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Introduction

Prevention of maternal deaths is one of the major goals
in global maternity care (1,2). Maternal mortality is used
as a quality marker for obstetric care (3,4). Fortunately,
maternal deaths have become rare events in high-income
countries (5,6). Therefore, other markers including severe
acute maternal morbidity (SAMM) have been introduced

Abstract

Introduction. This study was performed to assess the applicability of the WHO
Maternal Near Miss Tool (MNM Tool) and the organ dysfunction criteria in a
high-income country. Material and methods. The MNM tool was applied to
2552 women who died of pregnancy-related causes or sustained severe acute
maternal morbidity between August 2004 and August 2006 in one of the 98
hospitals with a maternity unit in the Netherlands. Fourteen (0.6%) cases had
insufficient data for application. Each case was assessed according to the three
main “MNM categories” specified in the MNM tool and their subcategory
criteria: five disease-, four intervention- and seven organ dysfunction-based cri-
teria. Potentially life-threatening conditions (disease-based inclusions) and life-
threatening cases (organ dysfunction-based inclusions) were differentiated
according to WHO methodology. Outcomes were incidence of all (sub)cate-
gories and case-fatality rates. Results. Of the 2538 cases, 2308 (90.9%) women
fulfilled disease-based, 2116 (83.4%) intervention-based and 1024 (40.3%)
organ dysfunction-based criteria. Maternal death occurred in 48 women, of
whom 23 (47.9%) fulfilled disease-based, 33 (68.8%) intervention-based and 31
(64.6%) organ dysfunction-based criteria. Case-fatality rates were 23/2308
(1.0%) for cases fulfilling the disease-based criteria, 33/2116 (1.6%) for inter-
vention-based criteria and 31/1024 (3.0%) for women fulfilling the organ dys-
function-based criteria. Conclusions. In the Netherlands, where advanced
laboratory and clinical monitoring are available, organ dysfunction-based crite-
ria of the MNM tool failed to identify nearly two-thirds of sustained severe
acute maternal morbidity cases and more than one-third of maternal deaths.
Disease-based criteria remain important, and using only organ dysfunction-
based criteria would lead to underestimating severe acute maternal morbidity.

Abbreviations: MNM, Maternal Near Miss; SAMM, severe acute maternal
morbidity; WHO, World Health Organization.

Key Message

In the Netherlands, the organ dysfunction-based cri-
teria of the WHO Maternal Near Miss Tool failed to
identify nearly two-thirds of sustained severe acute
maternal morbidity cases and more than one-third of
maternal deaths.
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to monitor the quality of obstetric care (5). SAMM is a
stage in the continuum between complication and mor-
tality, occurs more frequently than mortality (3,7) and
may have similar associated factors (1).

To arrive at a universal and discriminatory definition
of severe maternal morbidity, the World Health Organi-
zation (WHO) proposes the term “Maternal Near Miss”
(MNM). MNM is defined as a woman who nearly died
but survived a complication that occurred during preg-
nancy, childbirth or within 42 days of termination of
pregnancy (8). With the aim of creating uniform criteria
to detect and monitor MNM and enable cross-country
comparisons (1), WHO developed the Maternal Near
Miss Tool (MNM Tool) (Figure 1) (8). This tool summa-
rizes three main types of criteria to identify MNM: five
disease-based criteria (A0—4, “A-criteria”); four critical
interventions (B0-3, “B-criteria”) and seven organ dysfunc-
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tion criteria (C0-6, “C-criteria”) (1,8). According to WHO,
C-criteria are the most promising markers to detect MNM,
since organ dysfunction is the ultimate step in the contin-
uum from complication to death (1,9,10). WHO claims that
C-criteria are sensitive enough to pick up severe (life-
threatening) cases and specific enough not to include
“unnecessary,” less severe (potentially life-threatening)
complications, so as to arrive at a manageable workload for
audit purposes.

The MNM tool applicability was previously studied in
single institutions in a variety of settings, including Brazil,
Malawi and Tanzania (10-12). These studies indicate that
the MNM tool in general and the organ dysfunction cri-
teria in particular detect only a small proportion of all
severe morbidity (Brazil 12%, Malawi 22%, Tanzania
42%). In addition, the largest assessment of the MNM
tool to date, performed by WHO, did not include any

Group A: severe complications/potentially life threatening conditions

+  AQ: severe postpartum hemorrhage
. Al: severe pre-eclampsia
. A2: eclampsia

«  A3:sepsis or severe systemic infection

. A4: ruptured uterus

Group B: critical interventions or intensive care unit admission
. BO: use of blood products (includes any blood transfusion)
«  Bl: interventional radiology (uterine artery embolization)
. B2: laparotomy (other than caesarean section)

. B3: admission to intensive care unit

Group C: organ dysfunction/ life-threatening conditions

¢ CO: cardiovascular dysfunction

- Shock, cardiac arrest (absence of pulse/ heart beat and loss of consciousness),
use of continuous vasoactive drugs, cardiopulmonary resuscitation, severe
hypoperfusion (lactate >5 mmol/L or >45 mg/dL), severe acidosis (pH <7.1)

. C1: respiratory dysfunction

- Acute cyanosis, gasping, severe tachypnea (respiratory rate >40 breaths per
min), severe bradypnea (respiratory rate <6 breaths per min), intubation
and ventilation not related to anesthesia, severe hypoxemia (O, saturation
<90% for 260 minutes or PAO,/Fi0, <200)

. C2: renal dysfunction

- Oliguria non-responsive to fluids or diuretics, dialysis for acute renal failure,
severe acute azotemia (creatinine =300 pmol/mL or >3.5 mg/dL)

. C3: coagulation/ hematologic dysfunction

- Failure to form clots, massive transfusion of blood or red cells (=5 units),
severe acute thrombocytopenia (<50 000 platelets/mL)

. C4: hepatic dysfunction

- Jaundice in the presence of pre-eclampsia, severe acute hyperbilirubinemia
(bilirubin > 100 pmol/L or >6.0 mg/dL)

+  C5:neurologic dysfunction

- Prolonged unconsciousness (lasting >12 h)/coma (including metabolic
coma), stroke, uncontrollable fits/status epilepticus, total paralysis

. C6: uterine dysfunction/ hysterectomy

- Uterine hemorrhage or infection leading to hysterectomy

Figure 1. Maternal Near Miss tool groups and subcategories (8).
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high-income European country (13). This means that the
applicability of the MNM tool in these countries is cur-
rently not known.

Therefore, this study was performed to validate the
MNM tool in the Netherlands, as an example of a high-
income European country. Our aims were to investigate
the applicability of the MNM tool and to determine
whether organ dysfunction criteria are suitable as markers
to identify severe morbidity.

Material and methods

We applied the WHO MNM tool to a previously col-
lected cohort of women who sustained severe morbidity
in the Netherlands (LEMMoN study) (14). Data collec-
tion was done prospectively between 1 August 2004 and 1
August 2006. All 98 hospitals with a maternity unit par-
ticipated: 10 tertiary care centers, 33 non-university teach-
ing hospitals and 55 general hospitals. Inclusion criteria
were: intensive care unit admission, uterine rupture,
eclampsia or HELLP (hemolysis, elevated liver enzymes,
low platelets) syndrome with liver hematoma or rupture,
major obstetric hemorrhage (defined as a need for four
and more units of blood for transfusion) and a miscella-
neous group of cases of severe morbidity in the opinion
of the treating obstetrician, which could not be included
in groups 1-4. Maternal deaths during the study period
were also included. More detailed information about data
collection of the LEMMoN study was described previ-
ously (14).

The MNM groups and subcategories are shown in Fig-
ure 1. The MNM tool was applied to each LEMMoN
case. Fourteen (0.6%) cases were excluded due to insuffi-
cient data for application of the tool. Each case could be
part of more than one MNM group and fulfill several
subcategories, which are called events. For example, a
woman with major postpartum hemorrhage who received
six units of packed cells, fulfilled disease-based (event: sev-
ere postpartum hemorrhage), intervention-based (event:
use of blood products) and organ dysfunction-based
(event: coagulation dysfunction defined as >5 units of
blood) criteria. Based on WHO terminology, disease-based
criteria are used to identify potentially life-threatening con-
ditions, whereas organ dysfunction-based criteria identify
life-threatening conditions.

For each woman, the following parameters were avail-
able: maternal age, parity, body mass index, smoking
habits during pregnancy, socio-economic status indicator
according to postal code (14), ethnic origin as defined by
Statistics Netherlands (15), mode of delivery, quantity of
blood loss and number of received blood products. If
additional information was necessary, anonymized patient
records were also available. Two investigators (IK, HB)
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independently applied the MNM tool to all SAMM cases.
Afterwards, their results were compared. Differences in
interpretation were discussed with the entire research
team until consensus about categorization was reached.
Cases with incomplete or missing information were dis-
cussed within the research team to prevent misclassifica-
tion or unnecessary exclusion.

Primary outcomes were the number of women and
events detected within the three main MNM groups and
subcategories (A0—4, B0-3, C0—6). Based on these and the
numbers of maternal deaths, case-fatality rates were cal-
culated. A comparison was made between women with
potentially life-threatening conditions and those with life-
threatening conditions.

In this study we used anonymous data from the LEM-
MoN study that cannot be related to any individual. The
LEMMOoN study was approved by the medical ethics com-
mittee of the Leiden University Medical Center (P04-020;
8 March 2004) (14).

Statistical analysis

The numeric parameters were compared using indepen-
dent sample t-tests. Statistical analysis was performed
using SPSS statistics, version 20.0 (IBM Corp., Armonk,
NY, USA).

Results

In the period of the LEMMOoN study, there were 371 623
deliveries in the Netherlands (15). A total of 2552 SAMM
cases were reported (0.7% of all deliveries). General char-
acteristics of the 2538 women assessed by the MNM tool
are shown in Table 1. Of these, 2308 women (90.9%) ful-
filled one or more disease based-criteria, 2116 (83.4%)
one or more intervention based-criteria and 1024 (40.3%)
one or more organ dysfunction-based criteria. In total
there were 7007 events reported, of which 2638 (37.6%)
were disease-based, 3190 (45.5%) intervention-based and
1179 (16.8%) organ dysfunction-based. Table 2 shows the
number of events in each subcategory.

During the study period, 48 deaths occurred. Of
these, 23 (47.9%) fulfilled disease-based, 33 (68.8%)
intervention-based and 31 (64.6%) organ dysfunction-
based criteria. There were five maternal deaths (10.4%)
that could not be classified into any MNM group: sui-
cide, acute asthma exacerbation, pancreas carcinoma,
liver cirrhosis and massive pulmonary embolism, respec-
tively. The case-fatality rate was 23/2308 (1.0%) for cases
that only fulfilled disease-based criteria, 33/2116 (1.6%)
for cases that additionally fitted intervention-based crite-
ria and 31/1024 (3.0%) for cases fulfilling organ dys-
function criteria.
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Table 1. Characteristics of women in the study.

n %
Age (years)
<20 31 1.2
20-34 1770 69.8
35-39 589 23.2
>40 122 4.8
Unknown 26 1.0
Parity
0 1259 49.6
1 867 34.2
>2 390 16.3
Unknown 22 0.9
Mode of delivery
Induction of labor 1196 471
Spontaneous 1118 441
Cesarean section 1058 a41.7
Ventouse/forceps 300 11.8
Breech delivery 10 0.4
Unknown 11 0.4
Quantity of blood loss (L)
<1 688 271
1.0-4.9 1390 54.8
5.0-9.9 159 6.3
>10 31 1.2
Unknown 271 10.7
Smoking during pregnancy
Yes 176 6.9
No 1294 51.0
Unknown 1068 421
Body mass index
<18.5 60 2.4
18.5-24.9 969 38.2
25.0-29.9 386 15.2
>30 238 8.6
Unknown 905 35.6
Socio—economic status indicator
Low 701 27.6
Middle 991 39.1
High 520 20.5
Unknown 326 12.8
Received packed cells (n)
0 734 28.9
<5 946 38.4
5-9 542 37.3
10-19 189 7.4
>20 50 2.0
Unknown 77 3.0
Ethnic origin
Netherlands 1862 73.4
Morocco 116 4.6
Surinam/Dutch Antilles 111 4.3
Sub-Sahara Africa 93 3.7
Turkey 87 3.4
Indonesia 112 4.4
South-America 10 0.4
Other Western? 113 4.5
Unknown 34 1.3

9Japan, USA, Canada.
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Comparison  between  potentially life-threatening
(women fulfilling disease-based criteria) and life-threaten-
ing (women fulfilling organ dysfunction criteria) condi-
tions is shown in Table 3. In the life-threatening group
the following parameters were significantly different:
higher maternal age, longer duration of hospital stay,
lower body mass index, lower maximum diastolic blood
pressure, more blood loss and transfusion of packed cells.

Discussion

To our knowledge, this is the first study evaluating the
application of the WHO MNM tool in a high-income
European country. Our findings show that the organ dys-
function criteria failed to identify nearly 60% of severe
maternal morbidity cases. In contrast, disease-based crite-
ria detected more than 90% of the SAMM cases.

Our results are comparable to other studies from dif-
ferent settings. A cross-sectional study in Brazil found
that only 10 of 84 (12%) MNM cases fulfilled organ dys-
function criteria. Two more recent studies (2013) in
Malawi and Tanzania found organ dysfunction detection
percentages of 22% (84 of 386 women) and 42% (103 of
248 women). Importantly, case-fatality rates for the study
populations in these countries were 3.2% (Brazil), 12%
(Malawi) and 13% (Tanzania), which indicates that it is
justified to state that all women with SAMM in these
countries actually have “life-threatening” conditions. The
low detection results were attributed to absence of sophis-
ticated laboratory diagnostics and lack of manpower to
perform extensive clinical monitoring in low-income
countries (10,12). In the Netherlands, however, such labo-
ratory diagnostics and human resources are available.
Therefore, our nationwide results indicate that organ dys-
function-based criteria also underperform in a setting
with sufficient resources.

The differentiation between “potentially life-threaten-
ing” and “life-threatening” conditions shows a signifi-
cantly higher maternal age, longer duration of hospital
stay, more units of packed cells, more blood loss and
higher parity in the life-threatening group. These determi-
nants are known factors associated with maternal morbid-
ity or mortality (12,16). Mean body mass index and
maximum diastolic blood pressure were higher in the
potentially life-threatening group, which may be
explained by the fact that obesity is a risk factor for high
blood pressure and (pre)eclampsia (16,17).

The case-fatality rate was highest for organ dysfunction
criteria (potentially life-threatening 1.0%, life-threatening
3.0%), which suggests that the WHO terminology “life-
threatening” may be justified. However, attributing this
terminology to this relatively limited difference in case-
fatality rate can be considered highly arbitrary, since both
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Table 2. Overview after application of the Maternal Near Miss Tool.
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Category SAMM cases (%) Events (%) Subcategory Events (%)
A: disease 2308 (90.9) 2638 (37.6) 0: PPH 1635 (61.9)
1: Pre-eclampsia 414 (15.7)
2: Eclampsia 242 (9.2)
3: Infection/sepsis 118 (4.5)
4: Ruptured uterus 229 (8.7)
B: intervention 2116 (83.4) 3190 (45.5) 0: Any blood products 1738 (57.5)
1: Interventional radiology 11 3.7)
2: Laparotomy 267 (8.8)
3: Admission to ICU 909 (30.0)
C: organ failure 1024 (40.3) 1179 (16.8) 0: Cardiovascular 165 (12.5)
1: Respiratory insufficiency 115 (8.7)
2: Renal 26 (2.0)
3: Coagulation/Hematologic 846 (63.8)
4: Hepatic insufficiency 7 (2.0)
5: Neurologic 3(2.5)
6: Hysterectomy 113 (8.5)
Total 7007

ICU, intensive care unit; PPH, postpartum hemorrhage; SAMM, severe acute maternal morbidity.

Table 3. Comparison
threatening groups.

of potentially life-threatening and life-

Life- Potentially

threatening life-threatening  p-value
Maternal age (years) 31.9 (5.0) 31.5(4.9) 0.043
Duration of hospital 10.4 (12.0) 7.4 (6.9) 0.000

stay (days)

BMI 24 4(5.2) 25.1 (5.5) 0.017
Parity 9(11.1) 2.2(7.2) 0.070
Maximum DBP (mmHg) 85 4 (16.9) 89.8 (19.0) 0.000
Blood loss (mL) 3415 (2715) 1639 (1151) 0.000
Units of packed cells (n) 5(6.4) 2.4 (2.0) 0.000
Birth weight infant (g) 3034 (1031) 3069 (1051) 0.434

BMI, body mass index; DBP, diastolic blood pressure.

(or neither) of these case-fatality rates could be inter-
preted as “life-threatening”. We also found that the
MNM tool failed to detect 35% of all maternal deaths.
This clearly shows that these criteria are not able to detect
every life-threatening condition.

Finally, further analysis of women in each organ dys-
function subgroup (specifically C3; coagulation/hemato-
logic dysfunction criteria, see Figure 1) indicates that
76% of all included women in the organ dysfunction
group (781/1024) would have been included on the basis
of a single criterion: massive transfusion of >5 units
packed cells. This means that 75% of all women included
on the basis of the organ dysfunction criteria would have
been detected with one relatively simple criterion. This
underlines the extreme importance of well-organized
blood transfusion guidelines and services (18).

One limitation of our study is that we used data from
a previous study, designed to detect SAMM according to
different criteria and not to assess the MNM tool. An
expert panel of obstetricians and the national Maternal
Mortality Committee of the Dutch Society of Obstetrics
and Gynecology defined the LEMMOoN study inclusion
criteria, based on previous international studies. Consid-
ering that the MNM tool missed 60% of these differently
defined SAMM cases, the consequence can only be a rela-
tive overreporting of MNM within the LEMMoN study.
This means that it is unlikely that cases that could have
been detected by the MNM tool would have been missing
from this nationwide study.

A second limitation was incomplete or missing infor-
mation. Therefore, cases with incomplete information
were discussed and assessed by our research group to pre-
vent bias. As a consequence, the number of excluded
cases (0.6%) could also be minimized. We believe that
the large number of cases in this reliable dataset provides
a unique and solid base for validating the MNM tool in a
high-income country. A third limitation is the relatively
old dataset, but we have no reason to consider that our
findings would be different in a cohort of more recent
date.

Although the intervention-based criteria were able to
identify a considerable number of SAMM and mortality
cases, these criteria are not suitable for international com-
parison studies because of different criteria for transfusing
blood products and indications to perform laparotomy.
Admission into intensive care units and interventional
radiology, such as embolization of the uterine arteries, are
not present in all settings, and — where present — access

110 © 2015 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 95 (2016) 106-111



T. Witteveen et al.

depends on local protocols. Our advice would be to fur-
ther refine the potentially life-threatening criteria of the
WHO MNM tool, since these make early medical inter-
vention possible with the intention of preventing life-
threatening conditions and averting maternal deaths.

In the Netherlands, where advanced laboratory and
clinical monitoring are available, the organ dysfunction-
based criteria of the WHO MNM tool fail to identify
nearly two-thirds of SAMM cases and more than one-
third of maternal deaths. Disease-based criteria remain
important, and using only organ dysfunction-based crite-
ria to detect MNM cases would lead to an underestima-
tion of severe maternal morbidity. Therefore, we propose
focusing future discussions on potentially life-threatening
conditions in the MNM tool in order to establish univer-
sal disease-based criteria to prevent life-threatening
maternal morbidity.
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