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Abstract

OBJECTIVES: Acute thoracic aortic dissection (ATAD) is a devastating condition associated with a high mortality rate. Recent reports
suggest that its incidence is rising. Utilizing nationwide data comprising the whole Icelandic population, we aimed to determine the inci-
dence, mortality rate and time-dependent mortality risk of ATAD.

METHODS: Data were retrospectively collected using centralized hospital discharge registries, autopsy records and Cause of Death
Registry in Iceland from 1992 to 2013.

RESULTS: Age- and gender-adjusted incidence of ATAD was 2.53/100 000/year, and no significant change in incidence was observed
during the study period. The mean age was 66.9 ± 13.6 years and 66.0% (101/153) were Stanford type A. Of the whole group, 17.6% (27/153)
died prior to hospital arrival, whereas the risk of death for patients who arrived alive to a hospital was 21.4% (27/126) within 24 h and
45.2% (57/126) at 30 days. During the course of the study, patients with type A dissection were more likely to undergo an operation and
the management of type B dissection changed from open to endovascular repair. The 30-day mortality rate declined every year and the
5-year survival rate improved in the last third of the study.

CONCLUSIONS: The incidence of ATAD was 2.53/100 000/year and remained constant throughout the study, contradicting recent percep-
tions of a rising incidence. ATAD, type A in particular, remains a highly lethal condition: Over half of all patients die within 30 days of the
index event. A reduced 30-day mortality rate and an increased long-term survival rate indicate improved overall outcomes in patients with
this complex condition.
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INTRODUCTION

Acute thoracic aortic dissection (ATAD) is a complex disease general-
ly associated with high morbidity and mortality rates [1, 2]. Its patho-
genesis is reasonably well defined and patients die of aortic rupture,
tamponade, acute aortic insufficiency and malperfusion syndromes
[3]. Existing studies describing the incidence of ATAD have predom-
inantly looked at incidence in geographically limited areas or
included primarily hospital admissions and thus may not reflect the
true incidence of ATAD. These studies differ in design but suggest
that for the past decades, the incidence of ATAD has increased from
2–3.5/100 000/year to more than 6/100 000/year for a general
cohort and up to 15/100 000/year in older individuals [4–9].

Defining the true incidence of aortic dissection is hampered by
its high early mortality rate and the challenge of diagnosing the
disease. Death outside of a hospital is reported to be between 21
and 49%, whereas the early (<24 h) mortality rate can reach 50%, at
times associated with delay in diagnosis or missed diagnosis [4, 7].
The national healthcare system in Iceland is a modernized single-
payer system, allowing easy access to healthcare. Comprehensive
hospital databases as well as reasonably high autopsy rates, there-
fore, allow for a near-complete capture of all cases of ATAD. This
makes Iceland a particularly appealing place to study such a rela-
tively uncommon and morbid disease.
Accordingly, in this study, we aimed primarily to assess the con-

temporary incidence and outcome of ATAD but also to analyse
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time-dependent mortality risk and the effects of treatment strat-
egies on outcomes. To do so, we utilized nationwide data from
the whole Icelandic population from 1992 to 2013.

MATERIALS ANDMETHODS

Data sources

Data were retrospectively collected utilizing databases from the
Landspitali University Hospital and all (four) regional hospitals in
Iceland, the separate intensive care unit database at Landspitali as
well as hospital and forensic autopsy databases of the Department
of Pathology at Landspitali (where all autopsies in Iceland are per-
formed) between 1 January 1992 and 31 December 2013. The
Cause of Death Registry at The Directorate of Health, for the same
period, was queried and concurred with clinical and autopsy data-
bases. To capture all cases, extended search criteria for ATAD were
used that are given in Supplementary Table 1. These criteria
included diagnostic codes, procedure codes and pathology codes
comprising aneurysm, dissection and aortic operations involving
the chest cavity. ATAD was defined as disruption of the media
layer of the aorta with bleeding within and along the wall of the
aorta resulting in separation of the layers of the aorta [10]. The
index event of acute dissection was defined as a dissection less
than 2 weeks old confirmed by autopsy, imaging or an operative
report. Intramural haematoma or penetrating aortic ulcers were
not defined separately since the designation and ICD coding for
these conditions are not well described. In cases where chronic
aortic dissection was identified, the original acute index event was
backtracked to the approximate month and year of the initial
diagnosis.

Initial queries of databases retrieved 3637 returns for 1910 in-
dividual patients. Medical records of 3 patients were not avail-
able for review or were missing, resulting in 1907 electronic
medical records and paper charts that were manually reviewed.
A computerized autopsy database was available only from 1995
onwards; thus, 1161 autopsy records from 1992 to 1994 were
manually reviewed. Two members of the research team (I.H.M.
and A.G.) manually reviewed the charts to exclude or confirm
the diagnosis of ATAD. One individual was diagnosed with two
separate dissections, initially with type B and 2 years later with
type A dissection. Each was counted as an index event, but the
first event was censored for survival once the second event
occurred.

Demographics, medical history, risk factors and clinical symp-
toms, totalling 92 variables, were retrospectively collected for all
patients and are shown in Supplementary Methods.

Primary outcomes

The primary outcomes were short-term mortality and long-term
overall survival. Short-term mortality was defined as death prior
to hospital, death within 6 or 24 h of hospital arrival and death
within 30 days of admission. Long-term survival was defined as
survival from the day of the index event until death or end of
follow-up. Individuals who died prior to arrival to hospital were
excluded from survival calculations. Information on survival was
available for all patients with Icelandic ID numbers from Registers
Iceland, queried on 1 March 2015, and was 100% complete.
Survival for foreign visitors (7 cases) was censored on the day of

discharge or last encounter. Median survival of all patients who
arrived alive to hospital was 2.88 years [95% confidence interval
(CI): 0.04–4.82] with a total 469 years of follow-up.

Statistical analysis

Incidence was calculated and standardized according to the age
and gender distribution of the population in the year 2013,
derived from the National Statistics Iceland. Foreign visitors were
not counted in incidence calculation but were included in short-
term outcome data. Differences in incidence by age, gender, the
type of dissection or calendar period were estimated with Poisson
regression, using population data as offset. Continuous variables
were expressed as mean ± SD and categorical variables as percen-
tages. Student’s t-test was used for continuous variables and χ2

and Fisher’s exact test were used for categorical variables. Odds
ratios (ORs) for predictors of short-term mortality (<24 h or
30-day mortality rate) were estimated with logistic regression.
Cases of death prior to hospital arrival were excluded from risk
analysis. Hazard ratios for predictors of long-term survival were
estimated with Cox proportional hazards regression. Independent
predictors of short-term mortality and long-term survival were
determined with a stepwise-selected multivariate logistic regres-
sion model and a stepwise-selected Cox proportional hazards re-
gression model, respectively; we chose the model that minimized
the Akaike information criterion. Possible predictors of outcomes
used in models determining the 24-h mortality rate included age,
sex, whether operation was performed, hypotension and the pres-
ence of malperfusion syndrome; the 30-day mortality rate: age,
sex, chronic renal insufficiency, whether an operation was per-
formed, family history of dissection and malperfusion; and the
long-term survival rate: age, chronic renal insufficiency, coronary
artery disease, family history of dissection, whether an operation
was performed, hypotension and malperfusion. Kaplan–Meier
curves were drawn to estimate the overall survival rate, as well as
survival by gender, type of dissection and calendar period.
The study was approved by the Icelandic National Bioethics

Committee and the Icelandic Data Protection Commission. As in-
dividual patients were not identified, obtaining individual consent
for the study was waived.

RESULTS

Patient characteristics

During the study period, 153 index events of ATAD were identified
in 152 patients of which 101 (66.0%) patients were diagnosed with
Stanford type A and 52 (34.0%) with Stanford type B dissection.
Demographics and clinical characteristics of the patients are pre-
sented in Table 1. The mean age at the index event was 66.9 ± 13.6
years, with the women being significantly older than the men
(71.9 ± 10.9 vs 63.8 ± 14.3 years, P < 0.001). There were more men
than women (1:59). Hypertension was present in 57.5% of patients
and 62.0% had a history of smoking. Patients diagnosed with type A
dissection more often had a positive family history of dissection and
presented with signs signifying greater severity of the illness, such as
hypotension and syncope. Chest pain was the prevailing symptom at
presentation in all groups of patients.
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Incidence of acute thoracic aortic dissection

The population of Iceland was 259 727 in 1992 and increased to
321 857 in 2013 with an average of 290 072 for the study period
[11]. Using a numerator of 153 index events, the age- and gender-
adjusted incidence of ATAD was estimated to be 2.53/100 000/

year (95% CI: 2.13–3.00). No significant change was observed in
the incidence rate during the course of the study, where annual
percent change (APC) was 0.68% (P = 0.606) (Fig. 1). For men, the
incidence was 3.17/100 000/year (95% CI: 2.54–3.94), which was
significantly higher than that for women, 1.88/100 000/year (95%
CI: 1.41–2.50) with an incidence rate ratio (IRR) of 0.61 (P = 0.004).

Figure 1: Incidence of acute thoracic aortic dissection in Iceland 1992–2013,
adjusted to the age and gender distribution of the population in the year 2013.

Figure 2: Incidence of acute thoracic aortic dissection in men and women,
adjusted to the age distribution of each gender of the population in the year 2013.

Table 1: Demographics, risk factors, clinical presentation and imaging methods for diagnosis by type of dissection

All (n = 153) Type A (n = 101) Type B (n = 52) P-value

Mean (SD) age, years 66.9 (13.6) 65.6 (15.0) 69.6 (10.1) 0.052
Male 94 (61.4) 60 (59.4) 34 (65.4) 0.586
Hypertension (n = 146) 84 (57.5) 53 (55.8) 31 (60.8) 0.684
Diabetes (n = 148) 3 (2.0) 3 (3.0) 0 (0.0) 0.552
Dyslipidaemia (n = 105) 26 (24.7) 12 (19.0) 14 (33.3) 0.153
CRI (n = 131) 11 (8) 6 (7.4) 5 (10.0) 0.748
Coronary artery disease 40 (26.7) 25 (25.5) 15 (28.9) 0.153
Peripheral vascular disease 22 (14.5) 14 (14.0) 8 (15.4) >0.999
Prior TIA 5 (3.3) 3 (3.0) 2 (3.9) >0.999
Prior stroke 7 (4.7) 5 (5.0) 2 (3.9) >0.999
COPD 13 (8.7) 7 (6.9) 6 (11.8) 0.367
Smoking history (n = 121)
Active smoker 41 (33.9) 23 (30.0) 18 (40.9) 0.111
Prior smoker 34 (28.1) 22 (28.6) 12 (27.3)

Known thoracic aneurysm 15 (11.5) 10 (9.9) 5 (9.6) >0.999
Connective tissue disease 3 (2.0) 2 (2.0) 1 (1.9) >0.999
Bicuspid aortic valve (n = 122) 6 (4.9) 6 (6.7) 0 (0.0) 0.339
Family history of dissection 7 (4.6) 6 (5.9) 1 (1.9) 0.023
Chest pain (n = 128) 109 (85.1) 69 (89.6) 40 (78.4) 0.137
Heart failure (n = 120) 9 (7.5) 8 (11.0) 1 (2.1) 0.088
Syncope (n = 140) 57 (40.7) 50 (55.6) 7 (14.0) <0.001
Hypotension (n = 119) 43 (36.1) 41 (56.9) 2 (4.3) <0.001
Malperfusion syndrome (n = 106) 31 (29.2) 19 (31.7) 12 (26.1) 0.682

Categorical data expressed as n (%).
SD: standard deviation; CRI: chronic renal insufficiency; TIA: transient ischaemic attack; COPD: chronic obstructive pulmonary disease.
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No change was noted in the incidence rates for either men (APC:
0.57%) or women (APC: 0.83%, P = 0.923) over the course of the
study (Fig. 2). In patients aged less than 65 years, the incidence
was 1.10/100 000/year (95% CI: 0.82–1.45), whereas in patients
aged ≥65 years, it was 12.12/100 000/year (95% CI: 9.75–15.13)
with an IRR of 12.53 (P < 0.001). The incidence in patients less than
65 years of age did increase (APC: 4.17%), whereas it decreased in
the age group ≥65 years (APC: −1.85%, P = 0.030) during the study
period (Fig. 3). The incidence for different types of dissections was
1.71/100 000/year for type A and 1.04/100 000/year for type B,
and no significant change was noted in incidence rates of either
type (Supplementary Figure 1).

Early outcomes

Early time-dependent mortality rates for patients with ATAD are
presented in Table 2. There were 27 (17.6%) cases of death prior

to hospital arrival, of which 92.6% (25/27) had a type A dissection
(P = 0.003). For patients who arrived alive to a hospital, the mortal-
ity rate was 10.3% in the first 6 h, 21.4% within 24 h and 45.2%
within 30 days. Including all cases, the 30-day mortality rate from
the index event was 54.9%, regardless of treatment modality. The
24-h and 30-day mortality rates were significantly higher for
patients diagnosed with a type A than for patients with a type B
dissection. During the course of the study, the proportion of
patients who died prior to hospital arrival did not change nor did
the 24-h mortality rate (OR: 1.02, 95% CI: 0.95–1.09, excluding
dead on arrival cases). However, the 30-day mortality rate
decreased significantly for each calendar year of the study period
(OR: 0.94, 95% CI: 0.88–0.99).
The analysis of the 101 patients diagnosed with type A dissec-

tion revealed that 24.8% (25/101) died prior to arrival at a hospital
and of the remaining 76 patients, 55.3% (42/76) underwent an op-
eration to repair the dissection. Of the 34 patients who arrived
alive to a hospital, but did not undergo an operation, 17.6% (6/34)
died before reaching the operating room after a decision had
been made for an operation; 26.5% (9/34) were not operated on
because they were considered to be of extreme operative risk; 1
refused an operation; in 11.8% (4/34), the reason for not operating
was unknown; and in 41.2% (14/34), the diagnosis was not estab-
lished until autopsy. The 30-day mortality rate for patients oper-
ated for type A dissection was 28.6% and did not change
significantly throughout the study period. Of the 34 non-operated
patients with type A dissection, only 2 patients (5.9%) survived to
discharge and there were no survivors beyond 1 year from the
index event. The proportion of patients undergoing an operation
for type A dissection increased significantly over the study period:
75.8% (25/33) patients underwent surgery in the years 2007–2013
compared with 38.1% (8/21) in 1992–1999 and 40.9% (9/22) in
2000–2006 (P = 0.007).
Of the 52 patients with type B dissection, only 2 died prior to

hospital arrival. Of the patients admitted to hospital, 26.0% (13/50)
underwent an operation for the treatment of the dissection. The
overall 30-day mortality rate decreased from 50% (8/16) in 1992–
1999 to 0% (0/13) in 2006–2013 (P = 0.011). In the first third of the
study, the primary operative method was open thoracotomy
aortic repair, whereas endovascular methods were used in the last
third.
Univariate logistic regression analysis of risk factors associated

with early mortality is given in Supplementary Table 2. Using
multivariate analysis, independent predictors of death within 24 h
were determined to be female sex and hypotension for 30-day

Figure 3: Incidence of acute thoracic aortic dissection stratified to individuals
over the age of 65 and individuals 65 years and younger, adjusted to the
gender distribution of the population in 2013.

Table 2: Short-term outcome by type of dissection

All (n = 126) Type A (n = 76) Type B (n = 50) P-value

Death prior to hospital (n = 153) 27 (17.6) 25 (24.8) 2 (3.8) 0.003
Death <6 h of hospital arrival 13 (10.3) 11 (14.5) 2 (4.0) 0.112
Death <24 h of hospital arrival 27 (21.4) 22 (28.9) 5 (10.0) 0.021
Death <30 days of hospital arrival 57 (45.2) 43 (56.6) 14 (28.0) 0.003
Operation performed 55 (43.7) 42 (55.3) 13 (26.0) <0.001
Mean (SD) ICU stay, days 6.5 (10.0) 6.7 (9.6) 6.1 (10.6) 0.772
Mean (SD) hospital stay, days 18.7 (23.2) 19.0 (23.1) 18.3 (23.7) 0.883

Categorical data expressed as n (%).
SD: standard deviation; ICU: intensive care unit.
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mortality rate: female sex, chronic renal insufficiency, family
history of aortic dissection, hypotension and malperfusion syn-
drome, while performing an operation predicted lower mortality
(Table 3).

Late outcomes

The long-term survival rate of all patients diagnosed with dissec-
tion was 52.9 ± 4.5% at 1 year, 39.6 ± 4.6% at 5 years, 33.6 ± 4.8% at
10 years and 21.5 ± 6.7% at 20 years (Supplementary Figure 2).
The long-term survival rate was not different between genders
(P = 0.103) or between type A and B dissections (P = 0.086)
(Supplementary Figures 3 and 4). The 5-year survival rate
improved during the course of the study from 31.8 ± 7.8% in
1992–1999 to 51.6 ± 8.6% in 2007–2013 (hazard ratio: 0.52, 95%
CI: 0.29–0.94, P = 0.030) (Fig. 4). Results of univariate Cox propor-
tional hazards regression on risk factors associated with higher
long-term mortality are given in Supplementary Table 2. On
multivariate analysis, using the stepwise-selected Cox proportional
hazards regression model, the identified independent predictors
of late mortality were age and hypotension on arrival to hospital,
whereas undergoing an operation was associated with a
decreased hazard ratio for time-dependent mortality (Table 3).

DISCUSSION

The main objective of this study was to define the true incidence
of ATAD using across-the-board nationwide data from a well-
defined population. Great efforts were made to include all cases

by querying many different hospitals and registry databases in
Iceland and using broad definitions to avoid overlooking mis-
coded cases. We report the incidence of ATAD to be 2.53/
100 000/year, and it remained stable throughout the study period.
Our findings contradict recent reports suggesting that the inci-
dence of ATAD is rising. The Oxford Vascular Study, which is the
only prospective study looking specifically at vascular diseases,
reported the incidence of ATAD as 6/100 000/year. However, it
included only patients registered to general physician practices in
a geographically limited area with a population of 92 728 [7]. The
Malmö Diet and Cancer study reported an even higher incidence
of 15/100 000/year, using a retrospective cohort designed to in-
vestigate the association of diet and cancer in middle-aged indivi-
duals born between 1923 and 1950. Although different age
groups were not categorized in the Malmö Diet and Cancer study,
their incidence is comparable with the incidence that we
observed in persons ≥65 years in the present study, indicating
that the population incidence was overestimated due to under-
representation of younger individuals in their cohort [9]. A large
nationwide population-based study described a rising incidence
of thoracic aortic aneurysm and dissection in Sweden from 1987
to 2002; however, the data included the incidence of both aneur-
ysms and dissections, making it impossible to draw a specific con-
clusion regarding ATAD [6]. The incidence we report in the present
study is, however, in line with contemporary data from the
Medicare admission database where the rates of hospitalization
for ATAD remained stable at 10/100 000/year in patients >65 years
of age from 2000 to 2011 [12]. It also agrees with long-term data
from Olmsted County, Minnesota, where the incidence of ATAD
has remained between 2.6 and 3.5/100 000/year for the last
decades, and from a study from Sumeg, Hungary that showed an
incidence of 2.9/100 000/year [3–5]. These studies suffer from

Table 3: Multivariate predictors of mortality

OR 95% CI

Death <24 h
Female sex 4.26 1.09–20.14
Operation performed 0.34 0.08–1.32
Hypotension 4.87 1.28–20.88
Malperfusion syndrome 3.91 0.98–16.96

30-Day mortality rate
Female sex 4.10 1.47–12.20
Chronic renal insufficiency 11.94 1.87–110.36
Operation performed 0.46 0.15–1.31
Family history of dissection 2.95 1.02–9.32
Hypotension 3.90 1.32–12.52
Malperfusion syndrome 3.68 1.22–12.07

HR 95% CI

Long-term mortality rate
Age 1.04 1.01–1.08
Family history of dissection 1.55 0.86–2.79
Operation performed 0.48 0.25–0.94
Hypotension 2.53 1.32–4.85
Malperfusion syndrome 1.80 0.97–3.35

Independent predictors of short-term mortality rate (<24 h or 30-day
mortality rate) were determined with the stepwise-selected
multivariate logistic regression model. Independent predictors of
long-term survival rate were determined with the stepwise-selected
Cox regression model. OR and HR from the final model.
OR: odds ratio; HR: hazard ratio; CI: confidence interval.

Figure 4: Kaplan–Meier estimates of survival of patients with acute thoracic
aortic dissection in different periods. Hazard ratio (HR) by Cox regression, cal-
endar period 1992–1999 as baseline, for 1999–2006: 0.92, 95% CI: 0.55–1.54,
P = 0.761; 2007–2013: 0.52, 95% CI: 0.29–0.94, P = 0.03.
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relatively small populations or cohorts containing fewer than
100 000 individuals, whereas the mean size of the Icelandic popu-
lation during the study period was �290 000 inhabitants [11]. The
only larger population-based study on ATAD incidence comes
from the National Health Insurance Database in Taiwan where inci-
dence was reported as 4.3/100 000/year; however, that study
included only hospital admissions and was limited by possible mis-
coding [8].

We feel confident that we included practically all admissions and
hospital deaths due to ATAD. Whether we captured all deaths due
to dissection that occurred outside of hospital settings, however, is
more difficult to determine. According to Icelandic law, it is manda-
tory to perform an autopsy on individuals who die without an
obvious cause of death. In an attempt to minimize missed index
cases of out-of-hospital deaths, we queried all forensic and hospital
autopsies performed in Iceland during the study period. Similar to
that of many other Western countries, the total autopsy rate in
Iceland steadily declined during the study period, or from 24.0% in
1992 to 9.2% in 2013 (averaging 15.4%) [13]. This was primarily due
to a decline in autopsies performed in hospital where the rate
dropped from 16.5% in 1992 to 2.5% in 2013, whereas the rate of
forensic autopsies remained stable at �8.5 ± 1.6%. The current
autopsy rate in Iceland is similar to that in the United States (8.5%),
whereas rates in Western European countries range from 3 to 34%
[14–18].

Hypertension was present in 57.5% of patients and is the
primary established treatable risk factor for ATAD [7, 9]. Smoking
has not been defined as a strong risk factor like hypertension, but
smoking rates are consistently higher in ATAD patients than in
controls [9]. History of smoking was 62.0%, whereas in the
Icelandic population, it was 52.7% during the study period [19].
Over the last decades, Iceland has observed significant improve-
ment in blood pressure control and smoking cessation. In men
aged 45–65 years, blood pressure decreased from mean systolic
blood pressures of 140 mmHg in 1967 to 127 mmHg in 2007 [20].
Similarly, rates of active smoking in Iceland have decreased from
33.2% in 1994 to 16.8% in 2013 [19]. Modulation of these and
other risk factors such as cholesterol levels and physical inactivity
is believed to explain most of the decline in coronary artery
disease mortality observed in Iceland over the last three decades
[21]. Risk profiles for patients with coronary artery disease are not
dissimilar to those of patients with ATAD. Improved blood pres-
sure control and smoking cessation could explain the observed re-
duction in incidence of ATAD in the group aged 65 and over;
however, we did not see a reduction in ATAD rates in the younger
or in the overall group. It is possible that other uncontrolled or
unknown cumulative factors could have counteracted the benefi-
cial effects of improved blood pressure control and smoking ces-
sation in the younger group or that a certain lag time is required
to observe positive effects.

Time interval data for admission and mortality provide interest-
ing information on mortality rates before patients reach the hos-
pital as well as mortality rates in the first few hours after arriving to
the hospital. Of the patients who arrived alive to a hospital, 10.3%
died within 6 h and 21.4% within 24 h. This is similar to what was
observed by Anagnopoulos et al. [1] over four decades ago, where
the mortality rate for type A dissection was estimated to be 1%
per hour. Contrary to what one might expect, death prior to hos-
pital arrival or within 6 and 24 h of admission did not change over
the course of the study, indicating that advancement in diagnostic
technology and urgent medical care has had minimal effects on
the mortality rates of patients with ATAD in the first 24 h [22]. This

was especially true for type A dissection where combined death
prior to hospital and <24-h mortality reached nearly 50%. The
urgent medical care system in Reykjavik, where two-thirds of the
Icelandic population resides, has an average ambulance response
time of 6.3 min and Landspitali University Hospital, where all
surgery for ATAD in Iceland is performed, can be reached exped-
itiously [23]. Most patients therefore arrive early in the disease
process, some seriously ill, as reflected in 56.9% rates of patients
with hypotension on arrival and fairly high portion of type A
patients who died en route to the operating room. These unique
conditions in Reykjavik give insight into the early ATAD disease
process but might not be applicable to other countries where dis-
tance and transport time to a specialized hospital could be longer.
Referral to a hospital with extensive experience in treating ATAD
should not be underestimated since both higher volume and
surgeon experience are strongly associated with improved surgical
outcomes, but these factors will obviously not capture the very
early deaths due to ATAD [24].
Both short- and long-term outcomes improved over the course

of the study, especially for the period 2007–2013. The reason
probably resides in more aggressive treatment of type A dissection
but also in changes in the management strategies for type B dis-
section. In the first and second thirds of the study, only 40% of
patients with type A dissection underwent an operation. This pro-
portion increased significantly in the last third, where 76% of type
A patients underwent surgery. The 30-day mortality rate for type
A dissection was high, which correlates with the very unstable pre-
operative condition of the patients. This is at least partially due to
the low yearly volume of operations for ATAD at Landspitali
University Hospital, but mortality rate was comparable with that of
both the International Registry of Acute Aortic Dissection (IRAD)
and Medicare [12, 25, 26]. The 30-day mortality rate did not
change significantly during the study period, but since more
patients underwent an operation, the overall number of patients
who survived increased. Operations for type B dissection were
performed in 26% of cases, which also is in line with the IRAD
registry [27]. The overall outcome for type B dissection improved
significantly during the study period, probably due to the change
in operative methods from open to endovascular repair. This
finding supports the impression that outcomes of type B dissec-
tions are improving, changing from 20 to 40% mortality risk for
open operations, to much lower mortality rates of 4–20% asso-
ciated with endovascular repair [27–29].
The main strengths of this study include a well-defined study

population of a whole nation that has a modern single-payer
nationalized healthcare system. We had access to centralized hos-
pital and autopsy databases from the whole country, together
with detailed patient records and complete survival follow-up in-
formation. The primary limitation of the study resides in its small
number of index cases of ATAD in a relatively small population.
Still this is the second largest population-based study reported in
the literature. The Icelandic population is quite homogeneous,
and the relatively low incidence of ATAD observed in our study
might be a reflection of unidentified genetic and/or environmen-
tal factors.
In conclusion, ATAD is an uncommon condition with an inci-

dence of 2.53/100 000/year. The incidence of ATAD remained
constant for over two decades in Iceland, contradicting recent
reports indicating that the incidence of ATAD is rising. The propor-
tion of patients undergoing operation for ATAD has, however,
increased. One out of every five patients died prior to hospital
arrival, one in three within 24 h from the index event and over
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half of all patients died within 30 days of ATAD. Patients with type
A dissection were treated more aggressively, and the therapeutic
strategy for type B dissection changed from open to endovascular
therapy. This change was associated with a reduction in the
30-day mortality rate and improvement in the long-term survival
rate, demonstrating that the overall outcome of this complex con-
dition is improving.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at EJCTS online.
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