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Objective: To evaluate pregnant/postpartum patients requiring 
ICUs admission in Argentina, describe characteristics of moth-
ers and outcomes for mothers/babies, evaluate risk factors 
for  maternal-fetal-neonatal mortality; and compare outcomes 
between patients admitted to public and private health sectors.
Design: Multicenter, prospective, national cohort study.
Setting: Twenty ICUs in Argentina (public, 8 and private, 12).
Patients: Pregnant/postpartum (< 42 d) patients admitted to ICU.
Interventions: None.
Measurements and Main Results: Three hundred sixty-two patients 
were recruited, 51% from the public health sector and 49% from 
the private. Acute Physiology and Chronic Health Evaluation II 
was 8 (4–12); predicted/observed mortality, 7.6%/3.6%; hospital 
length of stay, 7 days (5–13 d); and fetal-neonatal losses, 17%. 
Public versus private health sector patients: years of education, 
9 ± 3 versus 15 ± 3; transferred from another hospital, 43% ver-
sus 12%; Acute Physiology and Chronic Health Evaluation II, 9 
(5–13.75) versus 7 (4–9); hospital length of stay, 10 days (6–17 
d) versus 6 days (4–9 d); prenatal care, 75% versus 99.4%; fetal-
neonatal losses, 25% versus 9% (p = 0.000 for all); and mortality, 
5.4% versus 1.7% (p = 0.09). Complications in ICU were multi-
ple-organ dysfunction syndrome (34%), shock (28%), renal dys-
function (25%), and acute respiratory distress syndrome (20%); 

Copyright © 2015 by the Society of Critical Care Medicine and Wolters   
Kluwer Health, Inc. All Rights Reserved.

DOI: 10.1097/CCM.0000000000001139

 1 Intensive Care Unit, Hospital Interzonal de Agudos Gral San Martín, La 
Plata, Buenos Aires, Argentina.

 2Intensive Care Unit, Sanatorio Anchorena, City of Buenos Aires, Argentina.

 3 Intensive Care Unit, Hospital Pablo Soria, San Salvador de Jujuy, Jujuy, 
Argentina.

 4Intensive Care Unit, Sanatorio Otamendi, City of Buenos Aires, Argentina.

 5 Intensive Care Unit, Hospital Nacional Prof. Alejandro Posadas, Villa 
Sarmiento, Buenos Aires, Argentina.

 6 Intensive Care Unit, Hospital Luis Lagomaggiore, City of Mendoza,  
Mendoza, Argentina.

 7Intensive Care Unit, Sanatorio Mitre, City of Buenos Aires, Argentina.

 8 Intensive Care Unit, Sanatorio de Los Arcos, City of Buenos Aires, Argentina.

 9 Intensive Care Unit, Hospital Gral de Agudos José M. Penna, City of  
Buenos Aires, Argentina.

10 Intensive Care Unit, Hospital de Agudos Ramón Madariaga, Posadas, 
Misiones, Argentina.

11 Intensive Care Unit, Hospital Policlínico Regional Dr. Ramón Carrillo, 
City of Santiago del Estero, Santiago del Estero, Argentina.

12Intensive Care Unit, Sanatorio Mater Dei, City of Buenos Aires, Argentina.
13Intensive Care Unit, Hospital Naval, City of Buenos Aires, Argentina.
14Intensive Care Unit, Sanatorio Julio Corzo, Rosario, Santa Fé, Argentina.
15Intensive Care Unit, Hospital Británico, City of Buenos Aires, Argentina.
16 Intensive Care Unit, Hospital Zonal Bariloche, Bariloche, Río Negro, 

Argentina.
17 Intensive Care Unit, Hospital Español de Mendoza, Godoy Cruz,  

Mendoza, Argentina.
18Intensive Care Unit, Sanatorio Parque, Rosario, Santa Fé, Argentina.
19Intensive Care Unit, Clínica Colón, Mar del Plata, Buenos Aires, Argentina.
20Intensive Care Unit, Sanatorio San Jorge, Usuhaia, Tierra del Fuego, 
Argentina.
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all predominated in the public sector. Sequential Organ Failure 
Assessment (during first 24 hr of admission) score of at least 6.5 
presented the best discriminative power for maternal mortality. 
Independent predictors of maternal-fetal-neonatal mortality were 
Acute Physiology and Chronic Health Evaluation II, education 
level, prenatal care, and admission to tertiary hospitals.
Conclusions: Patients spent a median of 7 days in hospital; 3.6% 
died. Maternal-fetal-neonatal mortality was determined not only by 
acuteness of illness but to social and healthcare aspects like edu-
cation, prenatal control, and being cared in specialized hospitals. 
Sequential Organ Failure Assessment (during first 24 hr of admis-
sion), easier to calculate than Acute Physiology and Chronic Health 
Evaluation II, was a better predictor of maternal outcome. Evident 
health disparities existed between patients admitted to public ver-
sus private hospitals: the former received less prenatal care, were 
less educated, were more frequently transferred from other hospi-
tals, were sicker at admission, and developed more complications; 
maternal and fetal-neonatal mortality were higher. These findings 
point to the need of redesigning healthcare services to account for 
these inequities. (Crit Care Med 2015; 43:1887–1897)
Key Words: Acute Physiology and Chronic Health Evaluation II; 
critical care; education; maternal mortality; neonatal mortality; 
obstetrics; prenatal care; private sector; public sector; Sequential 
Organ Failure Assessment

Throughout the last 30 years, maternal mortality has 
decreased from 500,000 to 300,000 deaths/yr; however, 
developing countries still account for 99% of these 

mortalities, while only 1% occurs in developed countries (1). 
The decline in maternal mortality has also shown great dispar-
ity among different countries, as seen in Latin America (1). In 
Argentina, maternal mortality fell 29%, from 70 deaths/100,000 
live births in 1980 to 50/100,000 live births in 1990, thereafter 
fluctuating at around 40–50/100,000 live births for the next 20 
years, and reaching its lowest point at 35/100,000 live births 
in 2012 (2). During the same period, other Latin-American 
countries with higher baseline maternal mortality rates in 
1990, such as Perú and Bolivia, experienced significant falls 
of around 60%. On the other hand, Chile, another South- 
American country with a similar baseline maternal mortality 
rate as Argentina in 1990 (55/100,000 live births), achieved 
another 60% drop, down to 22/100,000 live births in 2013 (1).

In Argentina, there is great disparity in maternal death dis-
tribution according to district income. In 2012, high-income 
provinces, such as Cordoba, recorded maternal mortality rates 
near the levels of those in developed countries (16/100,000 live 
births), whereas in low-income provinces, such as Formosa, 
rates were approximately 150/100,000 live births (2).

Furthermore, 70% of maternal deaths occur in hospitals, 
specifically ICU, as opposed to outside medical facilities (3). In 
addition, many pregnant/postpartum patients are so severely 
ill that they require ICU admission but do not die, representing 
what is now called “near-miss mortality” (4).

Of the many reports on critically ill obstetric patients in 
developed (5–13) and developing countries (14–22), only five 

reports were multicenter studies (6, 10, 12, 13, 22), with just one 
from Argentina—comprising only one district and retrospective 
(22). As we are unaware of another similar study in develop-
ing countries, our primary objective was to evaluate pregnant/
postpartum patients requiring ICU admission in Argentina 
from January 1 to December 31, 2012 using a prospective, mul-
ticenter, national study to describe characteristics of mothers 
and outcomes of mother and child, then evaluate independent 
risk factors for a bad composite outcome (maternal or fetal or 
neonatal mortality). The secondary objective was to compare 
patients from the public and private health sector in order to 
find potential differences in the variables mentioned earlier. Our 
ultimate goal is to provide information that could be useful for 
the prevention of maternal mortality and severe morbidity.

MATERIALS AND METHODS

Study design: Multicenter, prospective, national cohort 
study.

Study setting: ICUs across Argentina. The Argentine Society 
of Intensive Care Medicine launched an invitation to 
participate in the study during the national congress and 
also sent a letter of invitation to all members by e-mail.

Population: All pregnant/postpartum (< 42 d) patients 
requiring admission to any recruited ICU for any rea-
son were included. Patients who declined participation 
were not included.

Time setting: January 1 to December 31, 2012.
Interventions: None.

Measurements
The following data were obtained for each patient: demo-
graphic data, level of education completed (years), source 
of admission to hospital (home/other center) and to ICU 
(emergency department/ward/operating room/other hospi-
tal), comorbidity (Charlson score) (23), admission diagnosis, 
obstetric (occurring only in pregnant/postpartum patients) 
versus nonobstetric causes of admission (also occurring in 
nonpregnant patients) (16), obstetric history including ante/
postpartum admission, gestational age, minimal versus stan-
dard prenatal care (at least 1 vs 5 visits for term pregnancies) 
(24), parity, and type of delivery. Also the following data were 
obtained: severity-of-illness scores during the first 24 hours 
in ICU (Acute Physiology and Chronic Health Evaluation 
[APACHE] II) (25) and Sequential Organ Failure Assessment 
[SOFA]

24
) (26), level of intervention in the ICU (mechanical 

ventilation [MV], days on MV, central catheter, pulmonary 
artery catheter, hysterectomy, and dialysis), and duration of 
stay in the ICU and in the hospital. Complications recorded in 
the ICU were as follows: acute respiratory distress syndrome 
(27), septic (28) or hypovolemic shock (29), multiple-organ 
dysfunction syndrome (MODS) (dysfunction ≥ 2 organs 
according to SOFA score) (28), renal dysfunction according 
to creatinine upper cut-point value for pregnant patients (cre-
atinine, ≥ 0.9 mg/dL) (30), Risk of renal dysfunction, Injury 
to the kidney, Failure of kidney function, Loss of kidney 
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function and End Stage Kidney Disease (31), and SOFA scores  
(creatinine, ≥ 1.2 mg/dL).

Induced abortions and ectopic pregnancies were analyzed 
separately from fetal losses. ICU and hospital maternal mortal-
ity and fetal-neonatal losses were recorded; the latter included 
spontaneous abortion, fetal death, and neonatal death (32). 
Case fatality rates (CFR) for main causes of maternal mortality 
were calculated as number of deaths per specific disease/total 
number of cases for that disease × 100. Finally, a composite 
adverse outcome including maternal or fetal or neonatal mor-
tality was considered.

Statistical Analysis
Categorical variables are presented as numbers (%) and con-
tinuous variables as mean ± sd or median (interquartile range), 
according to their distribution. Normally and nonnormally 
continuous distributed variables were compared with Student 
t test and Wilcoxon test, respectively. Categorical variables were 
compared with chi-square or Fisher test. Multiple comparisons 
between categorical variables were performed using multiple chi-
square test with Bonferroni correction. A p value of up to 0.05 
was considered significant. In addition, receiver operating char-
acteristic (ROC) curves were constructed for APACHE II and 
SOFA

24
 scores for predicting maternal mortality. Standard mor-

tality rate (SMR) was calculated for APACHE II score. Different 
cutoff points for SOFA

24
 were evaluated as predictors of death.

A binary logistic regression was built using maternal-
fetal-neonatal mortality as the dependent variable. Variables 
included in the model were those related to maternal-fetal-
neonatal mortality that showed a p value of up to 0.20 in the 
univariate analysis. The multivariable model was built manu-
ally and included variables with a significance level of p up to 
0.05 on the Wald test and/or confounding effects (variation 
coefficient ≥ 20%). The model was calibrated with Hosmer-
Lemeshow goodness-of-fit test to evaluate discrepancy between 
observed and expected maternal-fetal-neonatal mortality val-
ues. A binary logistic regression model was built for identifica-
tion of predictors of cesarean section as well. SPSS 15 (SPSS, 
Chicago, IL) was used for analysis.

Sample Size Calculation
A sample size of 138 patients was obtained considering mater-
nal mortality as the main outcome, based on a value of 11% 
described in a previous study of critically ill obstetric patients 
in Argentina (21), with a 0.10 CI width and 95% confidence 
level, as suggested for observational studies.

Ethical Considerations
This study was approved by the institutional review board of 
each hospital included and was performed in accordance with 
ethical standards laid down in 1964 Declaration of Helsinki 
and later amendments, along with provincial laws regarding 
research on human beings. Informed written consent was 
requested from each patient or, if unable to provide consent, 
from the caregiver or relative; once able, those patients con-
sented voluntarily.

RESULTS
Twenty-one ICUs in Argentina were initially recruited, but 
one was excluded for selection bias protocol violation after 
recruiting only 11 patients, which consisted in recruitment 
performed only in predetermined days, leaving the total num-
ber included in the study at 20 ICUs, 8 from the public health 
sector and 12 from the private. Ninety-five percent of centers 
included were referral hospitals, and the same proportion of 
ICUs was medical-surgical units. All centers had capacity to 
monitor high-risk pregnancies with anesthesiologists, neona-
tologists, and obstetricians in-house 24 hr/d. Median hospital 
bed numbers counted 227 (145–387) and median ICU beds 
12 (8–15). Median delivery rate for the entire group was 2,500 
(1,210–3,750) per year. Median annual ICU admission rate was 
525 (400–772) patients.

Over the 1-year study period, 376 pregnant/postpartum 
patients were admitted to 21 ICUs in Argentina; one ICU 
and 14 patients were excluded (Fig. 1), leaving 20 ICUs and 
362 patients—186 (51%) in the public health sector and 176 
(49%) in the private. The number of ICU admissions per 
1,000 deliveries was 6.9, corresponding to 6.1/1,000 deliveries 
in the public health sector and 8.2/1,000 deliveries in the pri-
vate (p = 0.006). The only differences noted between public 
centers and private were hospital bed numbers (400 [327–446] 
vs 175 [112–240]; p = 0.002) and annual delivery rates (3,850  
[2,985–4,675] vs 1,650 [1,125–2,587]; p = 0.005).

Of the 362 patients admitted to recruited hospitals, 87 
(28%) were transferred from other hospitals. Patient locations 
prior to ICU admission were as follows: operating room (180; 
50%), ward (108; 30%), emergency department (49; 14%), 
other hospitals (19; 5%), and home (3; 1%); 68% of those who 
had nonobstetric causes of admission (n = 44/64) came to ICU 
from the emergency department or ward versus 38% of those 
(n = 113/298) with obstetric causes (p < 0.000). Maximum 
level of education differed between public and private sec-
tors (Fig. 2). General characteristics and differences between 
patients in both health sectors are presented in Table 1.

Median APACHE II for the entire population was 8 (4–12) 
with significant differences between patients with obstetric versus 
nonobstetric causes of admission (Table 2). Maximum SOFA

24
 

score of at least 6.5 presented a sensitivity of 69% and a specific-
ity of 93% for maternal mortality, with a positive likelihood ratio 
test (LHR) of 9.48 and negative LHR of 0.33. ROC curve areas for 
APACHE II and SOFA scores are illustrated in Figure 3.

ICU and hospital maternal mortality was 3.6%  
(13 patients). Nonobstetric causes of admission (54%;  
n = 7) for these patients were pneumonia (n = 4), progressive 
multifocal leukoencephalopathy (PML, n = 1), postoperative 
nonobstetric hemorrhage (n = 1), and gunshot head wound  
(n = 1). Obstetric causes of admission (46%; n = 6) for these 
patients were hypertensive disease of pregnancy (hemolysis, 
elevated liver enzymes, low platelet count: n = 3 and eclamp-
sia: n = 1), obstetric hemorrhage (n = 1), and obstetric sepsis 
(n = 1). Three of the patients who died from pneumonia and 
the patient with PML had HIV-AIDS as an underlying disease 
(57% CFR for HIV-related diseases). Three of the four patients 
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with hypertensive disease of pregnancy presented stroke, com-
prising 23% of patients (3/13) who died versus 0.3% (1/349) 
who survived (p < 0.000); CFR for stroke was 75%. Finally, 
CFR for most frequent diagnoses were hypertensive disease of 
pregnancy, 2.3%; obstetric hemorrhage, 1.1%; obstetric sepsis, 
2.6%; and pneumonia, 36%.

Seventy-seven percent of patients (10/13) who died came 
from the public sector and 38.5% (5/13) were transferred 
from other hospitals. Education level was 8.25 ± 3 years ver-
sus 11.76 ± 4.27 for surviving patients (p = 0.021). Forty-six 
percent of these patients (6/13) presented some comorbid-
ity versus 10.5% for surviving patients (p < 0.000), with 
HIV-AIDS being the most frequent (4/6; 67%). Fifty-four 
percent (7/13) were admitted antepartum versus 22.7% 
for surviving patients (p = 0.010), and gestational age was 
27.6 ± 8.25 weeks versus 32.19 ± 7.48 for surviving patients 
(p = 0.038).

Causes of admission to 
ICU for the entire group were 
mainly obstetric (298; 82%) 
(Table 3).

Of the 362 patients, 276 
patients (76%) were admitted 
to ICU in postpartum period, 
parity was 2 (1–4), gestational 
age at end of pregnancy or 
at ICU admission was 35 ± 8 
weeks, and 136 patients (37.6%) 
were nulliparous. Most patients 
performed at least one mater-
nal health checkup (300/347; 
86.5%); numbers were lower 
in public sector (136/182; 75%) 
versus private (164/165; 99.4%;  
p < 0.000). Standard prena-
tal care was followed by 87% 
of patients (243/279), 77.3% 
(99/128) from public sector 
and 95.3% (144/151) from pri-
vate (p < 0.000). Denominators 
changed due to missing data. 
Gestational age was 30.6 ± 9 ver-
sus 33 ± 7 weeks for public ver-
sus private sector (p = 0.001). 
On the matter of patients with 
known routes of delivery (316), 
253 (80%) ended up in cesarean 
section. There were also differ-
ences between public and pri-
vate sectors: discharge from ICU 
pregnant (15/154 [10%] versus 
5/162 [3%]; p = 0.020), vaginal 
delivery (27/154 [17.5%] ver-
sus 15/162 [9.25%]; p = 0.03), 
and cesarean section (111/154 
[72%] versus 142/162 [88%]; 

p = 0.001). Variables independently associated with cesarean 
section were prenatal care (odds ratio [OR], 2.78 [1.07–7.19]), 
hypertensive disease of pregnancy as cause of admission (OR, 
2.21 [1.19–4.09]), and belonging to public health sector (OR, 
0.50 [0.26–0.94]).

Complications in ICU were frequent, leading to some 
interventions (Table 4). However, when a comprehensive 
analysis of stringent criteria for ICU admission proposed by 
Zeeman et al (33) (MV requirement, use of vasoactives, life-
threatening arrhythmia, and coma) was conducted, only 40% 
of patients (144/362) fulfilled the proposed criteria. Notably, 
54.8% of patients (102/186) from the public sector accom-
plished stringent criteria versus 23.3% of patients (41/176) 
from the private (p < 0.000).

The prevalence of renal dysfunction and its compari-
son between public and private sector patients is presented 
(Table 4) considering different criteria used in ICU.

Figure 1. Prospective multicenter Argentine study regarding critically ill obstetric patients: Study flow chart.
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Multivariate analysis showed that APACHE II score and 
MODS during ICU length of stay (LOS) were risk factors for 
maternal-fetal-neonatal mortality, while minimal prenatal 
care, years of study, and admission to a tertiary hospital acted 
as protective variables (Table 5).

DISCUSSION
To our knowledge, this is the first, largest, prospective, mul-
ticenter, national study considering pregnant/postpartum 
patients requiring ICU admission conducted in a develop-
ing country. Over a 1-year period, 362 obstetric patients 
were admitted to 20 ICUs across Argentina, equally distrib-
uted among public and private health sectors. Most patients 
were previously healthy; however, they spent a median of 7 
days in hospital, had a mortality of 3.6%, and experienced 
17% of fetal-neonatal losses. Only 40% of patients met 
strict criteria for ICU admission. Patients from the public 
health sector were less educated, more severely ill at admis-
sion, received less frequent prenatal care, and experienced 
more complications, resulting in longer hospital LOS and 
higher fetal-neonatal losses. Performance of APACHE II 
was poor for predicting maternal mortality. Risk factors for 

maternal-fetal-neonatal mortality were presence of MODS 
and elevated APACHE II, while protective factors were 
higher level of education, being cared for in a tertiary hos-
pital, and prenatal care.

Maternal ICU admission rate was 6.9 per 1,000 deliveries, 
significantly higher in private compared with public hospi-
tals. These numbers were consistent with previous studies 
from Argentina (21, 22) but higher than in many studies 
included in the systematic review by Pollock et al (34). As 
has been shown in previous studies (35), ICU admission rate 
varies across different countries based on inclusion criteria 
and ICU bed availability, among other. Nevertheless, our data 
are comparable with that of Pollock et al (34) regarding the 
three most frequent obstetric causes of admission (hyper-
tensive disease of pregnancy, obstetric hemorrhage, and sep-
sis), patient age, more frequent admission in the postpartum 
period, rate of cesarean section, and perinatal mortality. 
In our study, maternal mortality coincides with that from 
developed countries. The main difference we found was in 
MV use: 25% in our study versus 40% in the study by Pollock 
et al (34). However, when we consider patients coming from 
the public sector, the rate of MV use was 40% versus 9% in 

Figure 2. Maximum level of education completed by critically ill obstetric patients and differences between public and private sectors.



Copyright © 2015 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Vasquez et al

1892 www.ccmjournal.org	 September	2015	•	Volume	43	•	Number	9

the private. This reflects the less stringent criteria for ICU 
admission in this last sector, evidenced by the rate of admis-
sions per 1,000 deliveries.

Consistent with most reports of critically ill obstetric 
patients (6, 16, 17, 21, 36, 37), APACHE II overpredicted 
mortality rates. Different factors could explain this situation: 
normal physiologic changes occurring during pregnancy 
may increase scoring points misleadingly, as high heart rate, 
respiratory frequency, or WBC counts. On the other hand, 
APACHE II original database might not have included 

enough obstetric patient data for proper calibration of this 
population, and/or reversibility of many conditions lead-
ing to ICU admission could impact on the predictability of 
the score for these patients. When we analyzed APACHE II 
performance by subgroups, the score overpredicted mor-
tality in patients with obstetric causes of admission and 
underpredicted it in nonobstetric conditions. In the study 
by Karnad et al (16), predicted and observed mortality for 
nonobstetric causes of admission closely matched, as well 
as in the study by El Sohl et al (38) where 80% of critically 

TAbLE 1. Characteristics and Outcomes of 362 Pregnant/Postpartum Patients Requiring 
Admission to 20 ICUs in Argentina During 2012 and Differences between Public and 
Private Sectors

Variable Total Public Private p

n 362 186 (51) 176 (49)

Age (yr) 30 ± 7 27 ± 7.5 33 ± 6 0.000

Level of education (yr) 12 ± 4 9 ± 3 15 ± 3 0.000

Charlson score 0 (0–0) 0 (0–0) 0 (0–0) 0.232

Charlson = 0 (without comorbidity) 315/357 (88) 160/185 (86.5) 155/172 
(90)

0.288

Transferred from another hospital 87/313 (28) 68/159 (43) 19/154 (12) 0.000

Acute Physiology and Chronic Health 
Evaluation II

8 (4–12) 9 (5–13.75) 7 (4–9) 0.000

SOFA24 1 (0–3) 2 (1–4.5) 0 (0–2) 0.000

ICU LOS (d) 2 (2–4) 2 (1.75–5) 2 (2–3) 0.132

Hospital LOS (d) 7 (5–13) 10 (6–17) 6 (4–9) 0.000

ICU maternal mortality 13/362 (3.6) 10/186 (5.4) 3/176 (1.7) 0.09

Hospital maternal mortality 13/358 (3.6) 10/186 (5.4) 3/176 (1.7) 0.09

Fetal-neonatal lossesa 55/326 (17) 40/162 (25) 15/164 (9) 0.000

LOS = length of stay, SOFA24 = Sequential Organ Failure Assessment (during first 24 hr of admission).
a Fetal-neonatal losses = spontaneous abortion + fetal death + neonatal death.
Data are presented as n (%), mean ± sd, or median (interquartile range).

TAbLE 2. Performance of Acute Physiology and Chronic Health Evaluation II Score for the 
Entire Population of Obstetric Patients Admitted to 20 ICUs in Argentina During 2012 and 
Difference between Patients With Obstetric Versus Nonobstetric Causes of Admission

Variable All Population
Obstetric Causes of 

Admission (298)
Nonobstetric Causes of 

Admission (64) p

Acute Physiology and Chronic 
Health Evaluationa II

8 (4–12) 7 (4–11) 9 (5–15) 0.008

Observed deaths, % 3.6 2 11 0.000

Predicted deaths, % 7.6 6.7 8.7 0.003

Standardized mortality ratiob 0.47 0.3 1.25
aMedian (interquartile range).
bStandardized mortality ratio = observed/predicted deaths.
Area under the receiver operating characteristic curve (95% CI) for Acute Physiology and Chronic Health Evaluation II score for entire population 0.886 
(0.827–0.946), p = 0.000.
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ill obstetric patients entered for medical reasons. In our 
study, SMR for nonobstetric causes of admission was 1.25, 
which means that observed deaths were higher than pre-
dicted. This could be explained by lead-time bias effect, as 
the majority of patients with nonobstetric disorders had 
been previously admitted to the emergency department or 
ward, where might have received resuscitation measures. 
This could have led to an underestimation of severity of ill-
ness and predicted risk of death upon ICU admission, sub-
sequently influencing SMR (39). APACHE II and SOFA

24
 

scores presented good discrimination; however, calibration 
was poor for APACHE II. A SOFA value of at least 6.5 was 
associated with a high positive LHR for mortality by almost 
10, similar to SOFA cutoff point found by Oliveira-Neto  
et al (40).

Maternal mortality was 3.6%, consistent with numbers from 
developed countries (34) and with another recent Argentine 
study (22), but clearly lower of the 11% found in a previous 
single-center Argentine study (21). This correlated with an 
improvement in economic conditions and prenatal coverage, 
from 30% of patients in the abovementioned study to almost 
90% in this study (41). Nonetheless, only 77% of patients from 
the public sector performed at least one maternal checkup ver-
sus 95% from the private.

Obstetric patients who died belonged mainly to the 
public sector, had lower levels of education, presented 
more comorbidity—especially HIV/AIDS, were admitted 

more frequently antepartum, 
and at lower gestational ages 
than patients who survived. 
The impact of preexistent 
disease, antepartum admis-
sion, and level of education 
on maternal mortality has 
already been documented 
(6, 42, 43). Consistent with 
other studies, nonobstetric 
causes of death prevailed, 
with pneumonia as the lead-
ing cause (5, 22). Although 
pneumonia represented only 
3% of all causes of admis-
sion, its effect on mortality 
was most relevant. Among 
obstetric causes of maternal 
mortality, the most frequent 
was hypertensive disease of 
pregnancy. Of note, 75% of 
these patients suffered from 
stroke, an avoidable compli-
cation, negligible in devel-
oped countries but still a 
common cause of death in 
developing countries (12, 
16, 22), and a factor which 
could be eradicated with 

 monitoring and proper hypertension management (44).
Similar to rates from some developed countries (6, 45) but 

lower than other developing countries, fetal-neonatal losses 
were 17% (16); however, they were higher in public sector 
and related to lower gestational age and higher severity at 
admission.

Cesarean section rates among obstetric patients enter-
ing ICU are high (12). Figures in this study (80%) are 
consistent with most studies including critically ill obstet-
ric patients (34) but higher than in studies from India 
(15–19%) (16, 46), which may be explained by the posi-
tive correlation observed between cesarean section and 
gross national product per capita, the urban population, 
and the number of physicians/10,000 inhabitants (47). 
In this study, belonging to the public health sector was a 
protective variable for requiring cesarean section, while 
risk factors were prenatal care and presenting with hyper-
tensive disease of pregnancy as cause of admission. Other 
authors have found a rise in use of cesarean section rather 
than induction of labor for preeclampsia, despite guide-
lines supporting vaginal delivery (48); some have linked 
increased access to healthcare (prenatal) to the use of tech-
nical procedures for delivery (49).

One third of patients presented MODS and one-third 
shock, with septic shock prevailing among public sec-
tor patients, which led to invasive interventions. However, 
only 40% of patients fulfilled the stringent criteria for ICU 

Figure 3. Area under the receiver operating characteristic (ROC) curves for Acute Physiology and Chronic 
Health Evaluation (APACHE) II and Sequential Organ Failure Assessment (during first 24 hr of admission) 
(SOFA24) scores as predictors of maternal mortality among obstetric patients admitted to 20 ICUs in Argentina 
in 2012.
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admission proposed by Zeeman et al (33), most belonging 
to the public sector. Nevertheless, this unique population 
deserves the most specialized care to assure good outcomes 
for mothers and babies.

Consistent with other studies (45, 50), patients from the 
public health sector were sicker at admission, presented more 
complications, and required more interventions. The severe 
state of these patients cannot be attributed to comorbidity, 
as it was similar in both groups; rather, it could be related to 
delay in seeking care, in accessing health services, and/or in 
receiving appropriate care (51). The first delay could be asso-
ciated with a lag in recognizing the symptoms of illness and/
or in the decision to seek care, which may be related to lower 
levels of education and/or youth. The second delay is associ-
ated with accessibility barriers, which in Argentina are not 
associated with healthcare cost—as it is free to the public, 
but with distance, transport, and the cost thereof. The third 
delay, receiving appropriate care, could be related to the 
higher percentage of patients admitted to the public sector 
who had been transferred from less-specialized centers (16).

Risk factors for maternal-fetal-neonatal mortality were 
APACHE II and MODS, while protective variables were prena-
tal care, admission to tertiary hospitals, and years of study. As 
a severity-of-illness score at admission, it is not surprising that 
APACHE II was associated with that outcome. Organ dysfunc-
tion is, as well, part of the passage from health to death; but 
what is relevant is that its detection provides an opportunity to 
act before death occurs.

Prenatal care has been consistently found as a protective 
factor for maternal mortality (16, 46), while being treated in a 
tertiary center may be associated with better system/provider 
factors, such as well-trained physicians—vital to preventing 
maternal death (52, 53). In a cross-sectional study, maternal 
education was found to be inversely correlated with maternal 
mortality, even after adjusting for economic status and insti-
tutional capacity (42). This is the first study that evaluates the 
negative impact of low levels of maternal education among 
critically ill obstetric patients and their babies.

Some limitations of this study should be noted. This 
was an observational study and, as such, prone to bias and 
confounding. The nonrandom nature of the center sam-
pling process may have introduced selection and response 
bias. However, the convenience sampling approach was 
realistic and made this study feasible. Furthermore, a 
large number of consecutive patients recruited across the 
country and from both public and private hospitals were 
included, increasing representation and generalizabil-
ity. Patient selection bias may also have occurred, since 
only patient accessing the health system were included. 
Nevertheless, in Argentina, 70% of maternal deaths occur 
within healthcare facilities. Another concern of this study 
could be related to its external validity. However, the three 
most frequent causes of admission to the ICU correspond 
with the most frequent obstetric admission diagnosis 
worldwide (34). Finally, confounding was controlled by 
multivariate analysis.

TAbLE 3. Causes of Admission for 362 
Pregnant/Postpartum Patients Admitted 
to 20 ICUs in Argentina During 2012

Obstetric 298 (82)

    Hypertensive disease of pregnancy 172 (58)

     Severe preeclampsia 85

     HELLP 38

     Eclampsia 30

     Eclampsia-HELLP 7

     Gestational hypertension 1

     Chronic hypertension 1

     Combination (hypertension- 
hemorrhage, etc.)

10

    Obstetric hemorrhage 96 (32)

     Primary postpartum hemorrhage 49

     Postoperative period after cesarean 
± hysterectomy for placenta accreta 
(scheduled)

17

     Antepartum hemorrhage 6

     Ectopic pregnancy 6

     Intrapartum hemorrhage 3

     Combination (hypertension- 
hemorrhage, etc.)

12

     Other 3

    Obstetric sepsis 38 (12.5)

     Septic abortion 21

     Puerperal sepsis 10

     Surgical site infection (cesarean) 3

     Other 4

    Other obstetric causes 9 (3)

Nonobstetric 64 (18)

    Sepsis 21 (33)

     Severe pneumonia 11

     Upper urinary tract infection 4

     Meningitis 2

     Other 4

    Neurologic 15 (23)

     Seizures (no eclampsia) 5

     Subarachnoid hemorrhage 3

     Postoperative of brain tumor 2

     Other 5

    Acute abdomen 10 (16) (acute 
pancreatitis = 5)

    Respiratory failure 3 (5)

    Diabetic ketoacidosis 3 (5)

    Multiple trauma 2 (3)

    Other 10 (16)

HELLP =  hemolysis, elevated liver enzymes, low platelet count.
Data are shown as n (%).
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TAbLE 5. Multivariate Analysis of Variables Associated With Maternal-Fetal-Neonatal 
Mortality Among 362 Critically Ill Obstetric Patients Admitted to 20 ICUs in Argentina

Variablea OR (95% CI) p

Acute Physiology and Chronic Health Evaluation II 1.12 (1.05–1.19) 0.000

Multiple-organ dysfunction syndromeb 2.28 (1.03–5.04) 0.042

Education: years of study 0.89 (0.80–0.98) 0.029

Admission to tertiary hospital 0.09 (0.02–0.56) 0.010

Prenatal care 0.24 (0.09–0.65) 0.005

OR = odds ratio.
aHosmer and Lemeshow test significance 0.45; model discrimination area under the receiver operating characteristic curve, 0.81 (0.74–0.88).
bDuring ICU length of stay, dysfunction of two or more organs according to Sequential Organ Failure Assessment score.

TAbLE 4. Complications and Interventions in ICU Among Pregnant/Postpartum Patients 
Requiring Admission to 20 ICUs in Argentina During 2012

Variable Total Public Private p

Complications in ICU

    Multiple-organ dysfunction syndrome 123 (34) 85/185 (46) 38/175 (22) 0.000

    Shock 102/360 (28) 72/185 (39) 30/175 (17) 0.000

    Type of shock 0.010

     Septic 28 25a 3

     Hypovolemic 63 37 26

     Septic and hypovolemic 5 5 0

     Other (anaphylactic, cardiogenic, and  
 neurogenic)

6 4 2

    Renal dysfunction

     Risk of renal dysfunction, according to RIFLE score 35 (9.7) 26/184 (14) 9/176 (5) 0.004

     Injury to the kidney, according to RIFLE score 18 (4.9) 13/184 (7) 5/176 (3) 0.089

     Failure of kidney function, according to RIFLE score 19 (5.2) 15/184 (8) 4/176 (2) 0.017

     Renal dysfunction (creatinine ≥ 0.9 mg/dL)b 89 (24.5) 54/184 (29) 35/174 (20) 0.043

     Renal dysfunction—Sequential Organ Failure  
 Assessment (creatinine ≥ 1.2 mg/dL)

37 (10.2) 28/184 (15) 9/174 (5) 0.002

     Acute respiratory distress syndrome 19/360 (5) 15/185 (8) 4/175 (2) 0.017

     Stroke 4 (1.1) 2/184 (1.1) 2/174 (1.15) 1

Level of intervention in ICU

    Invasive mechanical ventilation 91 (25) 75/186 (40) 16/176 (9) 0.000

    Days on mechanical ventilation 2 (1–5.25) 2 (1–6) 3 (1–4) 0.754

    Central venous catheter 148 (41) 119/185 (64) 29/175 (17) 0.000

    Pulmonary artery catheter 6 (1.7) 5/185 (2.7) 1/176 (0.56) 0.21

    Dialysis 12 (3.3) 10/184 (5.4) 2/176 (1.13) 0.036

    Hysterectomy 72 (20) 56/185 (30) 16/173 (9) 0.000

RIFLE = Risk of renal dysfunction, Injury to the kidney, Failure of kidney function, Loss of kidney function and End Stage Kidney Disease.
ap = 0.000 versus private sector.
bUpper cut point for normal pregnant patients.
Data are presented as n (%) or median (IQR).
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CONCLUSIONS
This is the largest, prospective study of obstetric patients 
requiring ICU care not only in Latin America but also in devel-
oping countries. It provides a thorough, meaningful com-
parison between characteristics, interventions, and outcomes 
between patients admitted to public and private health sectors. 
The impact of education on maternal mortality is demon-
strated for the first time in critically ill patients.

Important uncertainties, however, still remain. Future 
research needs to target the development of a severity score 
for predicting outcome in this population and to describe and 
analyze the factors that delay receiving healthcare of high qual-
ity (delayed decision to seek care, delayed arrival, and delayed 
provision of adequate care) and to design interventions to 
overcome these barriers. These interventions should include 
improvement of general socioeconomic variables regarding 
transport, education, and income to increase access to health-
care and specific educational activities directed at the general 
population, at pregnant patients, and also at physicians, to 
increasing awareness of these conditions.

In view of the exceptional requirement of ICU admission 
for obstetric patients and the expertise necessary for assuring 
good outcomes, international registries and networks should 
be created to analyze outcomes and trends aiming at improving 
maternal mortality, a notorious indicator of health inequity.
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