranial hemorrhage, 1 case of pulmonary thromboembolism, 
1 case of postpartum cardiomyopathy, and 1 case of post-
adrenalectomy bleeding due to pheochromocytoma.

Table 4. Baseline characteristics of 176 obstetric patients admitted to the intensive care unit: comparison by place of delivery

Variable
Total 

(n=176)
Our institution 

(n=118)
Local hospitals 

(n=58)
P-value

Age (yr) 31.8±4.7 31.7±4.7 31.9±4.7 0.796

≥35 years of age 44 (25.0) 31 (26.3) 13 (22.4) 0.359

Nulliparity 101 (57.4) 84 (71.2) 17 (29.3) <0.001

GA at delivery (wk) 36.1 (10.0–41.3) 34.1 (10.0–41.2) 39.0 (16.0–41.3) <0.001

Singleton pregnancy 154 (87.5) 98 (83.1) 56 (96.6) 0.003

Mode of delivery 0.001

Vaginal delivery 39 (22.2) 17 (14.4) 22 (37.9)

Cesarean section 129 (73.3) 97 (82.2) 32 (55.2)

Abortion 8 (4.5) 4 (3.4) 4 (6.9)

Period 0.130

Period 1 (1994–2004) 85 (48.3) 61 (51.7) 24 (41.4)

Period 2 (2005–2015) 91 (51.7) 57 (48.3) 34 (58.6)

APACHE II score

All patients 10 (0–32) 10 (0–29) 8.5 (0–32) 0.846

Postpartum hemorrhage 7 (0–30) 8 (1–29) 7 (0–30) 0.851

APACHE II score ≥18a)

All patients 25 (15.0) 13 (11.5) 12 (22.2) 0.069

Postpartum hemorrhage 11 (12.5) 2 (4.7) 9 (20.0) 0.030

Hospital stay (day) 11 (1–63) 11 (4–63) 9.5 (1–35) 0.008

ICU stay (day) 3 (1–25) 3 (2–25) 3 (1–13) 0.344

Hysterectomy 70 (39.8) 34 (28.8) 36 (62.1) <0.001

Embolization 25 (14.2) 12 (10.2) 13 (22.4) 0.027

Mortality 9 (5.1) 4 (3.4) 5 (8.6) 0.133

Value expressed as mean±standard deviation, median (range), or number (percentage).
GA, gestational age; APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit.
a)Cut-off value of 18 points of APACHE score was calculated from the following receiver-operator characteristic curve analysis in Fig. 1A.
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Discussion

Pregnancy causes physiological and anatomical changes and 
those changes proceed uneventfully in most of pregnant 
women. However, these changes play important roles in ma-
ternal morbidity and mortality even in women with no prior 
risk factor, and who may require further intensive care. This 
suggests that the risk of serious maternal morbidity and mor-
tality is applicable to all pregnancies, and not only limited to 
those with high-risk pregnancy [19].

Our study showed that obstetric admission rate to the ICU 
represented 0.22%, equating to 1 ICU admission for every 
455 deliveries. The figure is comparable with previous pub-
lished studies, where the frequencies ranged from 0.17% to 
0.73% [20-26] similar to the median incidence of ICU admis-
sion of studies reporting 0.27% of obstetric ICU admission 
rate in systematic review [6].

In our study, the most common cause of admission to 
the ICU of pregnant or puerperal women was postpartum 
hemorrhage which accounted for 56.3% of all admissions, 
followed by hypertensive disorders of 19.3%. This result is 
different from previous studies performed in western coun-
tries, in which hypertensive disorder showed the highest rate 
as 62.0%, 59.0%, 67.9%, or 54.2% for the cause of ICU 

admission [14,15,17,27]. The relatively high incidence of 
postpartum hemorrhage in our study may be due to refer-
ral bias, because our hospital acts as a tertiary referral center 
with diverse quality of antenatal care. This interpretation is 
supported by the fact that percentage of postpartum hemor-
rhage was significantly higher among patients transferred 
from local hospitals compared to patients delivered in our in-
stitution (84.5% vs. 42.2%). In the other hand, relatively low 
percentage of hypertensive disorders among primary cause 
of obstetric ICU admission in our study could be due to the 
racial difference in the incidence of hypertensive disorder. In 
fact, it was known that East Asian women showed relatively 
low incidence of preeclampsia compared to African American 
or Hispanic women in previous studies [28,29].

Recently, increased maternal age at childbearing period 
is observed in most countries [30]. A Korean study demon-
strated that mean maternal age at delivery has increased from 
29.49 to 31.63 years in 2002 to 2012 and the proportion of 
pregnant women with maternal age over 35 years has also 
increased from 6.7% to 18.7% in 2000 to 2012 [31]. Recent 
statistics in 2015 which renewed the record shows that mean 
maternal age was 32.2 years old and the proportion of wom-
en with maternal age over 35 was about 24% in Korea [32]. 
High maternal age in period 2 of our data can be understood 

Fig. 1. Receiver-operator characteristic curve analysis of acute physiology and chronic health evaluation (APACHE) II score to predict mortality 
in obstetric patients admitted to the intensive care unit. (A) All obstetric patients. The round circle indicates (B) patients with postpartum hemor-
rhage. AUC, area under the receiver operating characteristic curve.
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in the same direction with the recent national survey. The 
prevalence of high-risk pregnancy is increasing continuously 
with increase in maternal age [1]. According to the data from 
Health Insurance Review and Assessment Service, high-risk 
pregnancy accounted for only 7% in maternal age of 25–30 
years, but increased to 24% in maternal of 35–40 years and 
40% in maternal age over 40 years [1,33]. Lee et al. [12] 
also reported that old maternal age group had shown higher 
MMR compared to younger maternal age group consistently 
from 1995 to 2010 in Korea, as MMR in 2010 was 14.7 in 
total population but as high as 28.2 in maternal age of 35–39 
years and 86.1 in maternal age over 40 years.

APACHE II score is the most frequently used scoring system 
to assess disease severity in ICU-admitted patients based on 
physiologic measurements, age and chronic health condition 
[13]. APACHE II scoring system showed high accuracy in pre-
diction of the ICU outcome for critically ill obstetric patients 
in previous study [34]. In our study, ROC curve analysis of 
APACHE II score showed high predictability of maternal death. 
APACHE II score more than or equal to 18 points showed 
with high sensitivity (77.8%) and specificity (88.6%) in predic-
tion of maternal death. This cut-off value would be clinically 
useful to predict the mortality risk of critically ill obstetric pa-
tients especially with high NPV (98.6%). In patients admitted 
to the ICU due to postpartum hemorrhage, predictability of 
maternal death with APACHE II score was even higher than in 
all study population, so it would help to counsel patients and 
their family about the risk of mortality especially in case of 
postpartum hemorrhage.

Our data showed that hysterectomy rate has decreased 
and uterine artery embolization rate has increased in period 
2 compared to period 1. This is supported by the fact that 
uterine artery embolization is considered as a proper manage-
ment with reasonable success rate, minimal safety complica-
tions and shorter hospital staying in previous studies [35-37]. 
Success rate of uterine artery embolization was reported as 
89% in retrospective studies with 53 patients in 1999–2007 
and 88% in 117 patients in 2006–2013, respectively [35,36].

Our observed mortality rate of 5.1% for maternal ICU ad-
mission is closer to the median of 3.4% (ranged 0%–18.4%) 
in developed countries and much lower than the median of 
14.0% (ranged 0%–40%) in developing countries [6]. In our 
study, postpartum bleeding is the most common cause of 
maternal ICU admission (56.3%, 99 cases) and accounted 
for 3 out of 9 mortality cases. In contrast, while pulmonary 

or amniotic embolism consist only a small proportion of total 
ICU-admitted patients (2.3%, 4 cases), they also accounted 
for 3 out of 9 mortality cases. This finding obviously reflects 
notoriously poor outcome of obstetric embolism, pulmonary 
and amniotic fluid embolism as previously indicated [38-40]. 
Our observation is in line with a Korean study which already 
showed that obstetric embolism accounted for 24.4% (88 
cases) and postpartum hemorrhage accounted for 18.3% (66 
cases) among 239 direct maternal deaths occurred from 2009 
to 2014 [11,12].

It is noteworthy that all cases of pulmonary and amniotic 
fluid embolism among ICU-admitted patients were occurred 
in period 2, although statistical analysis failed to reach signifi-
cant difference between time period groups in current study 
(P=0.069). However, considering the significant increase in 
maternal age in this period 2, it is probably due to beta error. 
Therefore, pulmonary and amniotic fluid embolism could be 
expected to increase continuously due to increase in maternal 
age and high-risk pregnancy. The most frequent organ dys-
function associated with non-obstetric cause of ICU admis-
sion among parturients was respiratory failure, potentially as a 
common outcome for critically ill patients who have suffered 
from cardiovascular collapse or aggressive fluid resuscita-
tion. This information can then provide support for targeted 
systems-based improvements at an institutional, local, and 
further nationwide level [41].

Our study is limited by a possibility of biased population 
since our study included patients from only a single tertiary 
referral center located in Seoul. Therefore, comparison and 
extrapolation should be carried out with caution. And ide-
ally, multicenter study or national data about ICU-admitted 
patients among parturients should be carried out as a future 
study.

Our study does have a point, however. This is the very first 
study conducted in Korea that analyzed ICU admissions of 
pregnant or puerperal women in a tertiary care center. Our 
data shows different trends for the causes of obstetric ICU 
admission with postpartum hemorrhage as the most com-
mon cause, whereas previous studies performed in Western 
countries showed relatively higher proportion of hypertensive 
disorders. Therefore, our result provides insights into severe 
maternal morbidity that requires intensive care, at least limited 
within but can be expanded beyond Korea. Considering that 
postpartum hemorrhage was the leading cause of ICU admis-
sion of parturients regardless of place of delivery, we argue 
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that every tertiary hospital need to develop a predetermined 
flow with multidisciplinary team approach involving obstetri-
cians, anesthesiologists, critical care division and nursing to 
provide organized management for these patients, especially 
coping with massive postpartum hemorrhage.

In summary, our study provided important information 
about ICU admission of obstetric patients over 22 years of 
study period in a single tertiary hospital in Korea. We hope 
that our data would primarily help counsel patients about 
complications and prognosis of high-risk pregnancy. Further-
more, it can provide support to establish a medical care sys-
tem on maternal morbidity and mortality either hospital-based 
or nation-based. A large, prospective, nationwide multicenter 
study would further assist us to have a better understanding 
of ICU admissions of obstetric patients.
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