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Aims As large population-based studies of aortic dissection are lacking, the incidence numbers and knowledge about
time-trends and sex differences are uncertain. The objective was to describe incidence, temporal trends and out-
come of aortic dissection with particular emphasis on sex differences.

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

During the study period 2002–2016, 8057 patients in Sweden were diagnosed with aortic dissection, identified
from the National Patient Register and the Cause of Death Register. A total of 5757 (71%) patients were hospital-
ized, whereas 2300 (29%) patients were deceased without concurrent hospital stay. The annual incidence was 7.2
per 100 000 (9.1 in men and 5.4 in women), decreasing over time in men (P = 0.005). Mean age in the hospitalized
patients was 68 years (SD 13), 2080 (36%) were women. Within the first 14 days after onset, 1807 patients (32%)
underwent surgical repair. The proportion of surgically treated increased from the 5-year period 2002–2006 to
2012–2016 [27% vs. 35%, odds ratio (OR) 1.61, 95% confidence interval (CI) 1.39–1.86; P < 0.001]. In hospitalized
patients, 30-day mortality decreased between the same periods (26% vs. 21%, OR 0.68, 95% CI 0.59–0.80;
P < 0.001). Long-term mortality decreased as well (hazard ratio 0.74, 95% CI 0.67–0.82; P < 0.001). Women had
higher 30-day mortality than men after acute repair, a sex difference that remained after age adjustment (17% vs.
12%, OR 1.38, 95% CI 1.04–1.82; P = 0.006).

...................................................................................................................................................................................................
Conclusion This population-based study detected a higher incidence of aortic dissection than prior reports, but a decreasing in-

cidence in men. Surgical therapy was increasingly used and with more favourable outcome but was less frequently
offered to elderly patients. The sustained sex differences regarding both incidence and outcome require further
attention.
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Introduction

Acute aortic dissection is a potentially lethal condition. Many patients
require emergency surgery but even with operative management,
mortality is high. As stated in the European Society of Cardiology
(ESC) guidelines, data on aortic dissection epidemiology are scarce
and the true incidence is unknown.1 The incidence numbers pre-
sented in the ESC guidelines and the European Society for Vascular
Surgery (ESVS) guidelines, respectively, were based on single
population-based studies with an incidence of 3.5 per 100 000 per
year in the Olmsted study and 6 per 100 000 per year in the Oxford
vascular study, respectively.1–4 A national Swedish registry-based
study found an increasing annual incidence of thoracic aortic disease
(aneurysm and dissection) during the period 1987–2002.5 The ESC
guidelines further emphasize the need for additional epidemiological
studies on aortic dissection to analyse outcome in different treatment
groups and to asses potential sex differences.1

Mortality in aortic dissection differs widely between subtypes and
treatment groups, with the Stanford classification dividing aortic dis-
section patients into those with type A dissection (TAD) and type B
dissection (TBD) being the most commonly used subdivision. A new
classification of TBD was suggested very recently by the Society for

Vascular Surgery and the Society of Thoracic Surgeons.6 In the above
mentioned Swedish study, 30-day mortality in hospitalized patients
with any acute aortic dissection was 37%.5 A recent report from the
International Registry of Aortic Dissection (IRAD) demonstrated
decreased in-hospital mortality in surgically treated patients with
TAD from 25% to 18% during the years 1999 to 2014, whereas mor-
tality in medically managed TAD patients remained at 56%.7 In
patients with acute complicated TBD, IRAD reported in-hospital
mortality of 11% in patients treated with thoracic endovascular aortic
repair (TEVAR) vs. 34% in patients undergoing open surgical
repair.7,8

The management of women with aortic disease is mostly based
on evidence from studies including only or mainly men. According
to previous studies, women with aortic dissection are older than
men at presentation.2,9–12 The IRAD consortium stated that
women diagnosed with aortic dissection present to the hospital
later, have worse clinical status at presentation and have higher
surgical and total mortality.9 Likewise, the Oxford vascular study
demonstrated higher 30-day and 5-year mortality in women com-
pared to men.2

The aim of the study was to describe the incidence of aortic dissec-
tion in the general population and to describe temporal trends and

Graphical Abstract
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outcome of different treatment strategies, with particular emphasis
on sex differences.

Materials and methods

National registers
All Swedish inhabitants are assigned a unique 12-digit personal registra-
tion number based on date of birth adding a 4-digit control number.
Through this number, all individuals are identifiable in all medical registers
maintained by the Swedish Board of Health and Welfare. The National
Patient Register (NPR) holds individual data for each hospitalization and
visits to specialist outpatient clinics including diagnostic codes from the
International Classification of Disease (ICD-10) and procedures accord-
ing to the Nomesco Classification of Surgical Procedures (NCSP) as well
as date of admission. The Cause of Death Register (CDR) holds data on
all individuals that die in Sweden, both in and outside of hospital care,
including autopsy information. Reporting the main cause of death (ICD-
10) to the CDR is mandatory by Swedish law. Statistics Sweden holds
demographic data on the Swedish population including the total popula-
tion each year.

Study design and population
This was a retrospective population-based register study. Data on all indi-
viduals diagnosed with aortic dissection (ICD-10 code I71.0) in the NPR
or in the CDR during a 17-year period (2000–2016) were extracted. The
date of the first-time diagnosis of aortic dissection was defined as the
index event. All registered data on relevant concomitant diseases for all
patients with dissection were extracted from the NPR 2 years prior to
the index event in addition to all diagnoses at discharge including any diag-
noses up to 90 days after the index event. Operations for aortic dissec-
tion were extracted from NPR based on specific NCSP codes. Patients
under the age of 18 were excluded. As patients with aortic dissection
have a relatively high degree of readmission following the acute index
event and since the aim of our study was to include only new cases, we
excluded patients diagnosed during 2000–2001, thereby securing that
patients included in 2002–2016 had not been diagnosed with dissection
prior to the index event. Thus, the study period was 15 years (2002–
2016). The extracted dataset from the national registers was delivered
on a patient-specific level but anonymized. Therefore, medical and surgi-
cal notes, imaging studies or autopsy reports could not be retrieved for
included patients.

Surgically treated patients were divided into TAD and TBD based on
typical treatment differences. Type A dissection is most commonly
treated with open surgical repair of the ascending aorta. Thus, patients
undergoing resection and graft replacement of the ascending aorta were
categorized as TAD. In case of need of intervention, TBD is most com-
monly managed through TEVAR or open surgical repair of the descend-
ing aorta. Since medical notes and imaging studies could not be retrieved,
the type of dissection could not be assessed in medically managed
patients.

Surgery within 14 days was defined as acute and any later surgery was
defined as delayed. In patients with TBD, surgery from Day 15 to Day 90
was defined as subacute. Dates of death were registered from the
CDR. Last follow-up was 31 December 2016. Minimum follow-up was
30 days.

The STROBE statement was used in the preparation of the manu-
script.13 The data underlying this article will be shared on reasonable re-
quest to the corresponding author. Ethical approval was obtained from
the Regional Board of Ethical Approval in Stockholm, DNR 2014/957-31
and DNR 2017/127-32.

Statistical analysis
Continuous variables are presented as means with standard deviation
(SD). Annual incidence was calculated as proportions of the total adult
population of Sweden and presented as individuals per 100 000.
Incidence trends were analysed through binary logistic regression model
with aggregated data. The study period was divided into three 5-year
time periods, 2002–2006, 2007–2011, and 2012–2016, and the patients
were categorized in five different age groups, 18–49, 50–59, 60–69, 70–
79, and 80–99 years old. Factors associated with acute surgery or
TEVAR, and 30-day mortality were analysed with multiple logistic regres-
sion models adjusting for time period, sex, age, and comorbidity. For time
trend analyses, the latter two 5-year time periods were compared with
the first period. For age analyses, the latter four groups were compared
to the first age group. Sex differences and time trends in long-term sur-
vival were analysed using Cox regression models adjusting for index year,
sex, age, and comorbidity. Results are presented with odds ratios (ORs)
for multiple logistic regression models and hazard ratios (HRs) for Cox
regression models, respectively, with 95% confidence intervals (CIs). P-
values below 0.05 were considered statistically significant. Statistical ana-
lysis was done using the Statistical Package for the Social Science (SPSS)
25.0 for Windows.

Results

Patient characteristics and general
management
Overall, 8057 individuals with the diagnosis of aortic dissection were
identified and included in the study. Of these individuals, 5757 (71%)
had been hospitalized, whereas 2300 (29%) were deceased without
concurrent hospital stay, only identified through the CDR and with
an autopsy frequency of 76% (Figure 1, Take home figure). In total,
3035 (38%) were women. The proportions of women were higher
among patients deceased without hospital admission than in hospital-
ized patients (42% vs. 36%, P = 0.001) (Supplementary material on-
line, Table S1). Mean age in admitted patients was 68 years (SD 13).
The admitted women were older than the men (71 vs. 66 years,
P < 0.001). Mean age increased from 67 years in the first 5-year time
period to 69 years in the last time period. In women mean age
increased from 70 to 72 years, whereas it remained unchanged at
66 years in men. Age distributions in men and women of each 5-year
time period are presented in Supplementary material online, Table
S2. The occurrence of comorbid conditions diagnosed prior to the
diagnosis of dissection was lower than after discharge from hospital.
For example, at discharge 747 patients (36%) had the diagnosis of
hypertension (ICD-10 code I10.9), whereas this was the case in only
126 patients (2%) prior to the onset of dissection (Table 1). At dis-
charge, men were more frequently diagnosed with hypertension and
kidney failure than women (Table 1). The majority (n = 3950, 69%) of
the patients admitted with aortic dissection did not undergo surgical
repair during the initial hospitalization. A total of 1807 (31%) patients
underwent open or endovascular repair within 14 days (Figure 1).
Acute surgically treated patients were younger than medically man-
aged patients, mean age 62 vs. 70 years, P < 0.001. The 2300 individu-
als who were deceased but not hospitalized were older, had more
comorbidity and a larger proportion were women (Supplementary
material online, Table S1).
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Figure 1 Overview of all adult individuals with aortic dissection in Sweden 2002–2016 divided into different groups. Individuals identified from the
Cause of Death Register are defined as deceased, not admitted. Aortic surgery is defined as acute the first 14 days and delayed after 14 days.
Surgically treated patients are further divided into type A and type B dissections. Surgery for type B dissection is divided into open surgery and thor-
acic endovascular aortic repair.

Take home figure This large population-based register study of over 8000 patients with aortic dissection demonstrates a higher incidence
than earlier described, an increase in surgical management and improved outcome.
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Incidence
The number of diagnosed individuals was 497 in 2002 and 535 in
2016. During the same period, the Swedish population grew from 8.9
to 10.0 million people. The mean annual incidence was 7.2/100 000.
The incidence was higher in men than in women (9.1 per 100 000 vs.
5.4 per 100 000, P < 0.001). The mean annual incidence in men was
9.8 in the first 5-year time period and 8.8 in the last time period.
Trend analysis showed a decreased in the incidence in men over time
(P = 0.005), whereas no change was seen in women (P = 0.105)
(Figure 2).

Surgical management
The majority of surgically managed patients were treated in the acute
phase, 87% (n = 1807/2067). Most patients undergoing acute repair
had TAD, n = 1609 (89%). Few TBD patients were treated by means
of surgical or endovascular repair in the acute phase, n = 198
(Table 2). The majority underwent TEVAR, n = 163 (82%), 22 (11%)
open surgical repair of the descending aorta and 13 (7%) open thora-
coabdominal surgical repair.

The proportion receiving an acute procedure increased during the
study period (27% in 2002–2006 vs. 35% in 2012–2016, OR 1.61,
95% CI 1.39–1.86; P < 0.001) (Table 3, Figure 3, Take home figure). An
increase was seen in acute TEVAR for TBD as well (Table 3). Fewer
women were treated with acute TEVAR for TBD compared to men
(2% vs. 3%, OR 0.69, 95% CI 0.49–0.99; P = 0.006) (Table 3). The
mean age in acute surgically treated patients increased from 62 years
in the first time period to 64 in the last period. The sex-specific in-
crease was 60–63 years in men and 65–67 years in women.

Out of the 2894 medically managed patients alive at 30 days, 160
patients with TBD were treated with TEVAR or open surgical repair
during follow-up. Out of these patients, 32 (20%) were treated in the
subacute phase and 128 (80%) in the chronic phase. One hundred
patients with TAD were treated with open surgical repair after the
acute phase.

Short-term mortality
Overall 30-day mortality in admitted patients was 23% (n = 1307/
5757), 26% in women and 21% in men (P < 0.001) (Table 4).
During the first period, 30-day mortality was 25%, it decreased to
21% in the last 5-year period (P < 0.001) (Table 4, Figure 4, Take
home figure). Out of the medically managed patients, 27%
(n = 1056/3950) died within 30 days. Mean time to death in these
individuals was 2 days (SD 4).

In acute surgically treated patients, 30-day mortality was 14%
(n = 250/1807), decreasing from the first to the last 5-year period
(Table 4). Female sex was associated with higher 30-day mortality
after acute repair (Table 4). In patients with TAD treated with acute
surgery, 30-day mortality was 14% (n = 231/1609). In individuals with
TBD, 30-day mortality after acute TEVAR was 10% (n = 17/163) and
after acute open surgical repair 6% (n = 2/35). Including out of hos-
pital deaths, 30-day mortality in the entire cohort was 46% (n = 3657/
8057).

Long-term survival
In all hospitalized patients, 1-year mortality was 27% (n = 1575/5757),
17% in acute surgically treated TAD (n = 278/1609), and 14% in acute

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

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

Table 1 Prevalence of concomitant disorders in all the 5757 patients, and separately in men (n 5 3677) and in women
(n 5 2080), admitted with aortic dissection in Sweden 2002–2016 prior to the first event and within 90 days from the
index event

Prior to index event At discharge or within 90 days from index event

Total, N (%) Women, N (%) Men, N (%) P-value Total, N (%) Women, N (%) Men, N (%) P-value

Hypertension 126 (2%) 38 (2%) 88 (2%) 0.158 2184 (38%) 747 (36%) 1437 (39%) 0.017

Ischaemic heart disease 24 (0.4%) 10 (1%) 14 (0%) 0.572 207 (4%) 74 (4%) 133 (4%) 0.907

Heart failure 27 (1%) 7 (0%) 20 (1%) 0.269 246 (4%) 87 (4%) 159 (4%) 0.799

Atrial fibrillation 44 (1%) 15 (1%) 29 (1%) 0.777 766 (13%) 272 (13%) 494 (13%) 0.701

Any heart disease 146 (3%) 46 (2%) 100 (3%) 0.239 2604 (46%) 888 (43%) 1726 (47%) 0.004

Stroke/TIA 9 (0.2%) 2 (0%) 7 (0%) 0.385 367 (6%) 121 (6%) 246 (7%) 0.193

Kidney failure 12 (0.2%) 2 (0%) 10 (0%) 0.160 284 (5%) 79 (4%) 205 (6%) 0.003

Diabetes 19 (0.3%) 19 (0%) 1 (0%) 0.005 194 (3%) 64 (3%) 130 (4%) 0.354

Concomitant disorders in all hospitalized patients with aortic dissection in Sweden prior to admission as well as at discharge combined with data from within 90 days from the
admission date. Proportions are described for men and women separately and compared with the v2 test, presented with P-value.

Figure 2 Incidence of aortic dissection in the adult population of
Sweden (men and women) 2002–2016. 95% confidential intervals
for each year are presented.

2434 C. Smedberg et al.
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surgically treated TBD (n = 27/198). Overall, 5-year survival was 63%
(n = 3629/5757), mean follow-up was 38 months. Long-term mortal-
ity decreased during the study period, HR 0.74 (95% CI 0.67–0.82;
P < 0.001). Female sex was not associated with higher long-term
mortality, HR 1.002 (95% CI 0.925–1.084; P = 0.982).

Discussion

This nationwide population-based study of more than 8000 patients
with aortic dissection, demonstrated a higher incidence than previ-
ously described, an increase in acute operative management and, in

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

Table 2 Acute and delayed surgical management, in total and in three different 5-year time periods

Surgical management Total (n 5 5757) 2002–2006 (n 5 1767) 2007–2011 (n 5 1917) 2012–2016 (n 5 2073) P-value

Acute aortic surgery 1807 (31%) 478 (27%) 603 (31%) 726 (35%) <0.001

Type A—acute surgery 1609 (28%) 438 (25%) 544 (28%) 627 (30%) 0.001

Type B—acute surgery 198 (3%) 40 (2%) 59 (3%) 99 (5%) <0.001

Delayed aortic surgery 260 (5%) 93 (5%) 83 (4%) 84 (4%) 0.176

Type A—delayed surgery 100 (2%) 27 (2%) 28 (2%) 45 (2%) 0.116

Type B—delayed surgery 160 (3%) 66 (4%) 55 (3%) 39 (2%) 0.002

Proportions of hospitalized patients that were treated with surgery during the three 5-year time periods. Acute is defined as surgery within 14 days from admission and any
later surgery is defined as delayed. The proportion of patients with type B dissection treated with endovascular repair was 82% for acute surgery and 76% for delayed surgery.
P-values refer to differences between the time groups, trends, analysed with the v2 test.

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

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

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

Table 3 Chance of being subjected to operative management, defined as any acute aortic surgery (A) and TEVAR (B),
respectively, and the association to index year, sex, and age in all hospitalized patients (n 5 5757)

A Mean age (SD) Crude results (n 5 1807) Adjusted results OR (CI 95%)

Men (n = 3677) 61 (12) 1195 (33%) 1

Women (n = 2080) 65 (11) 612 (29%) 1.09 (0.96–1.23)

5-year time groups

2002–2006 62 (12) 478 (27%) 1

2007–2011 62 (12) 603 (31%) 1.31 (1.13–1.52)

2012–2016 64 (12) 726 (35%) 1.61 (1.40–1.87)

Age categories

18–49 (n = 511) 246 (48%) 1

50–59 (n = 922) 409 (44%) 0.87 (0.70–1.08)

60–69 (n = 1541) 594 (39%) 0.67 (0.55–0.82)

70–79 (n = 1650) 481 (29%) 0.43 (0.35–0.53)

80–99 (n = 1133) 77 (9%) 0.08 (0.06–0.10)

B Mean age (SD) Crude results (n 5 163) Adjusted results OR (CI 95%)

Men (n = 3677) 65 (11) 118 (3%) 1

Women (n = 2080) 67 (14) 45 (2%) 0.69 (0.48–0.98)

5-year time groups

2002–2006 65 (14) 25 (1%) 1

2007–2011 64 (11) 53 (3%) 2.11 (1.31–3.43)

2012–2016 67 (12) 85 (4%) 3.08 (1.96–4.85)

Age categories

18–49 (n = 511) 14 (3%) 1

50–59 (n = 922) 36 (4%) 1.51 (0.81–2.85)

60–69 (n = 1541) 45 (3%) 1.06 (0.57–1.95)

70–79 (n = 1650) 51 (3%) 1.15 (0.63–2.12)

80–99 (n = 1133) 17 (2%) 0.69 (0.48–0.98)

The association between index year, sex, and age, respectively, and acute surgical management analysed with multiple logistic regression models. Index year was divided into
three 5-year time periods, comparing the latter two periods to the first (reference). The patients were divided into five different age strata analysing the first age category as ref-
erence. Mean age is shown for men and women as well as mean patient age of each time period. Models are adjusted for index year, sex, and age, respectively, as well as for
concomitant disorders.

Sex differences and temporal trends in aortic dissection 2435
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addition, improved survival. Some apparent sex differences were
identified such as unchanged incidence in women compared to a de-
crease in men, a lower proportion of women admitted, fewer
TEVAR-treated and a higher postoperative mortality in women.

To our knowledge, this is one of the largest population-based stud-
ies of aortic dissection to date and one of only a few modern studies
focusing on sex differences. Population-based studies are likely to re-
flect the reality more accurately than hospital-based studies or
randomized controlled trials, since also non-admitted patients dying
outside of hospital are included. Hospital-based studies, such as analy-
ses from IRAD, suffer from potential selection bias, often including a
core of healthier subjects with lower morbidity and mortality, which
may decrease the generalizability of the findings to larger populations.

The age and sex distribution of the identified cases were compar-
able to other population-based aortic dissection cohorts with mean
age between 66 and 72 years and the proportions of women ranging
from 36% to 40% (Table 5).2,4,14,15 However, compared to single- and
multicentre studies and investigations on surgically treated patients
alone, the population in our study was older, with mean age of
68 years compared to 63 years in IRAD and 58 years in the STABLE
study (Table 5).7,8,16,17 Women were 5 years older than men at pres-
entation, a finding coherent with other reports.2,9–12 Notably, a
higher proportion of the patients deceased without concomitant
hospital stay were women compared to hospitalized patients. The
same difference was reported for TAD patients in the Oxford
Vascular Study where the proportion of women in out-of-hospital

Figure 4 Thirty-day mortality in patients admitted with aortic dis-
section presented in total, in men and in women. 95% confidential
intervals for each year are presented.

Figure 3 Proportions of admitted patients with aortic dissection
treated with acute surgery of the aorta per year in total, in men and
in women. 95% confidential intervals for each year are presented.

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

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

Table 4 Short-term mortality and association with index year, sex, and age

All admitted (n 5 5757) Acute surgically treated (n 5 1807)

Age, mean (SD) 30-day mortality Adjusted

OR (95% CI)

Age, mean (SD) 30-day

mortality

Adjusted

OR (95% CI)

Men 66 (13) 759 (21%) 1 61 (12) 144 (12%) 1

Women 71 (12) 548 (26%) 1.11 (0.97–1.27) 65 (11) 111 (17%) 1.38 (1.04–1.82)

5-year time groups

2002–2006 67 (13) 455 (26%) 1 62 (12) 81 (17%) 1

2007–2011 68 (13) 426 (22%) 0.78 (0.67–0.91) 62 (12) 80 (13%) 0.74 (0.52–1.03)

2012–2016 69 (13) 426 (21%) 0.68 (0.59–0.80) 64 (12) 89 (12%) 0.64 (0.46–0.88)

Age categories

18–49 62 (12%) 1 25 (10%) 1

50–59 119 (13%) 1.06 (0.76–1.47) 43 (11%) 1.00 (0.59–1.69)

60–69 240 (16%) 1.34 (0.99–1.81) 75 (13%) 1.22 (0.75–1.97)

70–79 404 (25%) 2.31 (1.73–3.09) 85 (18%) 1.84 (1.13–2.97)

80–99 482 (43%) 5.34 (3.98–7.16) 22 (29%) 3.33 (1.73–6.41)

Multiple logistic regression models analysing 30-day mortality and the association between index year, sex, and age for all admitted patients and in acute surgically treated, re-
spectively. The 15-year study period was divided into three 5-year time groups where the latter two time groups were compared with the first time group. Patients were div-
ided into five different age groups and the latter four were compared to the first age group. Mean age is presented for each time period and for men and women, respectively.
Models are adjusted for index year, sex, and age, respectively as well as for concomitant disorders.
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..deaths was even higher.2 The higher mean age in women may con-
tribute to such a sex difference, but a bias in referral patterns and
clinicians failing to treat women per protocol has been reported to
remain even after adjustment for age and comorbidity in other pa-
tient groups such as with chest pain and patients with abdominal aor-
tic aneurysms.18,19 A recent meta-analysis of sex-specific differences
in association with repair of descending thoracic aortic aneurysms
identified higher 30-day mortality in women, a finding unrelated to
age.20 Any possible biological sex differences in eligibility for repair of
the thoracic aorta and the reason behind the sex-specific mortality
differences remain to be identified.

The frequency of previously documented comorbid conditions
prior to onset of dissection was unexpectedly low in contrast to the
more prevalent disease distribution found at or after discharge.
Moreover, it has been reported that diagnoses other than the main
diagnosis are more poorly documented in the NPR.21 Most import-
antly, after the index event the patients have a vast increase of regis-
tered comorbid conditions, which would have been missed if only
the diagnosis codes on admission had been included.

The true incidence of aortic dissection has been hard to deter-
mine due to lack of large population-based studies, which was
addressed in the ESC guidelines as a gap in evidence.1 The incidence
reported in guidelines and earlier population-based studies span
from 2.5 to 6 per 100 000 per year (Table 5).1–4,14,15 In the Oxford
Vascular Study, the incidence of aortic dissection was 6 per
100 000 per year, a study identifying 155 cases (admitted and out-
of-hospital deaths) in a population-based setting in a county with
93 000 inhabitants. In the present study, the incidence of aortic dis-
section was found to be 7.2 per 100 000 per year in Sweden with a
population of 10 million. The inclusion of out-of-hospital deaths,
combined with the high autopsy rate among individuals dying out-
side of hospital markedly strengthens the findings. This implies that
the true incidence of aortic dissection is higher than indicated in a

number of previous reports. Actually, since 29% of diagnosed
patients were not admitted, only reporting the incidence of hospi-
talized patients would introduce a serious underestimation of the
incidence. From the high autopsy frequency, 76%, compared to the
general Swedish autopsy frequency of 11% (www.socialstyrelsen.se;
2016), the validity of the dissection diagnoses in the 2300 out-of-
hospital deaths can be considered to be very high. The Swedish law
on autopsy do not mandate autopsy other than when a forensic
autopsy is indicated and there are no specific regulations regarding
out of hospital deaths. In a recent German study, an annual inci-
dence of TAD as high as 11.9 per 100 000 was reported.22

However, that figure was an estimation based on exploration rather
than a true finding.22 An increase in the incidence of aortic dissec-
tion and aneurysm was presented in a population-based study from
Ontario, Canada, during the period 2002–2014.14 Conversely, the
present dataset rather confirms an unchanged incidence in women
and a decrease in the incidence in men. In a study from Iceland, no
change in the incidence was reported during 1992–2013.15 The
general development of incidence rates in other cardiovascular dis-
ease groups is similar. The ESC recently published cardiovascular
disease statistics from 2019 reporting a decrease in the incidence of
coronary heart disease and stroke as well as a decrease in cardio-
vascular risk factors such as hypertension and smoking.23,24

Statistics on aortic dissection is not included in the report.24

Survival in coronary heart disease and stroke in men is improving,
but a less pronounced improvement is seen in women.25,26

In contrast to the incidence rates, the proportions of surgically
treated patients increased markedly during the study period. An in-
crease in acute operative management was also shown in IRAD.17 It
could have been suspected that the wide introduction of TEVAR
would have contributed greatly to the increase, but actually, the in-
crease was mainly due to a rise in acute open surgical repair for TAD
shown both in actual numbers and as proportions treated in the

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

Table 5 Presentation of contemporary reports on aortic dissection including epidemiological studies and studies
focusing on sex differences

Reference Study design Number of patients Mean age Percentage of women Incidence per 100 000

Howard et al., 20132 Population based 155 72 40% 6.0

Clouse et al., 20044 Population based 39 67 36% 3.5

McClure et al., 201814 Population based 5966 66 39% 4.6

Melvinsdottir et al., 201615 Population based 153 67 39% 2.5

Nienaber et al., 20049 IRAD 1078 62 32% —

Sex differences

Conway et al., 201510 Multicentre 251 67 31% —

Sex differences

Liang et al., 201711 Population based 9855 66 43% —

Sex differences

Maitusong et al., 201612 Multicentre 400 51 24% —

Sex differences

Pape et al., 201517 IRAD 4428 63 37% —

Lombardi et al., 201216 STABLE 40 58 30% —

Smedberg et al., (present study) Population based 8057 68 36% 7.2

Important studies on aortic dissection including number of patients as well as sex- and age distribution. In epidemiological studies, incidence is presented.

Sex differences and temporal trends in aortic dissection 2437
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.
population. Older age was associated with a decreased chance of get-
ting aortic surgery, whereas sex did not influence the chance of surgi-
cal management other than the chance for TEVAR in TBD.

The outcome in patients with aortic dissection is improving.
Thirty-day mortality in admitted patients was 23% in our study com-
pared to 37% in Sweden 1987–2002.5 This improvement continued
during our study, both overall and in surgically treated individuals,
which is coherent with other modern epidemiological studies.7,14,15

In crude numbers, among all admitted patients, women had higher
30-day mortality. Women also had higher 30-day mortality than men
among acute surgically treated patients. Age-adjusted analysis
revealed that female sex per se was associated with increased 30-day
mortality after acute surgical procedures, whereas such an associ-
ation did not exist in the whole group of admitted patients. Our
results are consistent with results presented in the Oxford vascular
study and by the IRAD-group, but differs from modern, albeit small,
studies on patients with TBD and surgically managed patients with
TAD where no sex differences in mortality were seen.2,9–12

Postoperative mortality after TEVAR for descending thoracic aortic
aneurysm has been reported to be higher in women.20 The same re-
view conclude that the reason for the sex differences in mortality is
unknown but speculates that sex differences in aortic morphology
and hidden coronary heart disease in women are possible reasons.20

Another possible explanation to the sex differences in mortality
could be that clinicians fail to adhere to guidelines when treating
women, as reported for coronary heart disease and abdominal aortic
aneurysms.18,19 Our results show higher 30-day mortality in medical-
ly managed patients compared to acute surgically treated patients
(27% vs. 14%). It is plausible that the group of medically managed
patients dying within 30 days mostly included patients with TAD that
had been denied surgical repair.2,14,15,27,28 Not surprisingly, older age
was associated with increased 30-day mortality. Interestingly, no dif-
ference was seen in the three youngest age groups, whereas patients
over 70 years had markedly higher mortality, both overall and in sur-
gically treated patients alone.

This study is limited by its register-based design as well as the
flawed ICD coding of dissection, not separating TAD and TBD. The
distinction of surgically treated TAD and TBD can be made by apply-
ing the treatment codes, but medically managed can only with caution
and interpretation of common clinical care be divided into TAD and
TBD. By excluding patients diagnosed with aortic dissection during
the 2 years preceding the study period the risk of including patients
with already diagnosed dissection should have been minimized, albeit
that some patients could have had a diagnosed hospital episode more
than two years prior to 2000, which would then be misclassified as
‘new dissection’ rather than progression of disease. A large validating
study in 2011 concluded that the validity of the NPR for cardiac diag-
noses was over 90% and for cardiac surgery, 98% but no validating
study for aortic dissection has been conducted.21 The majority of
comorbid conditions, such as hyperlipidaemia and hypertension, are
managed by general practitioners, whose diagnostic coding is not
included in the NPR. This introduces an underestimation of comor-
bid conditions prior to hospital or specialist outpatient care, which
was clearly shown in our results.

The strengths of the study are the population-based nature and
the inclusion of a large number of patients over many years. Patient
inclusion not limited to hospitalized individuals but also taking into

account those deceased from aortic dissection without hospitaliza-
tion should be of great importance in describing the true incidence of
aortic dissection. An autopsy frequency in not admitted patients of
75% in our study confirms the reliability of diagnoses in this group.
Reporting to the NPR and the CDR is mandatory and the possibility
to cross-link these registers are limited to few countries. Given that,
these registers are good for describing incidence and trends in treat-
ment and mortality.

In summary, the present population-based study detected a higher
incidence of aortic dissection than prior reports, but a decrease in
the incidence in men over time. The trend, including an increasing
volume of surgically treated patients and with more favourable out-
come, mirrors the tendencies found in other cardiovascular diseases
with increasing treatment rates and improved survival. The lower
chance for elderly patients to be subjected to surgical treatment also
mimics what has been described for other patient groups. The find-
ings imply that one can foresee an increasing number of patients
admitted for open and endovascular repair, considering the improv-
ing results also in elderly, even though the incidence is not increasing.
The sustained sex differences identified also in this cardiovascular pa-
tient group regarding both incidence and outcome require further at-
tention in future studies.

Supplementary material

Supplementary material is available at European Heart Journal online.
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