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ABSTRACT 

Objectives: To conduct the first population-level incidence study of aortic dissection 

in pregnancy using hospital-based data linked to mortality statistics in England.  

Setting: In England, hospital-based data (Hospital Episode Statistics linked with 

mortality data from the Office of National Statistics), national enquiries (Confidential 

Enquiries into Maternal Mortality) and surveys (United Kingdom Obstetric 

Surveillance System; UKOSS) of aortic dissection in pregnancy from 2003 to 2011.  

Participants: Between 2003 and 2011, all female patients, admitted with a diagnosis 

of aortic dissection, not necessarily as the primary cause of admission, and with a 

diagnosis of pregnancy, childbirth and the puerperium were included.  

Outcome measures: Diagnosis of aortic dissection during pregnancy, operated or 

not operated, with outcome of death or live patient in England from 2003 to 2011.  

Results: There were significant differences in characteristics of the various 

databases with respect to study population, time of study, recorded event and follow-

up of outcomes. Based on HES, the annual incidence of aortic dissection was 

1.23(95% CI 1.22-1.24) per 100000 maternities. The incidence of aortic dissection 

with death within 1 year was 0.30(0.29-0.31) per 100 000 maternities. Incidence of 

aortic dissection has increased from 0.74(0.73-0.75) per 100 000 maternities in 

2003-2005 to 1.52(1.51-1.53) per 100 000 maternities in 2009-2011. In the 

Confidential Enquiries into Maternal Deaths, incidence of deaths was highest for 

2003-2005 (0.43 per 100 000 maternities) and lowest for 1997-1999 (0.21 per 100 

000 maternities). According to the UK Obstetric Surveillance System, national 

incidence of aortic dissection was 0.80(0.50-1.50) per 100 000 maternities between 

2009 and 2011. 
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Conclusions: The case of aortic dissection in pregnancy illustrates data limitations 

regarding complications in pregnancy from different sources in the UK, even for a 

diagnosis with seemingly few alternative coding and diagnostic possibilities. These 

limitations should be acknowledged when making estimates of incidence and 

outcome.  
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What is already known about this subject? 

Pregnancy is associated with a 25-fold increased risk of aortic dissection. There 

have been recent concerns about the quality of data regarding maternal mortality in 

the UK setting and so it is difficult to monitor disease trends. There has not been a 

study which compares estimates of incidence and outcome of aortic dissection 

across different databases and from routinely collected clinical data. 

 

What does this study add? 

This is the first analysis which has considered aortic dissection in pregnancy across 

England using data from multiple sources. Although the incidence estimates for 

death from aortic dissection are similar to previous estimates, this is the first data 

regarding the incidence of all aortic dissections in England for the time period 2003-

2011. There is considerable variation in the characteristics of different databases of 

maternal mortality and morbidity and their findings. 

 

How might this impact on clinical practice? 

A combination of data sources is probably necessary in order to make optimal 

estimates of incidence and outcome of aortic dissection in pregnancy and although 

routinely collected clinical data may have important uses, there are still significant 

concerns such as the quality of data linkage. Standardisation of minimal data 

collection will reduce data heterogeneity and missing data. Prospective population-

based studies and registries may still offer important disease-specific information, 

but incidence and outcome can be estimated from large datasets of routinely 

collected clinical data in the UK. 

 

Page 4 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-008318 on 20 A

ugust 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

STRENGTHS AND LIMITATIONS OF THIS STUDY  

• This is the first analysis which has considered aortic dissection in pregnancy 

across England using data from multiple sources 

• This is the first data regarding the incidence of all aortic dissections (not just 

deaths) in England for the time period 2003-2011  

• There is considerable variation in the characteristics of different databases of 

maternal mortality and morbidity and their findings 

• This study shows a combination of data sources is probably necessary in 

order to make optimal estimates of incidence and outcome of aortic dissection 

in pregnancy and although routinely collected clinical data may have 

important uses, there are still significant concerns such as the quality of data 

linkage. 
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Aortic dissection in pregnancy in England: a retrospective incidence study 

using linked national databases 

Amitava Banerjee, Irena Begaj, Sara Thorne 

 

Introduction 

Aortic dissection, though rare, is an often fatal event1. A recent population-based 

study from Oxford showed that women have higher mortality from aortic dissection 

and are more likely to die before hospital assessment2, which was also shown by the 

world’s largest registry of aortic dissection3. Importantly, most individuals with aortic 

dissection had inadequately controlled hypertension, suggesting that modifiable risk 

factors may play a role in prevention2. Moreover, women have worse outcomes 

following surgery for aortic dissection3, and the surgical risk is even higher during 

pregnancy4-5. The majority of aortic dissections in women of childbearing age occurs 

during pregnancy and has adverse consequences for the mother and the foetus6. 

Data from the Swedish National Birth Registry in women <40 years of age have 

shown that pregnancy is associated with a 25-fold increased risk of aortic 

dissection6. The scientific literature regarding aortic dissection and pregnancy is 

largely made up of case reports and case series, mostly in individuals with 

connective tissue diseases, from the last 70 years7-8. A literature review of outcomes 

in pregnant women with acute aortic dissection from 2003 to 2013 included 59 

articles and only 75 patients9. Two population-based studies have considered 

pregnancy and aortic dissection in the European context10-11, suggesting high 

mortality from aortic dissection in pregnancy.  
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In the UK, the Confidential Enquiry into Maternal Deaths (CEMD) has historically 

provided data regarding aortic dissection and other causes of maternal mortality12, 

and has shown an increase in deaths from cardiovascular disease during pregnancy 

in recent years. Although the CEMD (which became the Confidential Enquiries into 

Maternal and Child Health, CEMACH, in 200312, and is now known as MBRRACE, 

Mother and Babies: Reducing Risk through Audits and Confidential Enquiries13) 

provides crucial mortality data, and compares favourably with surveillance systems 

in other countries12-14, it is not designed to detect morbidity or burden of disease and 

there have been concerns regarding the completeness of its data15. As a result, 

UKOSS (UK Obstetric Surveillance System) has run prospective surveys into the 

outcomes of rare conditions in pregnancy, for example, pregnancy-related 

myocardial infarction (MI)16, 17. The CEMACH 2006-2008 report highlighted 53 

cardiac deaths, of which 7 (13.2%) were due to aortic dissection, translating to 0.31 

deaths due to aortic dissection per 100 000 maternities. 

 

Studies of MI have highlighted potentially large discrepancies between primary and 

secondary care databases and disease registries when estimating incidence and 

therefore surveys are unlikely to be accurate for less commonly researched 

conditions such as aortic dissection18. The use of routinely collected clinical data for 

public health benefit is an important topic of recent debate, involving both population-

level (“big data”) and individual-level (“small data”) considerations19. Ideally, 

estimates of incidence should be made at multiple levels in the healthcare system, or 

at least at the national level but this has not been previously attempted to our 

knowledge, and no population-level study of hospital-based data to-date has 

considered aortic dissection in pregnancy in England or in the UK.  We conducted 
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the first detailed analysis of England’s national hospital-level data linked to mortality 

statistics in order to characterise incidence and outcome of aortic dissection in 

pregnancy and to compare with data from the Confidential Enquiries into Maternal 

Mortality and UKOSS. 

 

Aims  

The present study had two distinct aims:  

• To estimate national incidence of aortic dissection in women during 

pregnancy from hospital-based data linked to mortality statistics  

• To compare estimates of incidence of AD from data from hospitals linked to 

mortality statistics with data from the Confidential Enquiries into Maternal 

Mortality and UKOSS in order to test the feasibility of use of “big data”.  
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Methods 

Study population  

Between April 1 2003 and March 31 2011, all female patients, admitted with a 

diagnosis of aortic dissection (ICD-10: I710, I711, I712), not necessarily as the 

primary cause of admission, and with a diagnosis of pregnancy, childbirth and the 

puerperium (ICD-10: O00-O99, Z33) were included in the analysis using ICD-10 

codes20. In addition, data for operations for aortic dissection were extracted using 

OPCS4 codes21: L18-L21, L273, L274, L283, L284, L221, K26, K66, K33. The same 

data regarding aortic dissection from CEMD/CEMACH22 and UKOSS23 were 

extracted for the time period between 2003 and 2011 from published reports. The 

number of aortic dissection events, deaths in-hospital and at 1 year and whether the 

aortic dissection was surgically managed were recorded, where possible.   

 

Databases 

The Informatics Department of the University Hospitals Birmingham NHS Trust24 has 

access to Hospital Episode Statistics (HES)25 for all inpatient admissions in England, 

and Office of National Statistics (ONS) mortality statistics26. Data linkage between 

the two datasets is carried out by the Health and Social Care Information Centre 

(HSCIC). Data from CEMD/CEMACH22/UKOSS21 was extracted from published 

reports. 

 

Outcomes 

A maternal death is defined by WHO as ‘the death of a woman while pregnant or 

within 42 days of termination of pregnancy..20” Mortality within 42 days of birth was 

used as the reported outcome despite considerable debate regarding the extension 
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of this time period to reflect the effects of pregnancy and childbirth over a longer 

timeframe27, because it is the most widely reported. The time to surgery was defined 

as up to 60 days in order to include both acute and subacute surgery as stipulated 

by previous studies28. This time period was also chosen to better reflect the 

operative burden of aortic dissection in pregnancy.  

 

Data analysis 

Absolute numbers of aortic dissection cases for each year were compared for 

HES/ONS data versus CEMD/CEMACH/UKOSS. The incidence rates per 100 000 

maternities and per 100 000 conceptions were calculated for HES/ONS and 

compared with estimates from UKOSS. A maternity is a pregnancy resulting in the 

birth of one or more children, including stillbirths and live births. Conceptions data 

combine information from registrations of births and notifications of legal abortions 

occurring in England and Wales for women who are usually resident there (but 

exclude miscarriages or illegal abortions)29-30. Annual data regarding maternities and 

conceptions were obtained from the HSCIC29 and ONS30 respectively. A validation 

study of HES/ONS data was performed by conducting a search at University 

Hospitals Birmingham NHS Trust in order to check fidelity of data linkage between 

ONS and HES for known local cases of pregnancy-related aortic dissection with 

review of medical notes. In accordance with ONS guidance, small numbers were 

suppressed in tables and figures in order to preserve the anonymity of the data.    

 

Ethical approval 

The research was approved by the University Hospitals Birmingham NHS Trust. 
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Results 

Database characteristics 

Table 1 highlights the features of the different UK databases relating to maternal 

morbidity and mortality. CMED and CEMACH studied maternal deaths and so did 

not include absolute numbers or incidence of aortic dissection, which did not result in 

death. The UKOSS report did include numbers of non-fatal aortic dissection. Death 

was reported at 42 days in the CEMD/CEMACH/UKOSS datasets, whereas the HES 

data allowed consideration of inpatient mortality and mortality at 1-year. The remit of 

the CMED/CEMACH/UKOSS publications was the whole of the UK, whereas the 

HES data only concerned England. CEMD/CEMACH and UKOSS provided more 

clinical details regarding the patients with aortic dissection, including their 

presentation (e.g. type A or type B aortic dissection) and operative management. 

CEMD/CEMACH and UKOSS reports reported for triennia beginning in September 

of the year in question. In contrast, HES data are collected for the UK financial year 

(1 April until 31 March of a given year). ONS databases reported conceptions for 

England and Wales, whereas HSCIC reported maternities for England only. It was 

not possible to extract the total number of pregnancies (i.e. the denominator) from 

the CEMD or UKOSS publications, making detailed incidence calculations 

challenging.  

 

HES/ONS 

According to HES/ONS data, 30 cases of pregnancy-related aortic dissection were 

identified for the time period 2009-2011, and 69 were identified from 2003-2011 

(Table 2). For 2009-2011, 8 cases of AD resulted in operative management within 60 

days, and for 2003-2011, 21 underwent operations. From 2003 until 2011, there 
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were 5 in-hospital deaths, 17 deaths within 42 days and 17 deaths at 1 year. The 

mean age of women with AD during pregnancy has not changed significantly over 

the study period and was 30 years overall. The absolute number of aortic dissection 

was highest for 2009-2011 (n=30). Inpatient mortality was 7.2% and mortality was 

24.6% at 42 days and 1 year according to the HES data. Operative rates at 60 days 

and 1 year were 30.4% and 34.8% respectively (Figure 1). Of the 17 deaths in the 

study period, 13 were recorded in ONS alone and not in HES data. 

 

Based on HES data, the overall annual incidence of aortic dissection was 1.23 (95% 

CI 1.22-1.24) per 100 000 maternities and 0.92 (0.91-0.93) per 100 000 conceptions. 

The overall incidence of aortic dissection with death within 1 year was 0.30 (0.29-

0.31) per 100 000 maternities. Incidence of aortic dissection has increased from 0.74 

(0.73-0.75) per 100 000 maternities in 2003-2005 to 1.52 (1.51-1.53) per 100 000 

maternities in 2009-2011 (Table 3).  

 

CEMACH/UKOSS 

In the CEMD/CEMACH data, only the total number of aortic dissection deaths was 

reported in 1997-1999, whereas reports in the following years reported total number 

of deaths and incidence. The incidence was calculated for 1997-1999 using data 

regarding number of pregnancies from ONS. Incidence of deaths was highest for 

2003-2005 (0.43 per 100 000 maternities) and lowest for 1997-1999 (0.21 per 100 

000 maternities). The incidence of deaths from aortic dissection has remained stable 

2003-2011 (Figure 2). Estimates of incidence for deaths from aortic dissection were 

similar from HES/ONS and CEMD/CEMACH/UKOSS (Figure 2). 
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Age was only reported in the 2006-2008 report as a median age (34 years). 

According to the UKOSS, between September 2009 and September 2011, the 

estimated national incidence of aortic dissection was 0.80 (0.50-1.50) per 100 000 

maternities with 12 confirmed cases of aortic dissection in pregnancy. The mean age 

of women with the disease was 37 years. Three women were managed 

conservatively whilst 5 women received an aortic root replacement. The UKOSS 

ascertained 4 deaths and 8 survivors (case fatality 33%, 95% CI 10-65%) (Table 4). 

There are no further studies of aortic dissection planned, according to the UKOSS. 

 

In UKOSS 2009-2011, there were 7 cases of type A aortic dissection and 3 of type B 

aortic dissection using Stanford criteria. Only one case was reported in association 

with Marfan’s disease; one woman had preexisting aortic coarctation and a bicuspid 

aortic valve. Detailed data regarding the type of aortic dissection and aetiological 

factors was not routinely reported in the prior reports. 
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Discussion 

Aortic dissection 

There have been recent concerns about the quality of data regarding maternal 

mortality in the UK setting31-32. To our knowledge, this is the first analysis which has 

considered aortic dissection in pregnancy across England using data from multiple 

sources, including HES/ONS. The only comparative datasets are from CEMD, 

CEMACH and UKOSS and although the incidence estimates for death from aortic 

dissection are similar when compared with HES/ONS, we have shown considerable 

variation in database characteristics and findings of those data. The incidence of 

aortic dissection is showing an upward trend in recent years while there is a 

downward trend in mortality from aortic dissection over the same time period, 

according to HES data. Notably, the incidence estimated from HES/ONS is almost 

double the recent estimate on the basis of UKOSS (1.52 vs 0.80 per 100 000 

maternities). A study of maternal mortality from 1993-2008 estimated the incidence 

of mortality due to aortic dissection as 0.42 per 100 000 live births10, which is 

comparable to our estimates for England from HES/ONS and those for the UK from 

CEMD/CEMACH/UKOSS.  

 

The Confidential Enquiries into Maternal Deaths did not consider non-fatal events 

and UKOSS has only considered aortic dissection in one report and there is no 

further report for AD planned. In order to conduct disease monitoring of any 

condition, particularly mortality and morbidity experienced during pregnancy, there is 

an urgent need for ongoing surveillance in order to map trends and highlight health 

service needs. It is not sufficient to only monitor trends in mortality and any 

surveillance programme must be consistent in its recording and in its reporting. 
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National datasets offer advantages over surveys and audits of mortality for these 

purposes and are currently-underused.  

 

Big data 

Both HES/ONS data and the CEMD/CEMACH/UKOSS have significant limitations 

with regard to aortic dissection in pregnancy. This is surprising and disappointing for 

a “red-flag” diagnosis such as aortic dissection in pregnancy which should not have 

many incorrect alternative codes/diagnoses during hospital admissions or in mortality 

data. For example, for HES/ONS data, 13/17 deaths were only coded in ONS and 

would have been missed by HES data alone. It is important to understand the patient 

pathway and the levels in the health system and chronology of coding in order to 

interpret these data. The higher number of deaths in ONS compared with HES is 

likely to be due to the fact that a significant number of deaths from aortic dissection 

are out-of-hospital and would therefore not be recorded in ONS. In addition, deaths 

in hospital which occur within 24 hours of admission or as a result of an operation 

will be investigated by post-mortem, the results of which will not be recorded in HES. 

 

The mortality rate from HES/ONS data was 24.6% for aortic dissection in pregnancy 

which is similar to the published literature (21% for type A versus 23% for type B 

dissections)9. An anomaly in our data is the relatively low operative rate in aortic 

dissection in pregnancy (34.8% at 1 year). A recent literature review suggested that 

type A dissections were the most common form of aortic dissection in pregnancy, 

accounting for 77% of all cases9, and the vast majority of these cases would be 

expected to result in surgical management. Therefore, there is likely to be a high 

proportion of mis-coding or “missed coding” of operative management of aortic 
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dissection in pregnancy in HES/ONS. National databases such as those for MI, 

coordinated by the National Institute for Cardiovascular Outcomes Research 

(NICOR) may have helped in explaining the high rates of unoperated aortic 

dissection, but no relevant database currently exists for pregnancy. Moreover, using 

currently available routinely collected clinical data, analysis of aetiology (e.g. 

hypertension, diabetes) or presentation (e.g. type A or type B) is not possible. Such 

data are required not only to better understand the disease process but also to 

improve prevention and management.     

 

Although CEMD/CEMACH/UKOSS data are for the UK, whereas HES/ONS is for 

England, the number of deaths in the former dataset seems to be too low for aortic 

dissection in pregnancy. There are no coordinated primary care data regarding aortic 

dissection in pregnancy with which to compare our results. We used linkage of HES 

data with ONS and there seems to be a significant discrepancy between HES and 

CEMD/CEMACH/UKOSS for this particular patient population. The incidence and the 

case fatality calculated are affected greatly by the choice of dataset, the denominator 

(maternities versus conceptions) and the event in question (cases or deaths). These 

issues are directly relevant to incidence estimates for any disease. 

 

Limitations 

This study is limited by the datasets used. For HES/ONS data, no information is 

available regarding primary care and no detail other than coding could be obtained. 

The HES data are retrospective. For CEMD/CEMACH/UKOSS, we had access to full 

reports but not to data. UKOSS relies upon hospitals to submit monthly surveys and 

although response rates are high (>85%), the surveys often have incomplete data. 
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UKOSS states that, “Extensive work to date, including through various professional 

societies and the Intensive Care National Audit and Research Centre database does 

not indicate significant under-ascertainment of cases.”  However, for 2009-2011, 

85% of maternal deaths have been identified although complete information is only 

available for about 52%16. It is difficult to directly compare CEMD/CEMACH/UKOSS 

and HES/ONS due to the differential study populations (UK versus England) and the 

other variations in data characteristics. For example, the former studies report data 

regarding triennia whereas the latter can be used to produce annualised rates. 

Neither CEMD/CEMACH/UKOSS nor HES/ONS are able to comment on foetal 

outcomes. In general, the available databases do not provide much information other 

than diagnosis, hence details of the site and type of aortic dissection, whether 

dissection occurred during or after pregnancy and proportion of live births after 

surgery are unknown. 

 

Conclusions 

The case of aortic dissection in pregnancy illustrates limitations of data regarding 

complications in pregnancy from different sources in the UK setting, even for a 

diagnosis with seemingly few alternative coding and diagnostic possibilities. These 

limitations should always be acknowledged when making estimates of incidence and 

outcome. A recent study comparing the accuracy of diagnosis of myocardial 

infarction from primary care, HES and disease registries not only showed that there 

were discrepancies across datasets, but also that increasing the number of linked 

datasets increased the “pick-up” rate considerably18. These issues are pertinent as 

the UK grapples with how best to manage “Big Data” for healthcare33. Interestingly, 

the quality of surveillance of causes of global maternal mortality has greatly 
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improved through the Global Burden of Disease Study, and the UK must keep up 

with this trend for its national data34. 

 

A combination of data sources is probably necessary in order to make optimal 

estimates of incidence and outcome of aortic dissection in pregnancy and although 

routinely collected clinical data may have important uses, there are still significant 

concerns such as the quality of data linkage. Across datasets, standardisation of 

minimal data collection will reduce data heterogeneity and missing data. It is of 

concern that there are there are no further planned studies of aortic dissection in 

pregnancy, accordingly to the UKOSS. Prospective population-based studies and 

registries may still offer important disease-specific information, but incidence and 

outcome can be estimated from large datasets of routinely collected clinical data in 

the UK.  

 

 

Competing Interests 

The authors have no conflicts of interest to report. 

Funding 

No funding was secured or required for this study. 

Data Sharing Statement 

No additional data are available. 

 

 

 

 

Page 19 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-008318 on 20 A

ugust 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

 

 

 

 

References 

1. Immer FF, Bansi AG, Immer-Bansi AS, McDougall J, Zehr KJ, Schaff HV, 
Carrel TP. Aortic dissection in pregnancy: analysis of risk factors and outcome. Ann 
Thorac Surg. 2003;76:309-14. 
2. Howard DP, Banerjee A, Fairhead JF, Perkins J, Silver LE, Rothwell PM; on 
behalf of the Oxford Vascular Study. Population-Based Study of Incidence and 
Outcome of Acute Aortic Dissection and Premorbid Risk Factor Control: 10-Year 
Results From the Oxford Vascular Study. Circulation. 2013;127:2031-2037. 
3. Nienaber CA, Fattori R, Mehta RH, Richartz BM, Evangelista A, Petzsch M, 
Cooper JV, Januzzi JL, Ince H, Sechtem U, Bossone E, Fang J, Smith DE, 
Isselbacher EM, Pape LA, Eagle KA; International Registry of Acute Aortic 
Dissection. Gender-related differences in acute aortic dissection. Circulation. 
2004;109:3014-21. 
4. Weiss BM, von Segesser LK, Alon E, Seifert B, Turina MI. Outcome of 

cardiovascular surgery and pregnancy: a systematic review of the period 1984-1996. 

Am J Obstet Gynecol. 1998; 179:1643-53. 

5. Yates MT, Soppa G, Smelt J, Fletcher N, Besouw JV, Thilaganathan B, 

Jahangiri M. Perioperative management and outcomes of aortic surgery during 

pregnancy. J Thorac Cardiovasc Surg. 2014 Epub Oct 15. 

6. Nasiell J, Lindqvist PG. Aortic dissection in pregnancy: the incidence of a life-
threatening disease. Eur J Obstet Gynecol Reprod Biol 2010;149:120–1. 
7. Anderson EG. Massive aortic dissection (dissecting aneurysm) associated 
with pregnancy and hypertension. Am J Obstet Gynecol. 1949;57:793-6.  
8. Kinney TD, Sylvester RE, Levine SA. Coarctation and acute dissection of the 
aorta associated with pregnancy. Am J Med Sci. 1945;210:725-32. 
9. Rajagopalan S, Nwazota N, Chandrasekhar S. Outcomes in pregnant women 
with acute aortic dissections: a review of the literature from 2003 to 2013. Int J 
Obstet Anesth. 2014;23:348-56. 
10. la Chapelle CF, Schutte JM, Schuitemaker NW, Steegers EA, van Roosmalen 
J; Dutch Maternal Mortality Committee. Maternal mortality attributable to vascular 
dissection and rupture in the Netherlands: a nationwide confidential enquiry. BJOG. 
2012;119:86-93.  
11. Thalmann M, Sodeck GH, Domanovits H, Grassberger M, Loewe C, Grimm 
M, Czerny M. Acute type A aortic dissection and pregnancy: a population-based 
study. Eur J Cardiothorac Surg. 2011;39:e159-63.  
12. Lewis G. Saving Mothers' Lives: the continuing benefits for maternal health 

from the United Kingdom (UK) Confidential Enquires into Maternal Deaths.Semin 

Perinatol. 2012;36:19-26. 

13. Kurinczuk JJ, Draper ES, Field DJ, Bevan C, Brocklehurst P, Gray R, Kenyon 

S, Manktelow BN, Neilson JP, Redshaw M, Scott J, Shakespeare J, Smith LK, 

Page 20 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-008318 on 20 A

ugust 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

Knight M; MBRRACE-UK (Mothers and Babies: Reducing Risk through Audit and 

Confidential Enquiries across the UK). Experiences with maternal and perinatal 

death reviews in the UK--the MBRRACE-UK programme. BJOG. 2014;121 Suppl 

4:41-6. 

14. Bouvier-Colle MH, Mohangoo AD, Gissler M, Novak-Antolic Z, Vutuc C, 

Szamotulska K, Zeitlin J; Euro-Peristat Scientific Committee. What about the 

mothers? An analysis of maternal mortality and morbidity in perinatal health 

surveillance systems in Europe. BJOG. 2012;119:880-9.  

15. Shennan A, Bewley S. What has happened to the UK Confidential Enquiry 

into Maternal Deaths? BMJ. 2012;344:e4147. 

16. Bush N, Nelson-Piercy C, Spark P, Kurinczuk JJ, Brocklehurst P, Knight M; 

UKOSS.Myocardial infarction in pregnancy and postpartum in the UK. Eur J Prev 

Cardiol. 2013;20:12-20.  

17. Knight M, McClymont C, Fitzpatrick K, Peirsegaele P, Acosta C, Spark P and 

Kurinczuk JJ on behalf of UKOSS. United Kingdom Obstetric Surveillance System 

(UKOSS) Annual Report 2012. National Perinatal Epidemiology Unit, Oxford 2012. 

18. Herrett E, Shah AD, Boggon R, Denaxas S, Smeeth L, van Staa T, Timmis A, 

Hemingway H. Completeness and diagnostic validity of recording acute myocardial 

infarction events in primary care, hospital care, disease registry, and national 

mortality records: cohort study. BMJ 2013;346:f2350  

19. O'Dowd A. BMJ. NHS's care.data scheme is cautionary tale for safe data use, 

say MPs. 2014;349:g7324 

20. World Health Organization. International Classification of Diseases (ICD) 

http://www.who.int/classifications/icd/en/   (Accessed 10/8/2014). 

21. OPCS-4 Classification. Health and Social Care Information Centre (HSCIC). 

http://systems.hscic.gov.uk/data/clinicalcoding/codingstandards/opcs4 (Accessed 

10/8/2014). 

22. Centre for Maternal and Child Enquiries (CMACE), formerly CEMACH. 

http://www.oaa-anaes.ac.uk/UI/Content/Content.aspx?ID=140 (Accessed 10/8/2014) 

23. United Kingdom Obstetric Surveillance System (UKOSS). National Perinatal 

Epidemiology Unit (NPEU) https://www.npeu.ox.ac.uk/ukoss/annual-reports 

(Accessed 10/8/2014) 

24. Quality and Outcomes Research Unit (QuORU). University Hospitals 

Birmingham NHS Trust. http://www.uhb.nhs.uk/quoru.htm (Accessed 10/8/2014) 

25. Hospital Episode Statistics. Health and Social Care Information Centre 

(HSCIC). http://www.hscic.gov.uk/hes (Accessed 10/8/2014) 

26. Mortality Statistics. Office of National Statistics. 

http://www.ons.gov.uk/ons/rel/vsob1/mortality-statistics--deaths-registered-in-

england-and-wales--series-dr-/index.html (Accessed 10/8/2014) 

27. Høj L, da Silva D, Hedegaard K, Sandström A, Aaby P. Maternal mortality: 

only 42 days? BJOG. 2003;110:995-1000. 

28. Bashir M, Shaw M, Fok M, Harrington D, Field M, Kuduvalli M, Oo A. Long-

term outcomes in thoracoabdominal aortic aneurysm repair for chronic type B 

dissection. Ann Cardiothorac Surg. 2014;3:385-92 

Page 21 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-008318 on 20 A

ugust 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

29. NHS Maternity Statistics - England. Health and Social Care Information 

Centre (HSCIC) http://www.hscic.gov.uk/catalogue/PUB09202 (Accessed 10/8/2014) 

30. Conception Statistics, England and Wales. Office of National Statistics. 

http://www.ons.gov.uk/ons/rel/vsob1/conception-statistics--england-and-

wales/index.html (Accessed 10/8/2014) 

31. Yentis SM. From CEMD to CEMACH to CMACE to...? Where now for the 

confidential enquiries into maternal deaths? Anaesthesia. 2011;66:859-60.  

32. Bewley S, Helleur A. Rising maternal deaths in London, UK. Lancet. 

2012;379:1198. 

33. Hardelid P, Gilbert R. Investing in national primary care data is way forward in 

time of care.data. BMJ. 2013;347:f7509. 

34. Hogan MC, Foreman KJ, Naghavi M, et al. Maternal mortality for 181 

countries, 1980—2008: a systematic analysis of progress towards Millennium 

Development Goal 5. Lancet 2010; 375: 1609-1623. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 22 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-008318 on 20 A

ugust 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

 

 

 

 

Table 1: UK Databases of maternal mortality and morbidity 

 Database 

Database 

characteristics 

Hospital 

Episode 

Statistics 

(HES) 

Office of 

National 

Statistics 

(ONS) 

United 

Kingdom 

Obstetric 

Surveillance 

System 

(UKOSS) 

Confidential 

Enquiry into 

Maternal 

Deaths 

(CEMD) 

Confidential 

Enquiries 

into Maternal 

and Child 

Health 

(CEMACH) 

Mother and 

Babies: 

Reducing Risk 

through Audits 

and 

Confidential 

Enquiries 

(MBRRACE) 

Time period 1987- 1996- 2005- 1952-2002 2003-2011 2012- 

Country England England 

and Wales 

UK Initially restricted 

to England and 

Wales, it was 

extended in 

1985 to whole of 

the UK 

UK England, Wales 

and Scotland; 

modified 

arrangements are 

in place for 

Northern Ireland 

Retrospective/Prospective Prospective Prospective Prospective Retrospective Retrospective Retrospective 

Voluntary/mandatory Mandatory Mandatory Voluntary 

report 
Voluntary report Voluntary report Voluntary report 

Deaths All deaths All deaths Maternal 

deaths 

Maternal deaths Maternal 

deaths, 

stillbirths and 

infant deaths 

Maternal deaths, 

stillbirths and 

infant deaths 

Events other than death All hospital 

episodes 

Births Rare 

disorders 

during 

pregnancy 

Nil Nil Nil 

Lead institution Health and 

Social Care 

Information 

Centre 

UK 

Statistics 

Authority, 

reporting to 

UK 

Parliament 

National 

Perinatal 

Epidemiology 

Unit (NPEU) 

at Oxford 

University 

Department of 

Health 

Royal College 

of Obstetricians 

& 

Gynaecologists 

National Perinatal 

Epidemiology Unit 

(NPEU) at Oxford 

University 
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Table 2. Aortic dissection in pregnancy in England 2003-2011 from HES/ONS data 

 

 Year 2003-2005 2006-2008 2009-2011 Total 

No Patients 13 26 30 69 

Average Age 29 31 31 30 

Patient operated within 60-days of AD admission 0 13 (50) 8 (26.7) 21 (30.4) 

Patient operated 60 days to 1-year of AD admission * 0 (0) * 3 (4.3) 

In hospital deaths * * * 5 (7.2) 

Deaths within 42 days 8 (61.5) 6 (23.1) * 17 (24.6) 

Deaths 42days to 1-year 0 (0) 0 (0) * 0 (0) 

Aortic dissection recorded in ONS only 7(53.8) * * 13 (18.8) 

Numbers are expressed as n (%). An asterisk (*) indicates that the total number of events was less than 5, and 
therefore must be suppressed in line with guidance for data governance and anonymity from the ONS. 
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Table 3: Aortic dissection in pregnancy:incidence and mortality from HES/ONS. 

 

Incidence per 100 000/year 

 Year 2003-2005 2006-2008 2009-2011 Total 

Aortic dissection (maternities) 0.74(0.73-0.75) 1.38(1.37-1.39) 1.52(1.51-1.53) 1.23(1.22-1.24) 

Aortic dissection  (conceptions) 0.55(0.54-0.56) 1.03(1.02-1.04) 1.16(1.15-1.17) 0.92(0.91-0.93) 

Death within 42 days of aortic dissection 

(maternities) 

0.46(0.45-0.47) 0.32(0.31-0.33) 0.15(0.14-0.16) 0.30(0.29-0.31) 

Death within 1 year of aortic dissection 

(maternities) 
0.46(0.45-0.47) 0.32(0.31-0.33) 0.15(0.14-0.16) 0.30(0.29-0.31) 
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Table 4: Aortic dissection in pregnancy: data from CEMD/CEMACH/UKOSS 

Year 1997-1999 2000-2002 2003-2005 2006-2008 2009-2011 Total 

Total - - - - 12  

Age - - - 34 (median) 37 (mean)  

Deaths within 42 days 5 7 9 7 4 27 

Number operated - - - 2 5  

Incidence of AD per 
100 000 

maternities/year 

- - - - 0.80 (0.50-1.50)  

Incidence of deaths 
within 42 days due to 
AD per 100 000 
maternities/year 

0.21(0.20-0.22) 0.23 (0.22-24) 0.43 (0.42-0.44) 0.31(0.30-0.32) 0.27(0.17-0.50)  
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Figure 1: HES/ONS data for outcomes of aortic dissection from 2003 to 2011  
171x74mm (96 x 96 DPI)  
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Figure 2: Comparison of incidence of pregnancy-related aortic dissection by different databases  
146x74mm (96 x 96 DPI)  
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract  

DONE 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

DONE 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

DONE 

Objectives 3 State specific objectives, including any prespecified hypotheses 

DONE 

Methods 

Study design 4 Present key elements of study design early in the paper 

DONE 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

DONE 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of cases 

and controls 

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

DONE-retrospective cohort study 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed 

Case-control study—For matched studies, give matching criteria and the number of 

controls per case 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

DONE 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there 

is more than one group 

DONE 

Bias 9 Describe any efforts to address potential sources of bias 

DONE 

Study size 10 Explain how the study size was arrived at 

DONE 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

DONE 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 
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 2

(b) Describe any methods used to examine subgroups and interactions 

DONE 

(c) Explain how missing data were addressed 

N/A 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

DONE 

Case-control study—If applicable, explain how matching of cases and controls was 

addressed 

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy 

(e) Describe any sensitivity analyses 

N/A 

Continued on next page
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Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed 

DONE 

(b) Give reasons for non-participation at each stage 

N/A 

(c) Consider use of a flow diagram 

N/A 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information 

on exposures and potential confounders 

DONE 

(b) Indicate number of participants with missing data for each variable of interest 

DONE 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

DONE 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

DONE 

Case-control study—Report numbers in each exposure category, or summary measures of 

exposure 

N/A 

Cross-sectional study—Report numbers of outcome events or summary measures 

N/A 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 

why they were included 

DONE 

(b) Report category boundaries when continuous variables were categorized 

DONE 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 

time period 

N/A 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 

analyses 

DONE 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

DONE 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

DONE 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and other relevant evidence 

DONE 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

DONE 
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Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based 

DONE-no funding required 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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