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Summary
Using a cohort study design, we analysed 17 diagnoses and 9 interventions (including critical care admission) as
a composite measure of severe maternal morbidity for pregnancies recorded over 14 years in Scotland. There
were 762,918 pregnancies, of which 7947 (10 in 1000 pregnancies) recorded 9345 severe maternal morbidity
events, 2802 episodes of puerperal sepsis being themost common (30%). Severematernalmorbidity incidence
increased from9 in 1000 pregnancies in 2012 to 17 in 1000 pregnancies in 2018, due in part to puerperal sepsis
recording. The odds ratio (95%CI) for severe maternal morbidity was higher for: older women, for instance 1.22
(1.13–1.33) for women aged 35–39 years and 1.44 (1.27–1.63) for women aged > 40 years compared with
those aged 25–29 years; obese women, for instance 1.13 (1.06–1.21) for BMI 30–40 kg.m-2 and 1.32 (1.15–
1.51) for BMI > 40 kg.m-2 compared with BMI 18.5–24.9 kg.m-2; multiple pregnancy, 2.39 (2.09–2.74); and
previous caesarean delivery, 1.52 (1.40–1.65). Themedian (IQR [range]) hospital stay was 3 (2–5 [1–8]) days with
severe maternal morbidity and 2 (1–3 [1–5]) days without. Forty-one women died during pregnancy or up to
42 days after delivery, representing mortality rates per 100,000 pregnancies of about 365 with severe maternal
morbidity and 1.6 without. There were 1449 women admitted to critical care, 807 (58%) for mechanical
ventilation or support of at least two organs. We recorded an incidence of severe maternal morbidity higher
than previously published, possibly because sepsis was coded inaccurately in our databases. Further research
may determine the value of this compositemeasure of severematernalmorbidity.
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Introduction
The number of women dying during pregnancy and

childbirth in the UK is at an all-time low [1]. Consequently,

enquiries into maternal death have limited power to

improve maternal care, whereas measures of severe – but

usually non-lethal – events during pregnancy and the

puerperium may continue to inform care in the UK [2–4]. A

composite of individual morbidities is up to 100 times more
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frequent than maternal death and therefore affords

opportunities to intervene to reduce morbidity and

mortality [5, 6].

The rate of severe maternal morbidity may be

increasing in some high-income countries, which is

associated with modifiable factors such as obesity, and

other factors that, whilst not modifiable, might trigger

intervention, such as age and previous caesarean delivery

[7, 8]. The increasing prevalence of these factors in UK

mothers might reverse the historical reductions in mortality

and will increase healthcare during pregnancy and

childbirth [9].

The UK Obstetric Surveillance System (UKOSS) reports

specific conditions or healthcare themes of interest,

including morbidities [10]. In contrast, semi-automated

collection of healthcare datamay provide the opportunity to

monitor rates of maternal morbidities routinely. Linked

electronic data resources could help identify women more

likely to experience severe maternal morbidity and may

improve our understanding of how severe maternal

morbidities affect women, children and healthcare services.

Accordingly, we aimed to use routinely collected data

sources to generate a composite measure of severe

maternal morbidity, report its incidence and the variables

associatedwith its occurrence.

Methods
Using a cohort design, we studied women with a live birth,

stillbirth or late second trimester loss (defined as 20 weeks to

`23 weeks and 6 days´ gestation) from 1 January 2005 to 31

December 2018, using data from the Scottish Morbidity

Records, the National Records of Scotland and the Scottish

Intensive Care Society Audit Group (please see online

Supporting Information, Appendices S1 and S2 for a

detailed account ofmethods) [11–14].

The primary outcome was any severe maternal

morbidity recorded from conception to 42 days

postpartum, defined by English Maternal Morbidity

Indicator codes for 17 diagnoses, for instance puerperal

sepsis or status epilepticus, and nine interventions, for

instance repair of bladder or evacuation of haematoma,

with corresponding disease (ICD-10) and procedural

(OPCS) codes (online Supporting Information, Table S1)

[15]. We added intensive care unit admission as an indicator

for severe maternal morbidity and, in combination with

other procedural codes related to managing haemorrhage,

we consequently excluded the ICD-10 code for major

obstetric haemorrhage (O72), which is substantially

overestimated using ICD coding [16]. We report the first

event for womenwho experiencedmultiplemorbidities.

We analysed duration of hospital admission and

maternal mortality as well as the duration and level of critical

care, mechanical ventilation, renal replacement therapy and

cardiovascular support (online Supporting Information,

Appendices S1 and S2) [17].

We analysed the associations of severe maternal

morbidity with sociodemographic measures, pre-

pregnancy maternal health status, obstetric history and

current pregnancy information (online Supporting

Information, Appendices S1 and S2). We searched for ICD-

codes recorded in the five years preceding the estimated

date of conception to define comorbidities (online

Supporting Information, Appendix S1 and Table S2)

[18–20]. As a sensitivity analysis, the comorbidity variable

was replaced with a new count which included those

comorbidities codedbefore andduring a pregnancy.

We used Stata version 14.1 for analyses (Stata Corp,

College Station, TX, USA). We used logistic regression to

analyse the associations of severe maternal morbidity with

variables present before hospital admission or early in

pregnancy (model 1), and variables present later in

pregnancy and during delivery (model 2) (online

Supporting Information, Appendices S1 and S2). We used

robust variance estimation to account for clustering due

to multiple pregnancies. We used chi-squared and Mann–

Whitney-U tests for categorical and continuous variables,

respectively. Patient information was pseudonymised and

all analyses were conducted within NHS Scotland’s safe

haven environment. Access to the data was granted

following approval by the Public Benefit and Privacy

Panel.

Results
We analysed 762,918 pregnancies, during which 9345

severe maternal morbidity events were recorded relating to

7947 pregnancies (10.4 in 1000 pregnancies) (Fig. 1,

Figure 1 Cohort flowdiagram.
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Table 1 Maternal characteristics and pregnancy outcomes, stratified by whether a severe maternal morbidity was recorded for
the pregnancy. Values aremedian (IQR) or number (proportion).

Characteristic

Severematernalmorbidity

p value
No
n = 754,971

Yes
n = 7947

Maternal age; y 29 (25–34) 30 (25–34) < 0.001

< 20 42,888 (6%) 451 (6%)

20–24 132,218 (18%) 1279 (16%)

25–29 204,106 (27%) 2013 (25%)

30–34 222,061 (29%) 2316 (29%)

35–39 126,108 (17%) 1479 (19%)

> 39 27,590 (4%) 409 (5%)

Mother’s region of birth

British Isles 645,889 (86%) 6621 (83%) < 0.001

Rest of Europe 45,946 (6%) 476 (6%)

Middle East or Asia 29,610 (4%) 408 (5%)

Africa 15,443 (2%) 229 (3%)

NorthAmerica 4781 (1%) 58 (1%)

Missing 8660 (1%) 96 (1%)

Oceania 2662 32

SouthAmerica 1980 27

Scottish index ofmultiple deprivation

1 (most deprived) 104,057 (14%) 1058 (13%)

2 91,041 (12%) 982 (12%)

3 81,898 (11%) 957 (12%)

4 76,649 (10%) 833 (10%)

5 73,976 (10%) 775 (10%)

Missing 935 19

Urban rural indicator

Large urban area 309,478 (41%) 3223 (41%) 0.014

Other urban area 235,541 (31%) 2565 (32%)

Accessible small town 61,754 (8%) 658 (8%)

Remote small towns 25,956 (3%) 267 (3%)

Accessible rural 74,770 (10%) 743 (9%)

Remote rural 35,093 (5%) 332 (4%)

Missing 12,379 (2%) 159 (2%)

Sole parental registration

No 705,309 (93%) 7303 (92%) < 0.001

Yes 37,961 (5%) 505 (6%)

Missing 11,701 (2%) 139 (2%)

Pre-pregnancy BMI; kg.m�2 25.0 (22.1–29.1) 25.5 (22.3–30.0) < 0.001

Smoking status

None 482,925 (64%) 5028 (63%) < 0.001

Current 135,757 (18%) 1426 (18%)

Former 84,042 (11%) 1011 (13%)

Missing 52,247 (7%) 482 (6%)

(continued)
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Table 1 (continued)

Characteristic

Severematernalmorbidity

p value
No
n = 754,971

Yes
n = 7947

Diabetes

No 659,140 (87%) 6985 (88%) < 0.001

Gestational 12,324 (2%) 208 (3%)

Pre-gestational 4374 (1%) 106 (1%)

Hypertension before admission < 0.001

No 733,485 (97%) 7701 (97%)

Yes 1782 43

Previous pregnancy loss < 0.001

No 580,488 (77%) 6025 (76%)

Yes 121,799 (16%) 1220 (15%)

Parity

0 335,852 (44%) 3940 (50%) < 0.001

1 259,267 (34%) 2260 (28%)

2 101,577 (13%) 1005 (13%)

> 2 53,485 (7%) 681 (9%)

Missing 4790 (1%) 61 (1%)

Previous caesarean section

None 662,841 (88%) 6586 (83%) < 0.001

One 73,526 (10%) 1005 (13%)

Twoormore 15,829 (2%) 328 (4%)

Missing 2775 28

Year of delivery < 0.001

2005 51,778 (99.2%) 442 (0.8%)

2006 52,729 (99.3%) 364 (0.7%)

2007 55,510 (99.3%) 403 (0.7%)

2008 57,457 (99.2%) 458 (0.8%)

2009 56,610 (99.2%) 467 (0.8%)

2010 56,545 (99.1%) 512 (0.9%)

2011 56,268 (99.1%) 503 (0.9%)

2012 55,598 (99.1%) 506 (0.9%)

2013 53,685 (98.9%) 591 (1.1%)

2014 54,339 (98.8%) 636 (1.2%)

2015 52,702 (98.7%) 718 (1.3%)

2016 52,082 (98.7%) 705 (1.3%)

2017 50,563 (98.5%) 794 (1.5%)

2018 49,105 (98.3%) 848 (1.7%)

Multiple gestation

No 741,507 (98%) 7642 (96%) < 0.001

Yes 11,301 (2%) 270 (3%)

Missing 2163 35

Estimated gestation (Weeks) 40 (38–40) 39 (38–40) < 0.001

Very preterm (< 28 weeks) 5152 (1%) 175 (2%)

Preterm (28 < 37 weeks) 49,355 (7%) 1308 (16%)

(continued)
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Tables 1 and 2 and online Supporting Information,

Tables S2–S4). One severe maternal morbidity was

recorded for 6891 (87%) women, two for 806 (10%) women

and three or more for 250 women (3%). Puerperal sepsis or

admission to critical care were the most common indicators

of severe maternal morbidity (Fig. 2 and online Supporting

Information, Figures S1 and S2).

Severe maternal morbidity increased in the years after

2012 due to puerperal sepsis, from 9 in 1000 pregnancies in

2012 to 17 in 1000 pregnancies in 2018 (online Supporting

Information, Figure S3). Severe maternal morbidity was

independently associated with maternal age; BMI; pre-

existing morbidity; previous smoking; previous caesarean

section; multiple pregnancy; and maternal birth in Africa or

the Middle East (model 1, online Supporting Information

Table S5; Fig. 3a–c and online Supporting Information,

Figures S4–S6).

Hospital admission during the current pregnancy was

associated with severe maternal morbidity, as were antenatal

steroids, early or late delivery, induction of labour, assisted

delivery (in particular emergency caesarean section) and

analgesia (model 2, online Supporting Information,

Table 1 (continued)

Characteristic

Severematernalmorbidity

p value
No
n = 754,971

Yes
n = 7947

Term (37 < 41 weeks) 528,812 (70%) 4976 (63%)

Overdue (> 41 weeks) 171,652 (23%) 1488 (19%)

Modeof delivery

Unassisted vaginal 445,102 (59%) 2695 (34%) < 0.001

Emergency caesarean section 118,652 (16%) 3051 (38%)

Assisted vaginal 95,597 (13%) 1034 (13%)

Elective caesarean section 93,392 (12%) 1131 (14%)

Missing 2228 36

Antenatal steroids

No 664,385 (88%) 6527 (82%) < 0.001

Yes 26,973 (4%) 810 (10%)

Missing 63,613 (8%) 610 (8%)

Analgesia duringpregnancy or labour

Yes 651,916 (86%) 7165 (90%) < 0.001

No 33,166 (4%) 184 (2%)

Missing 69,889 (9%) 598 (8%)

Induction of labour

No 547,456 (73%) 5426 (68%) < 0.001

Yes 199,574 (26%) 2409 (30%)

Missing 7941 (1%) 112 (1%)

Obstetric admissions before delivery

0 466,734 (62%) 4260 (54%) < 0.001

1 141,192 (19%) 1598 (20%)

> 1 142,400 (19%) 2011 (25%)

Missing 4645 (1%) 78 (1%)

Stay after delivery; days 2 (1–3) 3 (2–5) < 0.001

Maternal death to 42 days 12 (1.6 per 100,000) 29 (365 per 100,000) < 0.001

Outcomeof birth

Live birth 740,537 (98%) 7676 (7%) < 0.001

Stillbirth 3001 (0.4%) 138 (2%)

Late second trimester loss 1232 (0.2%) 22 (0.3%)

Missing 10,201 (1%) 111 (1%)
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Table S5). The associations in model 2 should be interpreted

with caution as they may have been the consequence of

morbidity, rather than its cause. The inclusion in the model of

comorbidities coded before and during pregnancy had little

effect on these associations in sensitivity analyses (online

Supporting Information, Tables S6 and S7).

Women with severe maternal morbidity were

significantly more likely to require a longer hospital stay

following delivery (11.1% vs. 3.0% staying > 7 days,

p < 0.001) and have a stillbirth (1.7% vs. 0.4%, p < 0.001)

(Table 1). More women with severe morbidity died during

pregnancy or up to 42 days postpartum than without, with

mortality rates of 36.5 in 10,000 vs. 0.16 in 10,000,

p < 0.001.

Online Supporting Information (Table S8) details the

care of the 1449 women (0.2%) admitted to intensive care,

of whom 807 (56%) were ventilated or had more than one

organ supported.

Discussion
We found that severe maternal morbidity was recorded for

about 10 in 1000 (1%) pregnant women in Scotland.

A national audit in Scotland reported a lower incidence

of severematernal morbidity of 6 in 1000, themost common

Table 2 Severe maternal morbidities recorded relative to the day of labour and birth. We tabulated only the first severe
maternalmorbidity recorded for a woman. The frequency of themorbidities sums tomore than the number of pregnancies (n) as
a woman may have had multiple different severe maternal morbidity events during a time period. Values are number
(proportion) or number.

Morbidity

Before, duringor after labour andbirth

Total
n = 7947 pvalue

Before
n = 2839

During
n = 2226

After
n = 2882

Sepsis 728 (26%) 520 (19%) 1554 (55%) 2802 < 0.001

ICUadmission 389 (27%) 688 (47%) 372 (26%) 1449 < 0.001

Caesareandehiscence 129 (26%) 178 (36%) 188 (38%) 495 < 0.001

Curettagewith anaesthetic 87 (18%) 91 (19%) 307 (63%) 485 < 0.001

Eclampsia 257 (54%) 146 (30%) 76 (16%) 479 < 0.001

Cardiac event 173 (38%) 138 (30%) 146 (32%) 457 < 0.001

Acute abdomen 279 (69%) 7 (2%) 116 (29%) 402 < 0.001

Embolism 205 (56%) 60 (16%) 102 (28%) 367 < 0.001

Evacuationof haematoma 121 (36%) 138 (41%) 74 (22%) 333 < 0.001

Acute renal failure 160 (51%) 90 (29%) 65 (21%) 315 < 0.001

Hysterectomy 107 (43%) 108 (43%) 35 (14%) 250 < 0.001

Assisted ventilation 86 (37%) 105 (45%) 40 (17%) 231 < 0.001

Cystotomyor repair * 129 (57%) * 227 < 0.001

Shock 87 (41%) 107 (50%) 18 (8%) 212 < 0.001

Uterine rupture * 119 (60%) * 200 < 0.001

Anaesthetic complication 62 (48%) 63 (48%) 5 (4%) 130 < 0.001

Stroke 59 (51%) 16 (14%) 41 (35%) 116 < 0.001

Intestine repair 41 (43%) 15 (16%) 39 (41%) 95 < 0.001

Status asthmaticus 71 (84%) 8 (9%) 6 (7%) 85 < 0.001

Uterine artery intervention 25 11 12 48 < 0.001

Acute psychosis 17 6 8 31 < 0.001

Cerebral oedemaor coma 22 * * 31 < 0.001

DIC * 15 * 24 < 0.001

Sickle cell crisis 19 * * 23 < 0.001

Cerebral vein thrombosis * * 10 20 < 0.001

Dialysis 7 6 6 19 < 0.001

Status epilepticus 16 * * 19 < 0.001

Total number of events 9345

Cardiac event, arrest or failure or infarction; DIC, disseminated intravascular coagulopathy.
*Output suppresseddue to disclosure risk.
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of which was post-partum haemorrhage, a morbidity we

excluded [16]. We think that inaccurate coding in our study

databases may have overestimated the rate of morbidity.

The rate of morbidity in our study would be 6 in 1000 if we

excluded puerperal sepsis, the coding of which increased

substantially after 2012. Several studies suggest that ICD

coding for sepsis is unreliable [21, 22]. The reliability of

puerperal sepsis coding could be improved by requiring a

simultaneous code for organ dysfunction derived from

critical care databases [23].

Other studies have reported similar associations of

variables with severe maternal morbidity [3, 8, 24, 25]. The

variables associated with morbidity did not necessarily

cause morbidity, directly or indirectly, particularly variables

recorded during labour and delivery. Such variables are

more likely to be the consequence of morbidity, for instance

emergency caesarean section. Some studies have used a

causal framework and undertaken mediation analyses to

better explore causation [25]. Interventions early in

pregnancy, such as ensuring ready access to maternity

services and pre-emptive individualised support, might

improve maternal and foetal outcomes for women who are

older, comorbid, obese, born in non-European countries or

who have hadprevious caesarean sections.

Women who had a severe morbidity were more than

2000 times more likely to die than women who did not,

which is greater than risk ratios of 100–500 reported by

other studies [26, 27]. Unsurprisingly, women with

morbidity stayed in hospital longer than women without,

although the difference was less than in a Canadian study

[27]. The disparity could be due to differences in health

service organisation, or because of the incorrect coding that

we suspect of our study.

The use of multiple databases increased our ability to

detect associations with an uncommon outcome and

increased the external validity of our study. We included

women cared for in obstetric high dependency units, who

are usually missed by current national reports of critically

ill pregnant women. We think that admissions to obstetric

high dependency units might be incorporated as a

component of severe maternal morbidity, perhaps in

combination with coding for particular conditions or

procedures. However, as guidance increasingly supports

pre-emptive admission to critical care for those at higher

Figure 2 Pareto chart of the rates of 26 severematernalmorbidities per 1000 pregnancies, conditions (red) and procedures
(blue). The black line is the cumulative proportion for all severemorbidities. DIC, disseminated intravascular coagulation.
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risk of adverse outcomes, it may be that unplanned

critical care admission would be a more suitable

morbidity to analyse in the future [28].

There are also limitations to this study. Some variables,

such as BMI, were missing many values. We intentionally

analysed a composite outcome, which may misrepresent

the associations of individual component morbidities with

variables, as there is already an established body of

research on individual morbidities, for instance post-partum

haemorrhage andmaternal sepsis [29–33].

In conclusion, severe maternal morbidity accompanied

10 in 1000 (1%) pregnancies in Scotland. Morbidity was

independently associated with maternal age; BMI; pre-

existing morbidity; previous smoking; previous caesarean

section; multiple pregnancy; and maternal birth in Africa or

the Middle East. Morbidity was associated with delayed

hospital discharge, stillbirths and maternal deaths. Our

composite measure of severe maternal morbidity might be

testedwith other administrative healthcare databases.
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Table S1. Components of severe maternal morbidity
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MaternalMorbidity Indicator.
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Table S4. The proportions of severe maternal

morbidity that were conditions or interventions.
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Table S5. Unadjusted associations of characteristics

with severe maternal morbidity and adjusted associations in

model 1 andmodel 2.

Table S6. Associations of 1, 2 or 3 comorbidities with

severematernalmorbidity.

Table S7. A sensitivity analysis of Table S5, with

comorbidities recorded during pregnancy added to

models 1 and 2.

Table S8. Intensive care variables for women with

severematernalmorbidity.

Figure S1. A sensitivity plot of Fig. 2, with the addition

of admission to critical care – intensive care or high

dependency care – as a component of severe maternal

morbidity.

Figure S2. A sensitivity plot of Fig. 2 and online

Supporting Information (Figure S2), with the addition of

admission to obstetric high dependency as a component of

severematernalmorbidity.

Figure S3. Annual incidence of severe maternal

morbidity 2004–18.

Figure S4. Predicted rate of severe maternal morbidity

vs.maternal age.

Figure S5. Predicted rate of severe maternal morbidity

vs.maternal bodymass index.

Figure S6. Predicted rate of severe maternal morbidity

vs. date.
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