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Objective To describe the incidence of three conditions of acute severe maternal morbidity in selected regions
in nine European countries.

Design A population-based questionnaire survey.

Setting Eleven regions in nine countries of Europe.

Population All the pregnant women in each region who had delivered during the period covered by the study.

Methods Standard definitions of three severe obstetric conditions, pre-eclampsia, postpartum haemorrhage and
sepsis were established by a steering committee. A common questionnaire was used in each participating
country. The incidence of the three obstetric conditions and characteristics of the studywomenwere compared.

Main outcome measures Incidence of three severe obstetric conditions: pre-eclampsia, postpartum haem-
orrhage and sepsis.

Results The study identified 1734 women with at least one of the three conditions, with 847 experiencing
severe haemorrhage, 793 experiencing severe pre-eclampsia and 142 experiencing severe sepsis. There were
wide variations in incidence of three conditions combined, ranging from 14.7 per thousand deliveries in
Brussels, Belgium to 6.0 per thousand deliveries in Upper Austria.

Conclusions This study sets a simple and straightforward approach to the definition of three severe obstetric
conditions and allows population-based comparisons between developed countries in Europe, even though
difficulties may have been present with applying the definition across countries. The reported incidence of
these severe obstetric conditions in general and severe haemorrhage varied significantly between countries.
Overall, severe haemorrhage in particular was the most common of the three conditions, followed closely by
severe pre-eclampsia.

INTRODUCTION

Recent research has suggested that severe maternal

morbidity may be a better indicator of the quality and

effectiveness of obstetric care than mortality alone.1–4

Many earlier studies were small and restricted to a single

country. Most were based on hospital populations and in

many, cases of severe morbidity were defined as women

admitted to an intensive care unit (ICU) with data being

collected in the ICU only. The validity of such comparisons

is poor as a European survey showed that countries differ in

the way in which they organise their intensive care.5 In

addition, some of the studies were small and their defini-

tions of the clinical conditions were inconsistent.

Severe haemorrhage, severe pre-eclampsia including

HELLP syndrome and eclampsia, and severe sepsis were

the three complications most consistently reported in pre-

vious studies as causes of admission to intensive care.3,6–9

Together with thromboembolic disease, these conditions

are the leading causes of maternal mortality reported in

national surveys10–12 and are a significant public health

problem, especially in developed countries.

MOthers Mortality and Severe morbidity (MOMS) is a

European initiative aimed to overcome these problems by

using common definitions and collecting population-based

data. The project had two parts, Survey A, which collected
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and compared national data onmaternal deaths,13 and Survey

B, which identified cases of severe morbidity in 11 regions

within nine countries. This article describes Survey B.

METHODS

A steering committee of European clinicians and epi-

demiologists was set up in 1994. It met to establish the

conditions to be studied and agreed on definitions for them

(Table 1). The diagnosis of severe pre-eclampsia was

purely clinical. It was taken from the US National High

Blood Pressure Education Program Working Group report

on high blood pressure in pregnancy.14 The only modifi-

cation was to exclude the three blood criteria relating to

platelets, creatinine and hepatic enzymes. The steering

committee produced its own definition of severe haemor-

rhage. For sepsis, it adopted the definition produced by the

American College of Chest Physicians/Society of Critical

Care Medicine Consensus Conference.15

Nine countries of the European Union and two countries

outside the European Union, Hungary and Norway, partic-

ipated. In most of the countries, data collection took place in

just one region, but in France three regions were included

Table 1. Definition of selected conditions of acute severe maternal morbidity.

Definition

Severe pre-eclampsia14 Hypertension greater than 140/90 mmHg or blood pressure increases of 30 mmHg systolic or

15 mmHg diastolic and proteinuria greater than 0.3 g complicated by one or more of the following:

Hypertension greater than 160/110 mmHg

Proteinuria greater than 2 g/24 h or þþþ on dipstick

Oliguria <60 mL for 2 successive hours or <500 mL/24 h

Epigastric or liver pain

Headache and blurred vision

Pulmonary oedema

Eclampsia Any fitting in pregnancy that is unrelated to epilepsia.

HELLP (Haemolysis, Elevated Liver,

Enzymes and Low Platelet Count)

Hemolytic anaemia, hepatic cytolysis and thrombocytopenia:

bilirubin �1.0 mg/dL or 17.1 Amol/L

(haptoglobin �50 mg or schizocytes þ (if available)) and elevated aspartate aminotransferase �70 U/L or

elevated g-glutamyltransferase �70 U/L and platelets count below 100 � 109/L

Severe haemorrhage Measured blood loss �1500 mL at the time of pregnancy outcome, including birth, abortion, caesarean,

ectopic pregnancy

or blood loss requiring plasma expanders and/or blood 2500 mL in 24 hours

or blood loss resulting in maternal death

Sepsis15 Sepsis is a systemic inflammatory response to infection limited to the time of pregnancy outcome

such as birth or abortion and so forth. There must be coexisting:

A. Infection such as bacteraemia, endometritis

B: Two or more of the following:

Temperature >38jC or <36jC
Heart rate >90 beats/minute

Respiratory rate >20/min or Paco2 <32 mmHg

White cell count 12 � 109/L or <4 � 109/L or >10% immature forms

Table 2. The participating regions, the study period, the methods of ascertainment for cases identification and the number of deliveries according to the

participating country.

Country Region Study period (month/year) Methods of ascertainment No. of deliveries

Austria Upper Austria 9/1996–8/1997 Prospective 6022

Belgium Brussels 1/1996–12/1996 Prospective 17,042

Finland 65% of all deliveries 5/1996–9/1996 Prospective 17,249

France Champagne-Ardenne, Lorraine and Centre 1/1995–12/1995 Retrospective 71,909

Hungary Upper Danube 1/1995–12/1995 Prospective 13,667

Ireland Cork 1/1996–12/1996 Prospective 1800

Italy Puglia 3/1996–2/1997 Prospective 3170

Norway Oslo 1/1995–12/1995 Prospective 3010

UK South East Thames 1/1997–2/1998 Prospective 48,865
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and in Finland the whole country was covered. Data for

Denmark and Spain were excluded from the analysis be-

cause of incompleteness. The regions are listed in Table 2.

Data were collected on women who delivered after 24

completed weeks of gestation and experienced one or more

of the three conditions being studied.

A data collection form was designed by the steering

group. The data items included were the woman’s demo-

graphic details, her medical and obstetric history, her

antenatal care during the index pregnancy, the stage of

pregnancy at which one of the conditions first arose and

the care given. Data were collected by specially trained

researchers who visited each hospital in each region at two

weekly intervals. The exception was in France where data

were collected retrospectively from case notes.

The women’s post codes were recorded to exclude

those who lived outside the region. Data were collected

over the years, 1995 to 1998, but the periods covered

varied from country to country (Table 2). To ensure that

no deaths associated with the conditions studied were

excluded, data were also collected about all maternal

deaths in each region. The number of deliveries in the

region during the study period was ascertained from

identical sources.

Incidence rates were calculated for each condition sep-

arately as well as in terms of the number of women with

one or more of the conditions. A woman with several

conditions is counted separately within each condition.

Ninety-five percent confidence intervals were constructed

for the rates. The incidence of each condition for each

country was compared using the �2 test. The Kruskal–

Wallis H test was used to compare the distributions of the

study population.

The analyses were performed using the Statistical Pack-

age for the Social Sciences (SPSS) version 10.0.16

RESULTS

The methods of ascertainment, the study period and the

number of deliveries in each participating region are

summarised in Table 2 and the incidence rates and 95%

confidence intervals are shown in Table 3. Overall, 1734

women with one or more of the specified conditions were

identified in all the study regions combined.

Severe haemorrhage was the most common of the three

conditions with an incidence of 4.6 per thousand deliver-

ies, followed by severe pre-eclampsia with an incidence

of 4.3 per thousand deliveries, while severe sepsis was

much less common with an incidence of 0.8 per thou-

sand deliveries. Among the 793 women with severe pre-

eclampsia, there were 660 with diagnoses of pre-eclampsia,

53 with diagnoses of eclampsia and 123 with diagnoses

of HELLP.

There were wide variations in the incidence rate of the

three conditions combined, ranging from 14.7 in Belgium,

14.3 in Finland and 11.8 in the United Kingdom to 6.0 in

Austria and 6.1 in Ireland.

Among the 1734 women, there were 84 fetal deaths.

Forty-two fetal deaths were in the women with a diagnosis

of severe pre-eclampsia, 32 fetal deaths were in the women

with a diagnosis of haemorrhage, 5 deaths were in the

women with a diagnosis of sepsis and the remaining 5 fetal

deaths were in the women with a diagnosis of more then

one condition. There were four maternal deaths, three

among women with a diagnosis of haemorrhage includ-

ing two from France and one from Italy. One death from

France occurred from severe pre-eclampsia. A further

five deaths were recorded in the former southeast region

of the United Kingdom during the study period, but be-

cause of the constraints under which the Confidential

Enquiry into Maternal Deaths in the United Kingdom

Table 3. The number of women and incidence rate for all cases and for each specific condition according to the participating country.

Country No. of women with conditions Incidence rate, per 1000 deliveries (95% CI)*

All Severe PET** Haemorrhage Sepsis All Severe PET** Haemorrhage Sepsis

Austria 36 32 4 0 6.0 (4.1–8.3) 5.3 (3.6–7.5) 0.7 (0.2–1.8) 0.0 (0.0–0.6)y

Belgium 250 115 103 54 14.7 (12.9–16.6) 6.4 (5.6–8.1) 6.0 (5.0–7.4) 3.1 (2.4– 4.1)

Finland 246 86 152 18 14.3 (12.5–16.1) 5.0 (4.0–6.2) 8.8 (7.5–10.4) 1.0 (0.6–1.6)

France 459 214 221 36 6.4 (5.8–7.0) 3.0 (2.6–3.4) 3.1 (2.7–3.5) 0.5 (0.4–0.7)

Hungary 107 81 22 6 7.8 (6.4–9.5) 6.4 (5.1–7.9) 1.6 (1.0–2.5) 0.4 (0.2–1.0)

Ireland 11 9 2 0 6.1 (3.1–10.9) 5.0 (2.4–9.8) 1.1 (0.2–4.5) 0.0 (0.0–2.0)y

Italy 22 19 4 1 6.9 (4.4–10.5) 6.0 (3.7–9.5) 1.3 (0.4–3.5) 0.3 (0.0–1.8)

Norway 26 6 8 12 8.6 (5.7–12.6) 2.0 (0.8–4.6) 2.7 (1.2–5.2) 4.0 (2.1–7.0)

UK 577 231 331 15 11.8 (10.9–12.8) 4.7 (4.1–5.4) 6.8 (6.1–7.5) 0.3 (0.2–0.5)

Total 1734z 793 847 142 9.5 (9.1–9.9) 4.3 (4.0–4.7) 4.6 (4.3–5.0) 0.8 (0.7–0.9)

P§ <0.001 <0.001 <0.001 <0.001

* Confidence interval.
** PET ¼ pre-eclampsia including HELLP syndrome and eclampsia.
y Exact limit.
z Numbers do not add to total as some women had more than one condition.
§ P values for the differences of incidence rates between countries are based on the m2 tests.

INCIDENCE OF THREE CONDITIONS OF ACUTE SEVERE MATERNAL MORBIDITY 91

D RCOG 2004 BJOG: an International Journal of Obstetrics and Gynaecology 112, pp. 89–96



operates, details about them were not made available to

our study.17 Nevertheless, they were included in calcula-

tions, which gave a case fatality of 5.2 per thousand among

1739 women.

Data about the women’s age and parity and whether

they were admitted to an intensive care unit are shown in

Table 4. On average, the women in Hungary were younger

than those in other countries and the percentage of women

aged younger than 35 years was lowest in Norway and

Hungary. There was also a significant difference between

the percentages of primaparae among the different

countries in the study.

Marked differences were seen in the percentages of

women admitted to an intensive care unit. About half the

Austrian women and around a quarter of women in Bel-

gium, France, Italy and the United Kingdom were admitted.

DISCUSSION

The use of common definitions and methods of data

collection on a population basis is an advantage over those

studies that used admission to an intensive care unit as a

proxy measure of acute severe maternal morbidity. The

availability, definition and admission criteria of intensive

care units vary between countries and from one region to

another within the same country. For example, in some

Dutch hospitals, the measurement of capillary wedge pres-

sure with the Swanz–Ganz catheter is undertaken within

obstetric units, whereas it is conducted in intensive care

units in other hospitals. In addition, pilot studies in Brussels

suggested that the threshold for transfer to intensive care

units might vary according to the clinical workload of the

labour ward on the day concerned.

Table 4. The baseline characteristics of women with acute severe morbidity and organisation of care according to the participating country.

Country Age of women, years Parity Admitted to ICU

Mean (SD) �35 years (%) n* 0 (%) �1 (%) n* % n*

Austria 28.2 (5.8) 17.1 35 44.4 55.6 36 50.0 36

Belgium 29.4 (5.6) 19.6 250 39.0 61.0 246 24.7 243

Finland 30.4 (5.4) 22.0 246 34.6 65.4 246 8.7 230

France 28.5 (5.2) 12.9 459 45.3 54.7 459 29.5 457

Hungary 26.0 (5.8) 8.5 106 48.6 51.4 107 6.5 107

Ireland 29.9 (7.2) 36.4 11 63.6 36.4 11 0.0 11

Italy 29.2 (6.7) 18.2 22 31.8 68.2 22 22.7 22

Norway 28.2 (4.6) 7.7 26 53.8 46.2 26 3.8 26

UK 29.7 (5.8) 21.0 577 40.4 59.6 577 22.7 573

P** <0.001 0.001 0.048 <0.001

ICU ¼ Intensive care unit; SD ¼ standard deviation.
* Number of women with information available for analysis.
** P value for age difference between countries is based on Kruskal–Wallis H non-parametric test; P values for percentage differences between countries

of 35 year old women, parity and admitted to ICU are based on the m2 tests.

Table 5. Comparison of the incidence rate of three conditions of acute severe maternal morbidity between MOMS-B survey and other published data.

Author, place Study year No. of deliveries Incidence per 1000 deliveries (n)******

Pre-eclampsia* Haemorrhage Sepsis

Graham and Luxton,6 UK 1982–1986 21,983 0.6 (13) 0.05 (1)

Baskett and Sternadel,8 Canada 1980–1993 76,119 0.2 (14) 0.2 (12) 0.1 (8)

Monaco et al.,41 USA 1983–1990 15,323 1.0 (12) 0.2 (2)

Kilpatrick and Matthay,42 USA 1985–1990 8000 0.9 (7) 0.5 (4) 0.6 (5)

Mabie and Sibai,43 USA 1986–1989 22,651 4.1 (92) 0.9 (21) 0.4 (9)

Lapinsky et al.,44 Canada 1990–1994 25,000 0.9 (23) 0.4 (11) 0.1 (2)

Mahutte et al.,45 Canada 1991–1997 44,340 0.6 (28) 0.8 (34) 0.3 (13)

Tang et al.,46 Hong Kong 1988–1995 39,354 0.2 (7) 0.7 (26)

Bouvier-Colle et al.,47 France – 140,323 0.8 (114) 0.6 (87) 0.1 (19)

Hazelgrove et al.,48 UK 1994–1996 122,850 0.7 (83) 0.6 (70)

Murphy and Charlett,49 UK 1988–1999 51,567 0.3 (16) 0.2 (12) 0.05 (3)

Bewley and Creighton,50 UK 1991–1992 6039 2.3 (14) 2.3 (14) 0.5 (3)

Stones et al.,51 UK 1986–1986 2164 2.8 (6) 3.2 (7)

MOMS-B, Europe 1995–1998 182,734 4.3 (793) 4.6 (847) 0.8 (142)

* Including HELLP syndrome and eclampsia.
** Number of cases.
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The conditions were chosen firstly because they are the

leading causes of maternal morbidity and secondly because

they can be easily diagnosed without sophisticated equip-

ment. Pulmonary embolism was excluded for the later

reason, despite the fact that it is the leading cause of

maternal death in the United Kingdom.18

For the same reason, a clinical diagnosis of pre-eclampsia

was employed on the assumption that there might be differ-

ences in the availability of and accessibility to laboratory

and imaging techniques. Despite its precise definition,

sepsis may not have been fully ascertained. There is

evidence that some cases occurred after the woman had been

discharged from hospital. If these cases were managed by

primary care services or in a hospital without a maternity

unit, they may be missed by the project researchers.

The differences in rates of pre-eclampsia between

countries with a very low rate in Norway are, at this point,

difficult to explain. Hypotheses may be generated, such as,

differences in population susceptibility (genetic compo-

nent), differences in management of mild pre-eclampsia

or differences in diet. The same questions apply to sepsis

with zero value in Austria and in Ireland. A future study of

fuller understanding of the aetiology and the effect of area

characteristics on risk of maternal morbidity is needed.

Overall differences between countries were dominated

by differences in the incidence of haemorrhage. This

ranged from 8.8 per thousand deliveries in Finland to 0.7

in Austria. Possible explanations include differences in

ascertainment, differences in the age distribution after

women giving birth17,19–21 and differences in the ways in

which care is provided and in its quality.22–24

Observed differences should be interpreted with caution,

however, given the small number of cases in some

countries. Differences in ascertainment may also play a

part. In France, qualified midwives and doctors collected

the data retrospectively from case notes and had not been

involved in care for the women. This means that ascer-

tainment was dependent on the completeness of the in-

formation in the notes. In other countries, data were

collected prospectively. Nevertheless, the incidence rate

of three conditions combined together was low in Austria

and Ireland, and hence, differences in method of data

collection do not account for all variation observed in

these results.

Incidence rates may also reflect differences in clinical

management. Haemorrhage is reported to be the leading

cause of maternal death in Japan and Europe as a whole and

the third most common cause in the United States.25–29

Active management of the third stage may decrease the

incidence of haemorrhage.30,31 This approach is commonly

advocated in the United Kingdom, but a survey of mater-

nity units conducted in 2000–2001 in UK showed consid-

erable differences in practice between units.32

In our study, the countries with the highest incidence of

morbidity were not necessarily those with the highest

maternal mortality. Nor was there any obvious ecological

association between morbidity and some other factors

similar to the well-recognised association between infant

mortality and per capita income.33 The three countries

with the highest reported incidence of morbidity associated

with the three selected conditions were Belgium, Finland

and the United Kingdom. This could be because these

countries had the most complete ascertainment. It could

also be that maternal mortality is more closely associated

with the quality of care provided than with the prevalence

of morbidity.34,35

On average, the women with severe morbidity identified

in our study had higher mean age, 29.1 years and higher

proportion of women aged 35 years and older, 17.8% (not

shown in the results). Although maternal deaths are rare

in the United States and in Europe, women aged 35 years

and older have a higher risk for pregnancy-related death

than younger women.36,37 Morbidity related to older age

has public health implications, because there is trend to-

ward delayed childbearing in better-educated women.38

The childbirth-related morbidity increases with maternal

age.39,40

It would have been useful to have calculated age and

parity specific rates or standardised incidence rates for age

and parity. Unfortunately, the data required were not

available for all women delivering in the study areas for

the time periods when the studies were under way. The

wide differences apparent in Table 4 in the percentages of

older women and/or primparous women among the cases of

severe morbidity identified in the study suggest that these

could reflect differences in the childbearing populations in

the regions studied.

It is also likely that the choice of regions within

countries may have contributed to the differences observed.

For example, Brussels and the former South East Thames

region of England both include substantial inner city areas

with high proportions of women from migrant and minority

ethnic groups, while France chose three regions without

major cities.

Comparisons with other studies of maternal morbidity

and the incidence of the conditions ascertained in our study

are summarised in Table 5. As can be seen, some were

undertaken in the countries of Europe that took part in our

collaboration and some in other developed countries.6,8,41–51

The incidence rates of severe pre-eclampsia, postpartum

haemorrhage and sepsis in our study are far higher than

those studies which used a definition based on inten-

sive care admission,8,41,42,44–50 and are also higher to

that which used a definition based on specific pathology51

or to that reported in centre which have developed

obstetric ICUs as part of the labour and delivery area;

however, even 0.4 per thousand women in this centres

need further transfer to a medical or surgical intensive

care unit.43 The higher incidence in our study may be in

part due to improved data assessment identifying more

(nearly all) cases by using standardised definition in a

large population.
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A number of recent articles have explored the concept

of ‘near-miss’ maternal morbidity and proposed it as a

useful tool for monitoring maternal health.52,53 It is

however a concept, which requires further clarification

and definition before it can be used more widely in

comparative studies. In our study, it is likely that despite

concerted unequivocal definitions, differences in rates

observed between regions are partly related to ascertain-

ment bias. This is most likely to be true for haemorrhage,

where diagnosis is always difficult,54 but this has been

successfully used elsewhere.55 Difficulties with the con-

cept of ‘near-miss’ exist on many levels. On a purely

semantic level, authors have yet to agree on a unique

definition that would encompass most of the cases of

severe maternal morbidity. We have conducted a Medline

search using the following keywords: ‘critical’, ‘catastroph-

ic’, ‘life-threatening’, ‘near-miss’, ‘severe’ ‘emergency’ and

‘intensive care’ and have identified articles which have not

been previously retrieved. There may be further keywords

that we have not managed to identify. This semantic

problem is only the tip of the iceberg. Even if we could

agree on a unique term to be used in all cases where the

clinician believes maternal life to be in danger, how

reproducible would this concept be? Is there a need for a

comprehensive list? By definition, it is bound to exclude

fatal conditions. In addition to the subjectivity inherent in

the formulation of such a list, identification of such cases

would still be dependent on the nature and organisation of

health care systems. In the same way as assessment of

maternal deaths in the developing world is hampered by

lack of good information systems, it might be difficult to

assess a ‘near miss’, even in the developed world if vital

information is not recorded in clinical notes or if these

notes were lost.

As maternal mortality is a rare event in developed

countries, initiatives towards measuring maternal morbidity

may be more desirable. Potential indicators cover a wide

spectrum of subjective measures ranging from normal well-

being,56 long term disability, mental ill health, to severe

physical morbidity. It has been suggested by Geller et al.52

that a conceptual framework for ‘near-miss’ maternal mor-

bidity should include a complex set of three categories of

items: clinically defined conditions such as severe pre-

eclampsia, events such as seizures, and medical procedures

such as ventilation. This approach was, in effect, the one

the steering committee had developed intuitively early on

in the MOMS-B study, although it must be said that they

had not formally acknowledged the three-component ap-

proach as it has since been established by Geller et al.52

We therefore believe that the MOMS-B study is an ex-

ploratory study in this direction. Further work on a prac-

tical measure for severe maternal morbidity will be

necessary. The validity of such a tool could be explored

further using case–control studies. Meanwhile, popula-

tion-based epidemiological descriptions of severe maternal

morbidity are continuing to be reported.17,57

CONCLUSIONS

By using standardised definitions and a population-based

approach, we have demonstrated that conditions associated

with acute severe maternal morbidity are not rare. Severe

haemorrhage was the most common of the three conditions

we studied, but its incidence varied widely between Euro-

pean countries.
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Professor Raphaël Lagasse for their advice and comments.

The following person and institutions constituted the
MOMS-B Group.

Project Leader: M.H. Bouvier-Colle; co-ordinator for

MOMS-B subproject S. Alexander, Brussels, Belgium.

Austria—M. Klein, C. Vutuc, Vienna. Belgium—S. Al-

exander, Brussels. Finland—R. Erkkola, Turku; M. Giss-

ler, Helsinki. France—G. Breart, B. Salanave, N. Varnoux,

Paris. Hungary—I. Berbik, Esztergom; J. Egyed, Budapest.

Ireland—M. Jenkins, Cork. Italy—L. Chiechi, Bari. Nor-

way—B. Stray-Pedersen, Oslo. United Kingdom—A.

Macfarlane, C. Wolfe, M. Waterstone, London.

References

1. Fitzpatrick C, Halligan A, McKenna P, Coughlan BM, Darling MR,

Phelan D. Near miss maternal mortality (NMM). Ir Med J 1992;

85(1):37.

2. Drife JO. Maternal ‘near miss’ reports? BMJ 1993;307(6912):1087–

1088.

3. Mantel GD, Buchmann E, Rees H, Pattinson RC. Severe acute

maternal morbidity: a pilot study of a definition for a near-miss. Br J

Obstet Gynaecol 1998;105(9):985–990.

4. Koeberle P, Levy A, Surcin S, et al. Severe obstetric complications

necessitating hospitalization and intensive care: a ten year retrospec-

tive study. Ann Fr Anesth Reanim 2000;19(6):445–451.

5. Vincent JL, Suter P, Bihari D, Bruining H. Organization of intensive

care units in Europe: lessons from the EPIC study. Intensive Care

Med 1997;23(11):1181–1184.

6. Graham SG, Luxton MC. The requirement for intensive care support

for the pregnant population. Anaesthesia 1989;44(7):581–584.

7. Lewinsohn G, Herman A, Leonov Y, Klinowski E. Critically ill

94 W.-H. ZHANG ET AL.

D RCOG 2004 BJOG: an International Journal of Obstetrics and Gynaecology 112, pp. 89–96



obstetrical patients: outcome and predictability. Crit Care Med 1994;

22(9):1412–1414.

8. Baskett TF, Sternadel J. Maternal intensive care and near-miss

mortality in obstetrics. Br J Obstet Gynaecol 1998;105(9):981–984.

9. Tripathi R, Rathore AM, Saran S. Intensive care for critically ill

obstetric patients. Int J Gynaecol Obstet 2000;68(3):257–258.

10. Rochat RW, Koonin LM, Atrash HK, Jewett JF. Maternal mortality in

the United States: report from the Maternal Mortality Collaborative.

Obstet Gynecol 1988;72(1):91–97.

11. Hogberg U, Innala E, Sandstrom A. Maternal mortality in Sweden,

1980–1988. Obstet Gynecol 1994;84(2):240–244.

12. Schuitemaker N, Van Roosmalen J, Dekker G, Van Dongen P, Van

Geijn H, Bennebroek GJ. Confidential enquiry into maternal deaths in

The Netherlands 1983–1992. Eur J Obstet Gynecol Reprod Biol

1998;79(1):57–62.

13. Salanave B, Bouvier-Colle MH, Varnoux N, Alexander S, Macfarlane

A. Classification differences and maternal mortality: a European

study. MOMS Group. MOthers’ Mortality and Severe morbidity. Int J

Epidemiol 1999;28(1):64–69.

14. National High Blood Pressure Education Program Working Group.

Report on high blood pressure in pregnancy. Am J Obstet Gynecol

1990;163(5 Pt 1):1691–1712.

15. Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and organ

failure and guidelines for the use of innovative therapies in sepsis. The

ACCP/SCCM Consensus Conference Committee. American College

of Chest Physicians/Society of Critical Care Medicine. Chest

1992;101(6):1644–1655.

16. SPSS Inc. SPSS Base 10.0 User’s Guide. Chicago: Prentice-Hall, 1999

[Paperback edition].

17. Waterstone M, Bewley S, Wolfe C. Incidence and predictors of

severe obstetric morbidity: case–control study. BMJ 2001;322(7294):

1089–1093.

18. Department of Health. Why Mothers Die. Report on Confidential

Enquiries into Maternal Deaths in the United Kingdom 1988–1990.

London: HMSO, 1994.

19. Lehmann DK, Chism J. Pregnancy outcome in medically complicated

and uncomplicated patients aged 40 years or older. Am J Obstet

Gynecol 1987;157(3):738–742.

20. Jonas O, Chan A, Roder D, Macharper T. Pregnancy outcomes in

primigravid women aged 35 years and over in South Australia, 1986–

1988. Med J Aust 1991;154(4):246–249.

21. Tan KT, Tan KH. Pregnancy and delivery in primigravidae aged 35

and over. Singap Med J 1994;35(5):495–501.

22. Glazener CM, Abdalla M, Stroud P, Naji S, Templeton A, Russell IT.

Postnatal maternal morbidity: extent, causes, prevention and treat-

ment. Br J Obstet Gynaecol 1995;102(4):282–287.

23. Ansari MZ, Mueller BA, Krohn MA. Epidemiology of eclampsia. Eur

J Epidemiol 1995;11(4):447–451.

24. Bouvier-Colle MH, Ould EJ, Varnoux N, et al. Evaluation of the

quality of care for severe obstetrical haemorrhage in three French

regions. Br J Obstet Gynaecol 2001;108(9):898–903.

25. Nagaya K, Fetters MD, Ishikawa M, et al. Causes of maternal

mortality in Japan. JAMA 2000;283(20):2661–2667.

26. Atrash HK, Alexander S, Berg CJ. Maternal mortality in developed

countries: not just a concern of the past.Obstet Gynecol 1995;86(4 Pt 2):

700–705.

27. Bouvier-Colle MH, Varnoux N, Breart G. Maternal deaths and

substandard care: the results of a confidential survey in France.

Medical Experts Committee. Eur J Obstet Gynecol Reprod Biol 1995;

58(1):3–7.

28. Department of Health. Why Mothers Die. Report on Confidential

Enquiries into Maternal Deaths in the United Kingdom 1991–1993.

London: HMSO, 1996.

29. Kaunitz AM, Hughes JM, Grimes DA, Smith JC, Rochat RW,

Kafrissen ME. Causes of maternal mortality in the United States.

Obstet Gynecol 1985;65(5):605–612.

30. Ledee N, Ville Y, Musset D, Mercier F, Frydman R, Fernandez H.

Management in intractable obstetric haemorrhage: an audit study on

61 cases. Eur J Obstet Gynecol Reprod Biol 2001;94(2):189–196.

31. McCormick ML, Sanghvi HC, Kinzie B, McIntosh N. Preventing

postpartum hemorrhage in low-resource settings. Int J Gynaecol

Obstet 2002;77(3):267–275.

32. Mousa HA, Alfirevic Z. Major postpartum hemorrhage: survey of

maternity units in the United Kingdom. Acta Obstet Gynecol Scand

2002;81(8):727–730.

33. Katz M, Rubino A, Collier J, Rosen J, Ehrich JH. Demography of

pediatric primary care in Europe: delivery of care and training.

Pediatrics 2002;109(5):788–796.

34. Bhatt RV. Professional responsibility in maternity care: role of

medical audit. Int J Gynaecol Obstet 1989;30(1):47–50.

35. Maine D, Rosenfield A. The Safe Motherhood Initiative: why has it

stalled? Am J Public Health 1999;89(4):480–482.

36. Chang J, Elam-Evans LD, Berg CJ, et al. Pregnancy-related mortality

surveillance—United States, 1991–1999. MMWR Surveill Summ

2003;52(2):1–8.

37. Alexander S, Wildman K, ZhangW, Langer M, Vutuc C, Lindmark G.

Maternal health outcomes in Europe.Eur J Obstet Gynecol Reprod Biol

2003;111(Suppl 1):S78–S87.

38. Heck KE, Schoendorf KC, Ventura SJ, Kiely JL. Delayed childbear-

ing by education level in the United States, 1969–1994.Matern Child

Health J 1997;1(2):81–88.

39. Scott CL, Chavez GF, Atrash HK, Taylor DJ, Shah RS, Rowley D.

Hospitalizations for severe complications of pregnancy, 1987–1992.

Obstet Gynecol 1997;90(2):225–229.

40. Hebert PR, Reed G, Entman SS, Mitchel Jr EF, Berg C, Griffin MR.

Serious maternal morbidity after childbirth: prolonged hospital stays

and readmissions. Obstet Gynecol 1999;94(6):942–947.

41. Monaco Jr TJ, Spielman FJ, Katz VL. Pregnant patients in the

intensive care unit: a descriptive analysis. South Med J 1993;86(4):

414–417.

42. Kilpatrick SJ, Matthay MA. Obstetric patients requiring critical care.

A five-year review. Chest 1992;101(5):1407–1412.

43. Mabie WC, Sibai BM. Treatment in an obstetric intensive care unit.

Am J Obstet Gynecol 1990;162(1):1–4.

44. Lapinsky SE, Kruczynski K, Seaward GR, Farine D, Grossman RF.

Critical care management of the obstetric patient. Can J Anaesth

1997;44(3):325–329.

45. Mahutte NG, Murphy-Kaulbeck L, Le Q, Solomon J, Benjamin A,

Boyd ME. Obstetric admissions to the intensive care unit. Obstet

Gynecol 1999;94(2):263–266.

46. Tang LC, Kwok AC, Wong AY, Lee YY, Sun KO, So AP. Critical

care in obstetrical patients: an eight-year review. Chin Med J (Engl)

1997;110(12):936–941.

47. Bouvier-Colle MH, Salanave B, Ancel PY, et al. Obstetric patients

treated in intensive care units and maternal mortality. Regional Teams

for the Survey.Eur J Obstet Gynecol Reprod Biol 1996;65(1):121–125.

48. Hazelgrove JF, Price C, Pappachan VJ, Smith GB. Multicenter study

of obstetric admissions to 14 intensive care units in southern England.

Crit Care Med 2001;29(4):770–775.

49. Murphy DJ, Charlett P. Cohort study of near-miss maternal mortality

and subsequent reproductive outcome. Eur J Obstet Gynecol Reprod

Biol 2002;102(2):173–178.

50. Bewley S, Creighton S. ‘Near-miss’ obstetric enquiry. J Obstet

Gynaecol 1997;17(1):26–29.

51. Stones W, Lim W, Al Azzawi F, Kelly M. An investigation of

maternal morbidity with identification of life-threatening ‘near miss’

episodes. Health Trends 1991;23(1):13–15.

52. Geller SE, Rosenberg D, Cox SM, Kilpatrick S. Defining a conceptual

framework for near-miss maternal morbidity. J Am Med Women’s

Assoc 2002;57(3):135–139.

53. Pattinson RC, Buchmann E, Mantel G, Schoon M, Rees H. Can en-

quiries into severe acute maternal morbidity act as a surrogate for ma-

ternal death enquiries? Br J Obstet Gynaecol 2003;110(10):889–893.

54. Razvi K, Chua S, Arulkumaran S, Ratnam SS. A comparison between

INCIDENCE OF THREE CONDITIONS OF ACUTE SEVERE MATERNAL MORBIDITY 95

D RCOG 2004 BJOG: an International Journal of Obstetrics and Gynaecology 112, pp. 89–96



visual estimation and laboratory determination of blood loss during

the third stage of labour. Aust N Z J Obstet Gynaecol 1996;36(2):

152–154.

55. Berg CJ, Bruce FC, Callaghan WM. From mortality to morbidity: the

challenge of the twenty-first century. J Am Med Women’s Assoc

2002;57(3):173–174.

56. Alexander S, Bouvier-Colle MH. Vaginal delivery vs. a ‘nice clean

cut’: giving more attention to mothers’ postpartum health. Paediatr

Perinat Epidemiol 2001;15(3):241–242.

57. Danel I, Berg C, Johnson CH, Atrash H. Magnitude of maternal

morbidity during labor and delivery: United States, 1993–1997. Am J

Public Health 2003;93(4):631–634.

Accepted 11 May 2004

96 W.-H. ZHANG ET AL.

D RCOG 2004 BJOG: an International Journal of Obstetrics and Gynaecology 112, pp. 89–96


