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Aims Pregnancy is a known risk factor for arterial dissection, which can result in significant morbidity and mortality in
the peripartum period. However, little is known about the risk factors, timing, distribution, and outcomes of arterial
dissections associated with pregnancy.

...................................................................................................................................................................................................
Methods
and results

We included all women >_12 years of age with hospitalizations associated with pregnancy and/or delivery in the
Nationwide Readmissions Database between 2010 and 2015. The primary outcome was any dissection during
pregnancy, delivery, or the postpartum period (42-days post-delivery). Secondary outcomes included timing of dis-
section, location of dissection, and in-hospital mortality. Among 18 151 897 pregnant patients, 993 (0.005%)
patients were diagnosed with a pregnancy-related dissection. Risk factors included older age (32.8 vs. 28.0 years),
multiple gestation (3.6% vs. 1.9%), gestational diabetes (14.3% vs. 0.2%), gestational hypertension (6.0% vs. 0.6%),
and pre-eclampsia/eclampsia (2.7% vs. 0.4%), in addition to traditional cardiovascular risk factors. Of the 993
patients with dissection, 150 (15.1%) dissections occurred in the antepartum period, 232 (23.4%) were diagnosed
during the admission for delivery, and 611 (61.5%) were diagnosed in the postpartum period. The most common
locations for dissections were coronary (38.2%), vertebral (22.9%), aortic (19.8%), and carotid (19.5%). In-hospital
mortality was 3.7% among pregnant patients with a dissection vs. <0.001% in patients without a dissection. Deaths
were isolated to patients with an aortic (8.6%), coronary (4.2%), or supra-aortic (<2.5%) dissection.

...................................................................................................................................................................................................
Conclusion Arterial dissections occurred in 5.5/100 000 hospitalized pregnant or postpartum women, most frequently in the

postpartum period, and were associated with high mortality risk. The coronary arteries were most commonly
involved. Pregnancy-related dissections were associated with traditional risk factors, as well as pregnancy-specific
conditions.
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Introduction

Cardiovascular disease is the leading cause of maternal mortality in
the USA, accounting for 15.5% of pregnancy-related deaths.1 Most
cardiovascular events are due to thromboembolism, cardiomyop-
athy, or stroke,2 which are thought to be caused by haemodynamic,

hormonal, and structural vascular changes.3–5 Though far less com-
mon, pregnancy is also a risk factor for acute arterial dissections,4,6,7

suspected to be related to arterial changes during pregnancy.
Arterial dissections associated with pregnancy have been

described in all arterial beds, but the best-studied are acute aortic dis-
sections and spontaneous coronary artery dissections (SCADs). In a
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.
cohort-crossover study including over 6 million hospitalizations and
emergency department visits of pregnant women, Kamel et al.6 deter-
mined that the incidence rate of aortic dissection or rupture was four
times as high in pregnant compared with non-pregnant women. An
evaluation of pregnancy-associated SCAD patients from a Mayo
Clinic registry demonstrated that multiparity, infertility therapies, and
pre-eclampsia were associated with SCAD.7 Most cases of SCAD
occurred within the first 5 weeks of delivery. Both studies, however,
only included a relatively low number of cases (36 and 54, respective-
ly), limiting their ability to identify patient characteristics or outcomes
associated with arterial dissections. Furthermore, it is unknown if
pregnancy is also associated with other arterial dissections.

The goals of our study were to determine the risk factors, timing,
distribution, and outcomes of acute arterial dissections during preg-
nancy, delivery, and the postpartum period using a large population-
based database.

Materials and methods

National Readmissions Database
We obtained data from the Nationwide Readmissions Database (NRD)
between 1 January 2010 and 30 September 2015. In 2015, the NRD col-
lected discharge data from 27 geographically dispersed states, accounting
for 57.8% of the total US resident population and 56.6% of all US hospital-
izations.8 The database is populated with data from all payers as well as
uninsured persons and is comprised of more than 100 clinical and non-
clinical variables for each hospital stay. These data include patient demo-
graphics, payment source, and diagnosis and procedure codes from the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), and Procedure Coding System (ICD-9-PCS).
Trained analysts at each healthcare facility use automated online report-
ing to provide discharge data to data organizations in participating states
which process the data to ensure quality and accuracy.9 Data are then
shared with the Healthcare Cost and Utilization Project (HCUP) through
a Federal-State-Industry partnership for the development of HCUP data-
bases including the NRD. October through December 2015 did not con-
tribute to the analysis because of the transition from ICD-9 to ICD-10
coding system in October 2015. Methods are briefly described here, with
complete details provided in the Supplementary material online.

Ethical approval
The Institutional Review Board (IRB) at Beth Israel Deaconess Medical
Center waived the need for IRB approval because the NRD contains de-
identified aggregate data.

Study population
We identified all female patients >_12 years of age who were hospitalized
during pregnancy or delivery using ICD-9-CM codes (Supplementary ma-
terial online, Table S1).6 Similar to prior reports using administrative
claims databases,3 we defined a pregnancy admission as any record with a
pregnancy-related code or a delivery-related code. We defined antepar-
tum as an admission associated with a pregnancy-related ICD-9-CM
code, but not with delivery-related code. When multiple labour-related
admissions occurred, delivery was defined as the latest hospitalization in
order to exclude visits not resulting in delivery as previously described.6

The postpartum period was defined as the first 42 days after discharge
from the delivery hospitalization.10 All hospitalizations following the
delivery-associated admission were defined as postpartum admissions.

Data from November and December of the years 2010–2014 and
from August and September of 2015 did not contribute admissions to
the analysis, allowing every patient to have at least 60 days of follow-up to
assure consistent 42-day follow-up during the postpartum period.10

We excluded admissions for delivery if the discharge date was missing
or if the hospitalization occurred in a state other than the patient’s pri-
mary residence, because any postpartum admission occurring in a differ-
ent state from that of the index hospitalization would not be captured by
the NRD.

Patient characteristics
Patient characteristics included hypertension, dyslipidaemia, diabetes mel-
litus, tobacco use (former or current), bicuspid aortic valve, coarctation
of the aorta, Marfan syndrome, Ehlers-Danlos syndrome, Turner syn-
drome, fibromuscular dysplasia of the renal artery, and trauma (motor ve-
hicle accident) [all identified using ICD-9-CM codes reported at the time
of admission (Supplementary material online, Table S1)], as well as alcohol
use, illicit drug use, heart failure, chronic kidney disease, chronic liver dis-
ease, obstructive sleep apnoea, rheumatoid arthritis, and depression (as
included in the NRD). We also identified complications during pregnancy
and delivery including high-risk pregnancy, multiple gestation, haemor-
rhage, gestational hypertension, gestational diabetes, and pre-eclampsia/
eclampsia, as well as the mode of delivery (vaginal, caesarean section) in
patients admitted for delivery or during the postpartum period using diag-
nosis and procedure codes, as listed in Supplementary material online,
Table S1.

Study outcomes
The primary outcome was any pregnancy-related (pregnancy, delivery,
and postpartum period) dissection. We identified arterial dissections
using ICD-9-CM codes (Supplementary material online, Table S1). Studies
have shown that ICD-9 codes for cardiovascular diagnoses and proce-
dures such as myocardial infarction, cardiac angiography, percutaneous
transluminal coronary angioplasty, and coronary artery bypass graft sur-
gery have high sensitivities and specificities (>90% for all).11 The positive
predictive value of aortic dissection, coded according to ICD-10, was
92% when previously validated.12 All available discharge diagnoses (i.e.
primary and secondary) were included.5 Secondary outcomes were (i)
the timing of the dissection (antepartum/delivery vs. postpartum), (ii) the
location of the individual dissections (aorta, carotid artery, coronary ar-
tery, iliac artery, renal artery, vertebral artery, or other artery), (iii) the
trend of the incidence of the dissections over the course of the study
period, (iv) in-hospital mortality associated with arterial dissections, and
(v) the rate of invasive diagnostic and therapeutic procedures.

Statistical analysis
All metric and normally distributed variables are reported as mean ±
standard deviation; non-normally distributed variables are presented as
median (interquartile range). Categorical variables are presented as fre-
quency and percentage. Cell sizes <_10 were reported as ‘<_10’ per HCUP
guidelines.13

We stratified patients according to the presence of a pregnancy-
related dissection and compared baseline characteristics using Fisher’s
exact or v2 tests for categorical variables and Student’s t or Wilcoxon
rank-sum tests for continuous variables. In addition, we compared base-
line characteristics using standardized differences, which compare the dif-
ferences in means in units of the pooled standard deviations.14 We
examined independent predictors of a pregnancy-associated dissection
with a multivariable logistic regression model. Variables included in the
multivariable model were statistically significant (P < 0.05) on univariate
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..analyses. Dyslipidaemia was not included in the final model because of a
strong correlation with gestational diabetes.

We then stratified patients with a pregnancy-related dissection
according to the timing (pregnancy/delivery vs. postpartum) of the dissec-
tion. Among patients with an arterial dissection after delivery, we esti-
mated the time from delivery (day of discharge) to the time of
readmission for the dissection using the Kaplan–Meier method. Patients
were censored at the end of each year as the NRD does not track
patients across years. To evaluate incidence trends, logistic regression
models were used. Trends were assumed to be linear on the log-odds
scale. All statistical analyses were performed by using the weighted values
of observations as provided by the NRD to obtain national estimates. A
two-sided P < 0.05 was considered significant. We used STATA v.16
(StataCorp, College Station, TX, USA) for all statistical analyses.

Results

Study cohort
Between January 2010 and September 2015, 22 393 805 women
were hospitalized for pregnancy or delivery. After applying the exclu-
sion criteria, 4 241 908 patients were removed from the analysis,
resulting in 18 151 897 patients included in our study (Figure 1). Of
these patients, 993 (0.005%) were diagnosed with a pregnancy-
related arterial dissection. The incidence of which increased with
higher maternal age (Figure 2).

Patient characteristics
Patients with a pregnancy-related dissection were older (32.8 vs.
28.0 years of age, P < 0.001) than patients without a dissection.
Chronic hypertension (19.0% vs. 3.1%, P < 0.001), dyslipidaemia

(2.3% vs. 0.2%, P < 0.001), tobacco use (13.5% vs. 7.8%, P < 0.001), al-
cohol use (1.2% vs. 0.2%, P < 0.001), obesity (7.8% vs. 5.6%,
P = 0.046), heart failure (2.1% vs. 0.04%, P < 0.001), chronic liver dis-
ease (<_1% vs. 0.2%, P < 0.001), arthritis (1.8% vs. 0.3%, P < 0.001), de-
pression (6.1% vs. 2.3%, P < 0.001), Marfan syndrome (4.6% vs. 0.01%,
P < 0.001), and Ehlers-Danlos syndrome (<_1% vs. 0.01%, P < 0.001)
were more common in patients with a dissection than in those with-
out a dissection. Complications of pregnancy or delivery including
multiple gestation (3.6% vs. 1.9%, P = 0.006), gestational hypertension
(6.0% vs. 0.6%, P < 0.001), gestational diabetes (14.3% vs. 0.2%,
P < 0.001), and pre-eclampsia/eclampsia (2.7% % vs. 0.4%, P < 0.001)
were also more common in patients with a dissection (Table 1).

On multivariable analysis, the following predictors were independ-
ently associated with a higher risk of a pregnancy-related dissection:
higher age, chronic hypertension, tobacco use, alcohol use, chronic
heart failure, Marfan syndrome, Ehlers-Danlos syndrome, and gesta-
tional diabetes (Supplementary material online, Table S2).

Timing of dissection
Dissections occurred in the antepartum period in 150 (15.1%)
patients, during the admission for delivery in 232 (23.3%) patients,
and in the postpartum period in 611 (61.5%) patients (Figure 3A).
Most postpartum readmissions associated with a dissection occurred
within 30 days of delivery (3.2/100 000 deliveries at 30 days vs. 4.7/
100 000 deliveries at 180 days) (Figure 3B). The timing was similar
among all types of dissections.

Compared to patients with a dissection prior to or during delivery,
those with a dissection in the postpartum period were older (34.0 vs.
30.7 years of age, P < 0.001). High-risk pregnancy (4.7% vs. 10.8%,

Figure 1 Study population.

4236 S.E. Beyer et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/41/44/4234/5878258 by guest on 04 M
arch 2022

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa497#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa497#supplementary-data


..

..

..

..P = 0.041), haemorrhage during pregnancy (0% vs. 2.9%, P = 0.024),
gestational hypertension (<_1.6% vs. 14.0%, P < 0.001), pre-eclampsia/
eclampsia (<_1.6% vs. 5.3%, P = 0.008), as well as traditional

cardiovascular risk factors were less common in patients with a dis-
section in the postpartum period. Conversely, gestational diabetes
was more common in patients with a dissection in the postpartum

Figure 2 Incidence of arterial dissections, stratified by age category. The figure shows the incidence of dissections per 100 000 hospitalized preg-
nant or postpartum patients by maternal age.

....................................................................................................................................................................................................................

Table 1 Characteristics comparing patients with and without pregnancy-related dissections

Characteristic Arterial

dissection (N 5 993)

No arterial

dissection (N 5 18 150 904)

P-value Standardized

difference

Age, years 32.8 ± 5.5 28.0 ± 6.0 <0.001 0.828

Comorbidities

Hypertension 188 (18.96) 565 329 (3.11) <0.001 0.528

Dyslipidaemia 23 (2.32) 32 452 (0.18) <0.001 0.196

Diabetes mellitus 15 (1.50) 187 745 (1.03) 0.536 0.042

Tobacco use 134 (13.48) 1 412 532 (7.78) <0.001 0.187

Alcohol use 12 (1.16) 28 122 (0.15) <0.001 0.126

Illicit drug use 22 (2.17) 345 240 (1.90) 0.715 0.019

Obesity 77 (7.76) 1 007 754 (5.55) 0.046 0.089

Heart failure 21 (2.12) 7467 (0.04) <0.001 0.204

Chronic kidney disease <_10 10 833 (0.06) 0.267 0.033

Chronic liver disease <_10 31 628 (0.17) <0.001 0.099

Rheumatoid arthritis 17 (1.75) 52 444 (0.29) <0.001 0.147

Depression 60 (6.05) 423 217 (2.33) <0.001 0.188

Bicuspid aortic valve 0 (0.00) 291 (0.00) — —

Coarctation of the aorta 0 (0.00) 421 (0.00) — —

Marfan syndrome 46 (4.64) 961 (0.01) <0.001 0.315

Ehlers-Danlos syndrome <_10 2711 (0.01) <0.001 0.074

Turner syndrome 0 (0.00) 549 (0.00) — —

Fibromuscular dysplasia of renal artery 0 (0.00) 35 (0.00) — —

Trauma (Motor vehicle accident) 0 (0.00) 0 (0.00) — —

Complications during pregnancy or delivery

High-risk pregnancy 70 (7.05) 944 849 (5.21) 0.155 0.077

Multiple gestation 36 (3.62) 338 273 (1.86) 0.006 0.109

Haemorrhage 11 (1.10) 91 063 (0.50) 0.151 0.067

Gestational hypertension 59 (5.95) 101 439 (0.56) <0.001 0.311

Gestational diabetes 142 (14.30) 40 638 (0.22) <0.001 0.570

Pre-eclampsia/eclampsia 27 (2.71) 70 319 (0.39) <0.001 0.191

Numbers are mean ± SD or N (%), unless otherwise stated.
OR, odds ratio.
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period (19.5% vs. 6.0%, P < 0.001) (Table 2). Of patients with a dissec-
tion during the admission for delivery, 84.8% underwent a caesarean
section, while only 32.6% of patients with a dissection in the postpar-
tum period delivered by caesarean section.

Location of dissections and temporal
trend during the study period
Overall, the most common dissections were coronary (38.2%), ver-
tebral (22.9%), aortic (19.8%), and carotid (19.5%) (Take home figure).
Multiple arteries were involved in 4.4% of patients. 57.9% of aortic
dissections occurred in the thoracic aorta, 15.7% in the thoracoabdo-
minal aorta, and 10.7% in the abdominal aorta. 15.7% were coded as
‘unspecified’ aortic location. 30.5% of aortic dissections were pre-
sumed type A dissections, while 69.5% were presumed type B dissec-
tions. The most common dissections prior to or during delivery were
aortic (41.4%), followed by coronary (19.9%), carotid (18.1%), and

vertebral (16.8%). This differed from the postpartum period, where
coronary artery dissection was the most common site (49.6%), fol-
lowed by vertebral (26.7%) carotid (20.5%), and aortic (6.4%)
(Figure 4A). The distribution of aortic dissection subtypes was similar
across peripartum periods.

During the study period, the incidence of dissections per 100 000
hospitalized pregnant or postpartum patients increased from 4.46
(95% confidence interval 3.01–5.92) in 2010 to 6.20 (4.47–7.94) in
2015 (Ptrend = 0.062). This was driven by an increase in the rate of
vertebral dissections from 0.81 (0.36–1.25) to 2.31 (1.08–3.54)
(Ptrend < 0.001). The rates of the other arterial dissections remained
stable (Figure 4B).

Interventions and mortality associated
with dissection
Overall, 501 (50.4%) patients with a dissection underwent invasive
diagnostic angiography. The rate was higher among patients with a
dissection in the postpartum period (66.2% vs. 25.2%, P < 0.001).
Cardiovascular interventions were performed in 379 (38.2%)
patients. Interventions included percutaneous coronary interventions
(PCIs) and cardiac surgery in 199 (20.0%) and 191 (19.2%) patients,
respectively. The rate of PCIs was higher in patients with dissections
in the postpartum period (27.8% vs. 7.6%, P < 0.001), whereas the
rate of cardiac surgeries did not differ by peripartum periods
(Table 3). Further details on invasive diagnostic and therapeutic pro-
cedures by type of dissection are provided in the Online Supplement
(Supplementary material online, Tables S3–S8).

Of patients with a pregnancy-related dissection, 37 (3.7%) died
during the hospitalization compared to 2531 (0.0001%) pregnant
patients without a dissection (P < 0.001). Deaths were isolated to
those with an aortic [17 (8.6%)], coronary [16 (4.2%)], carotid (<_10),
or vertebral (<_10) dissection. No deaths occurred in those with an
iliac, renal, or ‘other’ dissection.

Discussion

In this nationwide cohort analysis, we demonstrate that arterial dis-
sections occur in approximately 5.5/100 000 hospitalized pregnant or
postpartum women. Arterial dissections were associated with mul-
tiple gestation, gestational hypertension, pre-eclampsia, and eclamp-
sia, in addition to traditional cardiovascular risk factors. The majority
of dissections occurred during the postpartum period and of those,
most occurred within 30 days of the hospitalization for delivery.
While coronary artery dissections were most common overall, ver-
tebral artery dissections were the most common dissections in the
postpartum period.

Prior studies have shown an association between connective tissue
disorders, hypertension, and pre-eclampsia with aortic dissection
during pregnancy.6 Our study extends those findings by demonstrat-
ing the importance of pregnancy-specific characteristics, such as mul-
tiple gestation, gestational hypertension, gestational diabetes, and
pre-eclampsia/eclampsia, which are associated with maternal vascular
remodelling.15 Traditional cardiovascular risk factors were also more
common in patients with a peripartum dissection. However, the rates
were lower than in non-pregnant patients with an arterial

Figure 3 Timing of arterial dissections. The figure shows the total
number of dissections according to the peripartum period (A) and
the time from delivery (day of discharge) to the postpartum re-
admission associated with a dissection (B). Most dissections
occurred in the postpartum period, and of those most occurred
within the first 30 days of delivery.
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.dissection,16 further highlighting the importance to understand how
pregnancy-specific changes lead to an increased risk.

Pregnancy results in haemodynamic changes including increased
heart rate, stroke volume, cardiac output, and left ventricular dimen-
sions,17 as well as large fluctuations in oestrogen and progesterone
levels. Oestrogen has been shown to have both cardioprotective
effects via release of nitric oxide leading to up-regulation of vascular
smooth muscle relaxation as well as destructive effects via release of
matrix metalloproteinase leading to degradation of extravascular
structural support.18–22 The alterations in hormone levels likely alter
this protective-destructive balance with evidence by arterial histology
from the pregnant state demonstrating reticular fibre fragmentation,
elastic fibre disorganization, hypertrophy, and hyperplasia of smooth
muscle cells.23,24 Our findings suggest that the presence of additional
risk factors, such as gestational diabetes or pre-eclampsia, may com-
pound the underlying baseline risk during pregnancy.

Notably, most of the dissections were associated with labour or
occurred in the postpartum period shortly after delivery. These find-
ings are consistent with prior reports in patients with pregnancy-

associated SCAD demonstrating that most dissections occur in the
early postpartum period.7 Our analysis adds to those results by dem-
onstrating differences in patient characteristics between patients
who develop a dissection in the antepartum period compared with
those with dissections in the postpartum period. Dissections in the
postpartum period were not only less commonly associated with
traditional cardiovascular risk factors, but also less commonly with
high-risk pregnancy characteristics, such as gestational diabetes, ges-
tational hypertension, pre-eclampsia, or eclampsia. It is possible that
dissections in the postpartum period are more commonly due to the
numerous stressors on the vasculature surrounding delivery, such as
Valsalva efforts and rapid volume shifts in the systemic circulation
shortly after delivery.25

In evaluating the distribution of dissections, there are several differ-
ences in the location of dissection between the antepartum and post-
partum populations. While the distribution of aortic dissections
drops from 41.4% in the antepartum group to 5.2% in the postpartum
group, the percentage of coronary dissections increases from 19.9%
to 49.8%. The rationale for these changes in distribution likely reflects

....................................................................................................................................................................................................................

Table 2 Characteristics comparing patients with a dissection during pregnancy or delivery and patients with a dissec-
tion during the postpartum period

Characteristic Dissection during

pregnancy or delivery

(N 5 382)

Dissection during

postpartum period

(N 5 611)

P-value Standardized

difference

Age, years 30.7 ± 5.6 34.0 ± 5.1 <0.001 -0.614

Comorbidities

Hypertension 128 (33.58) 60 (9.80) <0.001 0.611

Lipid disorder 17 (4.33) <_10 0.015 0.206

Diabetes mellitus 15 (3.90) 0 (0.00) 0.034 0.289

Tobacco use 74 (19.28) 60 (9.85) 0.017 0.273

Alcohol use <_10 <_10 0.077 0.169

Illicit drug use 14 (3.78) <_10 0.158 0.171

Obesity 54 (14.04) 23 (3.83) 0.000 0.369

Heart failure 19 (4.94) <_10 0.002 0.294

Chronic kidney disease <_10 0 (0.00) 0.208 0.096

Chronic liver disease <_10 0 (0.00) 0.012 0.220

Rheumatoid arthritis 15 (4.01) <_10 0.008 0.257

Depression 40 (10.52) 20 (3.25) 0.004 0.294

Bicuspid aortic valve 0 (0.00) 0 (0.00) — —

Coarctation of the aorta 0 (0.00) 0 (0.00) — —

Marfan syndrome 42 (10.94) <_10 <0.001 0.455

Ehlers-Danlos syndrome <_10 0 (0.00) 0.075 0.129

Turner syndrome 0 (0.00) 0 (0.00) — —

Fibromuscular dysplasia of renal artery 0 (0.00) 0 (0.00) — —

Trauma (motor vehicle accident) 0 (0.00) 0 (0.00) — —

Pregnancy or delivery characteristics

High-risk pregnancy 41 (10.79) 29 (4.71) 0.041 0.232

Multiple gestation 11 (2.78) 25 (4.15) 0.431 -0.076

Haemorrhage 11 (2.85) 0 (0.00) 0.024 0.246

Gestational hypertension 54 (14.01) <_10 <0.001 0.523

Gestational diabetes 23 (5.98) 119 (19.51) <0.001 -0.419

Pre-eclampsia or eclampsia 20 (5.31) <_10 0.008 0.246

Numbers are mean ± SD or N (%), unless otherwise stated.
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.the differences in the pregnancy-associated hormonal and haemo-
dynamic changes on specific vascular beds. For example, the aorta
may be more prone to the haemodynamic stresses of increased car-
diac output during pregnancy compared with the cerebrovascular
bed. Given cardiac output peaks late in pregnancy this may partially
explain the relative higher rate of aortic dissection during pregnancy/
delivery compared with postpartum period.26 In comparison, the
heart and coronary arteries appear to be particularly susceptible dur-
ing the early postpartum period, likely related to the dramatic in-
crease in systemic circulation related to return of blood volume after
delivery and post-delivery uterine contraction. The increase in distri-
bution of coronary artery dissections in the postpartum period cor-
responds with peak timing of other cardiac pathology in pregnancy,
including pregnancy-associated myocardial infarction from any cause
and peripartum cardiomyopathy, with the majority of these cases
occurring within the first postpartum week.27,28

Vertebral artery dissection is an important cause of ischaemic
stroke in young adults, accounting for �15% of strokes in adults 15–
49 years old.29 It primarily affects the extracranial segments and is

frequently associated with cervical manipulation or hyperextension
of the neck, as well as traditional cardiovascular risk factors including
age, hypertension, and diabetes mellitus.30 With fewer than 20 cases
reported in the largest series,31 little is known about pregnancy-
associated vertebral dissections. In our study, most of vertebral dis-
sections were diagnosed shortly after delivery, suggesting that
changes in postpartum hormones leading to transient arterial wall
abnormalities and increases in blood pressure32 as well as labour it-
self might play a role. Interestingly, however, many vertebral dissec-
tions after the 6-week postpartum period, raising the concern that
the diagnosis may be delayed in some cases because of the some-
times mild and non-specific presentation.32 The higher rate of verte-
bral dissection postpartum may also be related to postpartum
hormonal changes could specifically effect the posterior circulation.
Such an association has been hypothesized with postpartum cervical
artery dissection in the setting of reversible cerebral vasoconstriction
syndrome and reversible posterior encephalopathy syndrome.32,33

Furthermore, our results show the incidence of vertebral artery dis-
section has increased during the study period, a finding that may be

Figure 4 Location of arterial dissections. (A) The location of dissections stratified by the timing during the peripartum period (pregnancy/delivery
vs. postpartum). The sum is >100% due to a 4.4% rate of multivessel dissections. During pregnancy and delivery, aortic dissection is most common,
while coronary dissection was the most common dissection in the postpartum period. (B) The incidence trends of dissections over the course of the
study period. Shaded areas represent 95% confidence intervals. There is a small overall increase over time, which is primarily due to an increase in
vertebral dissections.
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related to higher maternal age, a decreased rate of caesarean sec-
tions, as well as improved and more widely available diagnostic
procedures.

Prior data for interventions in pregnancy-related arterial dissection
are limited in the current literature. The most abundant data available
are for SCAD. In a previous detailed collection of 750 patients with
SCAD, 4.7% were associated with pregnancy.34 The overall rate of
percutaneous intervention was 14% and 0.7% underwent coronary
artery bypass graft surgery; in-hospital major adverse events were
8.8% with death occurred in 0.1%. Peripartum-associated SCAD was
an independent risk factor for in-hospital major adverse event (OR
2.9, CI 1.2–7.1; P = 0.02) with increased rates of high-risk presenta-
tion, depressed ejection fraction, and multivessel SCAD. Data were
not available regarding treatment for those with peripartum SCAD
specifically. The higher risk features of pregnancy-related SCAD may
account for the greater rates of intervention in our study compared
with overall rate in SCAD. Our results are similar to a prior small re-
port of 45 cases of peripartum SCAD with 34% undergoing PCI and
36% undergoing CABG35 and a prior report utilizing the National
Inpatient Sample.36 Cervical artery dissection is generally managed
conservatively and interventions are generally reserved for those
with recurrent ischaemia despite antithrombotic therapy.37 Thus,
data regarding interventions in non-pregnancy-related cervical dissec-
tion are also limited to case series.38 Our rate of endovascular

intervention of 8.8% is similar to a prior report of patients with verte-
bral dissection in the presence of fibromuscular dysplasia.39

Billing codes do not differentiate type A from type B aortic dissec-
tion, but using prior algorithms, over two-thirds of pregnancy-related
aortic dissections were type B dissections, of which 14% underwent
thoracic endovascular aortic repair (TEVAR). In a prior analysis of all
patients with presumed type B dissection in the NRD, the rate of
TEVAR was similar at 16%.40 There was a comparably lower rate of
TEVAR from data of a similar timeframe in the International Registry
of Acute Aortic Dissections (IRAD) (30.9%), which is likely reflective
of judicious utilization of TEVAR in younger patients with possible
genetic predisposition to dissection.26

The mortality associated with any type of aortic dissection in our
study was 8.6%. Prior reports of mortality estimates have been lim-
ited by very small sample sizes and have therefore ranged from 0%41

to 50%42. Our results are most consistent with the findings of the
largest series so far, a study of 25 patients published in 2017.43 The
authors report a mortality rate of 20% among patients with a type A
dissection and of 0% in patients with a type B dissection.44 It is, how-
ever, important to note that these are only estimates of the inpatient
mortality. The overall mortality is likely higher with estimates that
50% of patients with a type A aortic dissection and �4% of patients
with a type B aortic dissection have previously been found to die
prior to hospital admission.45

Our study also showed an inpatient mortality of 4.2% among
patients with an SCAD, a mortality of <2.5% among patients with a
supra-aortic dissection, and no deaths in those with other types of ar-
terial dissections. While the relatively low mortality associated with
coronary artery dissection is in contrast to earlier reports, more re-
cent series have indicated that mortality rates associated with
pregnancy-associated SCAD have dramatically changed over the last
50 years. Our findings are consistent with a recent review that high-
lighted a drop in maternal mortality from 85% to 4%,46 further
emphasizing the importance of contemporary management with
emergent angiography, reduced thrombolysis, and increasingly con-
servative or percutaneous management.26 Data are lacking regarding
mortality rates related to vertebral and carotid artery dissections in
pregnancy. Case studies have thus far reported a mortality rate of
0%.31,32,47 Our results confirm the mortality rate to be low, albeit
greater than 0%.

This study must be interpreted within the limitations of analyses of
administrative claims data. The data are limited to the accuracy of bill-
ing by the providers making it possible for comorbidities to be under-
recognized and/or under billed, especially in those patients who have
uncomplicated antepartum and postpartum periods. Thus, our ana-
lysis may have been susceptible to misclassification. However, posi-
tive predictive values of codes for aortic dissection and other
cardiovascular diagnoses have previously found to be upwards of
90%.11,12 In addition, details of out-of-hospital death are not available
in the NRD, thus our incidence of some dissections, particularly aor-
tic dissection, may be underestimated. However, in studies of
patients with aortic dissection the prevalence of cardiovascular risk
factors was similar in patients who did and those who did not experi-
ence out-of-hospital death. Therefore, the distribution of risk factors
in our study is unlikely to be affected. No data are available on out-of-
hospital mortality for patients with other types of arterial dissections.
Furthermore, granular data from imaging studies to evaluate

Take home figure Coronary artery dissection is the most
common arterial dissection in the peri-partum period and also has
the highest rate of invasive angiography and intervention. Mortality
is highest among those with an aortic dissection.
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..underlying mechanisms of dissections, such as bicuspid aortic valves,
are not available in the NRD.

Conclusion

Arterial dissection remains a rare complication of pregnancy, but is
associated with a significantly increased risk of mortality. Most events
occur shortly after delivery, and the distribution of the vascular bed
involved differs based on the peripartum period. High-risk preg-
nancy-specific characteristics likely play an important role in addition
to traditional cardiovascular risk factors.
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Supplementary material is available at European Heart Journal online.
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Corrigendum doi:10.1093/eurheartj/ehz825

Online publish-ahead-of-print 14 November 2019

....................................................................................................................................................
Corrigendum to: 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes [Eur Heart J (2019);
doi:10.1093/eurheartj/ehz425].

The following post-publication corrections have been made to these Guidelines:

In Figure 4, the arrow leading from ‘invasive coronary angiography’ to ‘non-invasive testing for ischaemia’ has been corrected to point
clockwise;
and Figure 8 has been updated to clarify the second and third step rows.

VC The European Society of Cardiology 2019. All rights reserved. For permissions please email: journals.permissions@oup.com.

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/41/44/4234/5878258 by guest on 04 M

arch 2022


	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5

