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Background-—Population-based data about the incidence and mortality of patients with aortic dissections (ADs) are sparse.
Therefore, the hospital incidence and in-hospital mortality of patients undergoing open or endovascular surgery for type A ADs
(TAADs) and type B ADs (TBADs) in Germany were analyzed on a nationwide basis between 2006 and 2014.

Methods and Results-—A secondary data analysis of the nationwide diagnosis-related group statistics, compiled by the German
Federal Statistical Office, was performed for patients who were surgically/interventionally treated for AD (International
Classification of Diseases, Tenth Revision, German Modification [ICD-10-GM] codes I71.00-I71.07; n=20 533). By using specific
procedure codes, a distinction between TAAD (n=14 911/72.6%) and TBAD (n=5622/27.4%) could be made. The standardized
hospital incidence of surgically/interventionally treated AD was 2.7/100 000 per year, comprising 2.0/100 000 per year for
TAAD and 0.7/100 000 per year for TBAD. The in-hospital mortality of TAAD was 19.5%; and of TBAD, 9.3%. Both the incidence
and in-hospital mortality increased over the 9-year period. The share of endovascularly treated TBAD increased steadily during the
same time interval. A multilevel multivariable analysis revealed that, for TAAD, age and comorbidity were significantly associated
with a higher mortality risk.The latter was also true for TBAD. Sex was not significantly associated with mortality. A significant
association between higher annual center volume and mortality was found for TAAD, but not for TBAD.

Conclusions-—This is the first report on hospital incidence and mortality for surgically/interventionally treated AD on a nationwide
basis. Overall, in Germany, hospital incidence and mortality of TAAD and TBAD increased over time. In addition, TAAD is performed
more safely in high-volume centers. ( J Am Heart Assoc. 2019;8:e011402. DOI: 10.1161/JAHA.118.011402.)
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type B aortic dissection

A n aortic dissection (AD) is a tearing of the intima with
consecutive bleeding into the media of the aortic wall.

This creates a membrane that divides the aorta into a true and
a false lumen. According to the Stanford classification, ADs

are classified as type A (TAAD; entry tear in the region of the
ascending aorta) and type B (TBAD; entry tear distal to the left
subclavian artery).1,2 TAAD is a life-threatening emergency,
which requires immediate cardiac surgical treatment. Most
TBADs can be treated conservatively by controlling risk
factors, such as hypertension, as well as by close surveillance.
Indications for surgery are complications, such as aortic
rupture, malperfusion, and secondary expansion with aneur-
ysm formation.3 Recently, surgical treatment of uncompli-
cated TBAD has been discussed to be beneficial in terms of
prevention of later complications.4

Population-based data about the incidence and mortality of
patients requiring surgery for AD are sparse. Published
estimations of incidence vary greatly (between 2.3 and 15/
100 000 per year),5–12 and the overall in-hospital mortality
varies between 10% and 39%.8,11,13–15 In addition, the latter
results are based mainly on registry data from high-volume
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centers (eg, the International Registry of Acute Aortic
Dissections)13 or are the result of population-based studies
limited to small regions.5–9,11,12 To date, the 2 largest studies
were both based on an administrative data set that did not

cover all treated patients. Thus, the study of Wang et al,
which analyzed the data of the National Inpatient Sample
database, covers only 20% of patients treated in the United
States.15 Furthermore, the study conducted by Mody et al
was based on the Medicare database, which only includes
patients aged >65 years.10

In summary, to date, no nationwide analysis including all
treated patients within one country has been performed.
Therefore, the aim of this analysis was to evaluate the hospital
incidence and in-hospital mortality of patients surgically/
interventionally treated for AD in Germany (whole system
perspective using electronic health records16).

Methods

Data Source
Using German hospital episode data, all patients treated for AD
(International Classification of Diseases, Tenth Revision, German
Modification [ICD-10-GM] codes I71.00-I71.07) between Jan-
uary 1, 2006, and December 31, 2014, were included.

The applied methods have been described in detail previ-
ously.17–24 In summary, anonymous data of all patients treated
in German hospitals are required by law to be reported to the
Institute for the Hospital Remuneration System (“Institut fuer
das Entgeltsystem im Krankenhaus”). These data are then
transmitted in accordance with §21 Hospital Reimbursement
Act (“Krankenhausentgeldgesetz”) to the German Federal

Figure 1. Patient flow diagram. AD indicates aortic dissection; ICD, International Classification
of Diseases, Tenth Revision; PD, principal diagnosis, SD, secondary diagnosis.

Clinical Perspective

What Is New?

• To the best of our knowledge, this is the first nationwide
analysis on the hospital incidence and in-hospital mortality
of aortic dissections, which shows that the incidence and in-
hospital mortality increased over time.

• The emerging endovascular technique significantly lowered
the operative risk for patients with type B aortic dissections.

• In addition, an inverse association between center volume
and mortality in the treatment of aortic dissection could be
shown.

What Are the Clinical Implications?

• The results of the study facilitate overall understanding of
the epidemiological characteristics of this rare disease.

• From the system perspective, these data may imply that
centralization of surgery for aortic dissections might con-
tribute to lower mortality rates and, therefore, may
contribute to health policy discussions on structural
changes to the healthcare system, such as centralization
of cardiovascular services.
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Statistical Office. As documentation of every inpatient episode
is mandatory, this study can be considered complete on a
nationwide basis (excluding military and psychiatric services).
The validity of the data is monitored by the medical service
(“Medizinischer Dienst der Krankenkassen”) of the statutory
health insurance companies, which checks the recorded
hospital episodes for correctness as part of the financial
auditing process. This secondary data analysis was performed
in accordance with the Good Practice of Secondary Data
Analysis and Reporting of Studies Conducted Using Observa-
tional Routinely Collected Health Data guidelines25 adapted to
the German healthcare system. Data are stored on German
Federal Statistical Office servers and could only be accessed
through so-called controlled remote data processing using SAS
scripts. Individual patient data were not directly available to the
authors because of the data-protection law.

Because of the sensitive nature of the data collected for
this study, requests to access the primary data set from
qualified researchers trained in human subject confidentiality
protocols may be sent to the German Federal Statistical
Office (at https://www.forschungsdatenzentrum.de/de/bed
ingungen) and can be used for secondary data analyses,
according to the conditions defined there.

This study conforms to the Declaration of Helsinki and has
been approved by the Ethics Committee of the Medical
Faculty of the Technical University of Munich (Munich,
Germany; reference No. 21/16S). Informed consent was not
required. Fulfilment of data protection regulations was
controlled by the Research Data Center. The study was not
funded by any external sponsor.

Case Selection and Definition of TAAD and TBAD
A hospital episode covered the period from admission until
discharge of a patient. All cases with a principal or secondary
diagnosis of AD (ICD-10-GM codes I71.00-I71.07) were
included, combined with specific procedure codes (according
to the German Procedure Classification system) for the
treatment of ADs (Table S1).

As reported in numerous publications, a proper distinction
between TAAD and TBAD could bemade by use of ICD codes for
AD in combination with the specific procedure codes.10,14,26 If
the diagnosis (ICD-10) indicates TBAD but treatment codes
were specific for TAAD, the patient was classified as having
TAAD. If a case had both types of procedure codes, it was also
considered as TAAD.

Cases with unknown sex and those with unknown or
foreign residence were excluded because standardization
would otherwise not be possible. Cases with diagnosis codes
for AD, but without the above-mentioned specific procedure
codes, were excluded. This was done to avoid double counting
(eg, if a patient first received conservative treatment but was

then repeatedly admitted to the hospital [resulting in a new
administrative case] because of recurrent symptoms and
finally underwent surgery [n=38 013; Figure 1]). Because
patients cannot be individually identified because of German
data protection laws, it was not possible to define whether a
single patient had received multiple hospitalizations for
surgical treatment of AD. Nevertheless, the number of those
cases was considered negligible.

Case Characteristics and Demographics
Patient data included sex, age, case mix index, type of
admission (with referral, without referral, or transferred from
another hospital), and type of treatment (for TAAD: open repair;
for TBAD: open, endovascular, and hybrid repair). Comorbidities
(hypertension, chronic pulmonary disease, diabetes mellitus,
chronic kidney disease, cancer, and obesity) were evaluated
using codes defined in the Elixhauser Comorbidity Score for
primary or secondary diagnosis.27,28 Chronic ischemic heart
disease, chronic heart failure, cerebrovascular disease, and

Table 1. Characteristics of All Cases Admitted With AD

Characteristics TAAD TBAD

No. (%) 14 911 (72.6) 5622 (27.4)

Raw incidence (per 100 000) 2.1 (1.1–2.2) 0.7 (0.6–1.0)

Standardized incidence* 2.0 (1.8–2.1) 0.7 (0.6–0.9)

Age, y 64 (53–73) 66 (56–74)

Sex (male), n (%) 9685 (65.0) 4008 (71.3)

Elixhauser Comorbidity Score 9 (4–15) 5 (2–11)

Comorbidities, n (%)

Chronic ischemic heart disease 3343 (22.4) 1118 (19.9)

Chronic heart failure 3179 (21.3) 564 (10.0)

Cerebrovascular disease 2689 (18) 501 (8.9)

Hypertension 9739 (65.3) 4368 (77.7)

Chronic pulmonary disease 1356 (9.1) 709 (12.6)

Diabetes mellitus 1428 (9.6) 640 (11.4)

Chronic kidney disease 2871 (19.3) 1146 (20.4)

Cancer 150 (1) 135 (2.4)

Obesity 1942 (13) 593 (10.5)

Marfan syndrome 311 (2.1) 79 (1.4)

Type of admission, n (%)

Admission with referral 3093 (20.7) 2205 (39.2)

Admission without referral 5364 (36) 1997 (35.5)

Transferred from another hospital 6454 (43.3) 1420 (25.3)

If not stated otherwise, continuous data are given as median (first-third quartile). AD
indicates aortic dissection; TAAD, type A AD; TBAD, type B AD.
*Standardized for age and sex using European Standard Population 2013.
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Marfan syndrome were queried separately as they are not used
in the Elixhauser Comorbidity Score (Table S1).

Primary and Secondary Outcomes
The primary outcomes of this study were hospital incidence
and in-hospital mortality of patients who received operative
treatment for TAAD or TBAD. Secondary outcomes included
treatment modalities, change in treatment strategies over
time, and characterization of perioperative management.

Statistical Analysis
Categorical variables were reported as absolute numbers and
percentages. Continuous, nonnormally distributed variables
were shown as the median with first and third quartiles. For
comparability with international studies as well as to reflect
changes in age and sex, incidence rates were directly
standardized using the “European Standard Population 2013.”
For trend analysis, the Mann-Kendall trend test (incidence) and
v2 test for trend in proportions (mortality) were used. To test

Figure 2. Change of comorbidities represented by the Elixhauser Comorbidity Score of type A and type B aortic
dissections (ADs) over the years (2006–2014).

Figure 3. Change of age of type A and type B aortic dissections (ADs) over the years (2006–2014).
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whether age or comorbidity burden (Elixhauser Comorbidity
Score) of the patients has changed over the years, the following
tests were used: Augmented Dickey–Fuller Test and a differ-
ence sign test.29 A multilevel logistic regression model with
random effects was applied, adjusting for age, sex, comor-
bidities (modified Elixhauser Comorbidity Score),27,28 type of
admission (referral, not referred, and transferred from other
hospital), type of procedure (endovascular repair and open
repair), and clustering of patients in centers enhanced by a
temporal first-order autoregressive covariance structure
within a center. For analysis of the association between the
number of cases treated per year in a hospital (center
volume) and the in-hospital mortality (volume-outcome
effect), each year hospitals have been grouped by a k-means
clustering algorithm into low-, medium-, and high-volume
facilities subject to their annual AD procedures (volume used
as an ordinal variable).30,31 The clustering algorithm used
annual center volume as a separating variable. This was done
to avoid arbitrary categorization and to arrange homogeneous
clusters based on the data. In addition, a multivariable
regression model has been used to analyze the continuous
volume-outcome effect while adjusting for sex, age, comor-
bidities, and type of treatment (volume used as a metric

variable). SAS software, version 9.2 (Microsoft Windows,
©2015; SAS Institute Inc, Cary, NC) was used for controlled
remote data processing and statistical analysis. Graphical
processing was performed using Microsoft Excel (Redmond,
WA) and R, version 3.4.1 (The R Foundation, http://www.r-
project.org). A 2-tailed level of significance of a=0.05 was
used for all statistical tests.

Results

Patient Characteristics
Between 2006 and 2014, 20 533 patients (median age,
65 years; quartile 1–quartile 3, 53–73 years) underwent
surgery for AD in Germany. Of these patients, 14 911
(72.6%) had TAAD and 5622 (27.4%) had TBAD (Figure 1).
Table 1 provides details on patient characteristics. Patients
with TAAD were a median age of 64 years (quartile 1–quartile
3, 53–73 years). Patients with TBAD were, on average,
2 years older, and were a median age of 66 years (quartile
1–quartile 3, 56–74 years). The proportion of men was
greater in the TBAD than in the TAAD group (71.3% versus
65.0%). Patients with TBAD more often experienced

Figure 4. Hospital incidence of type A and type B aortic dissections over the years
(2006–2014), standardized per 100 000 inhabitants. Whiskers are 95% CI of
incidence/mortality; 95% confidence band refers to LOESS curve.
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hypertension (77.7% versus 65.3%), chronic kidney disease
(20.4% versus 19.3%), and chronic pulmonary disease (12.6%
versus 9.1%). On the other hand, chronic ischemic heart
disease (22.4% versus 19.9%), chronic heart failure (21.3%
versus 10.0%), cerebrovascular disease (18% versus 8.9%),
and Marfan syndrome (2.1% versus 1.4%) were more frequent
in patients with TAAD. Between 2006 and 2014, age and
comorbidity burden increased slightly over time, but there
was no significant upwards trend (Figures 2 and 3).

Hospital Incidence
The median overall hospital incidence of patients treated for
any type of AD over the 9-year period was 2.8/100 000 per
year. The incidence of TAAD was 2.1/100 000 per year, and
that of TBAD 0.7/100 000 per year. After direct standard-
ization, the incidence for all AD was 2.7/100 000 per year,
comprising 2.0/100 000 per year (quartile 1–quartile 3, 1.8–
2.0/100 000 per year) for TAAD and 0.7/100 000 per year

(quartile 1–quartile 3, 0.6–1.0/100 000 per year) for TBAD
(Table 1 and Figure 4).

Over the 9-year period, the standardized incidence of both
TAAD and TBAD increased significantly (P<0.001; Mann-
Kendall test). In 2006, the incidences for TAAD and for TBAD
were 1.6 and 0.5/100 000 per year, respectively, whereas in
2014, they increased to 2.4 and 1.1/100 000 per year,
respectively (Figure 4).

Treatment
Patients with TAAD mainly underwent open repair (94.3%),
and in 5.7% of these cases, they received hybrid repair.
Patients with TBAD were treated endovascularly in 92.3%, by
open repair in 6.4%, and with hybrid repair in 1.3% (Table 2).
In TBAD, a constant increase in the proportion of endovas-
cular repair procedures could be observed over the years.
When also considering the number of cases treated with a
hybrid procedure, the proportion of endovascularly treated
patients increased from 88.5% in 2006 to 96.9% in 2014,
which was significant within a trend analysis (P<0.001)
(Figure 5).

The median length of hospital stay was 14 days for
surgically/interventionally treated TAAD and 13 days for
TBAD. Of patients with TAAD, 69.4% were surgically treated
with the assistance of an extracorporeal machine, which
provided prolonged cardiac and respiratory support (heart-
lung machine or extracorporeal membrane oxygenation).
Prolonged postoperative ventilation was required in 70.1%
of cases treated for TAAD and in 27.9% of cases treated for
TBAD. In 11.8% of TAAD cases and 60.2% of TBAD cases,
there was no documented code that indicates transfusion of
red blood cells (Table 2). At least 10.7% of patients with TAAD
and 5.1% of patients with TBAD required cardiopulmonary
resuscitation. Acute paraplegia was documented in 12% of
TAAD cases and 6.7% of TBAD cases. Postoperative dialysis
was recorded in almost a quarter (24.6%) of patients with
TAAD and in 8.2% of patients with TBAD (Table 3).

Morbidity and Mortality
The overall in-hospital mortality for all types of AD was 16.7%,
comprising 19.5% for TAAD and 9.3% for TBAD. In TBAD, the
in-hospital mortality of patients receiving open repair was
34.3%, whereas the figure was 7.6% in patients receiving
endovascular repair (Table 3). Characteristics of survivors
versus nonsurvivors among those with TAAD and TBAD are
given in Tables 4 and 5, respectively. Trend analysis of the
age- and sex-standardized mortality showed a significant
increase in mortality of TAAD over time (P=0.031), whereas
no significant trend was apparent in TBAD (TBAD, P=0.241;
open/hybrid repair, P=0.871; endovascular repair, P=0.267;

Table 2. Procedures and Management

Variable TAAD (n=14 911) TBAD (n=5622)

Type of surgical treatment

Open repair 14 054 (94.3) 359 (6.4)

Endovascular NA 5188 (92.3)

Hybrid repair 857 (5.7) 75 (1.3)

Perioperative management

Monitoring of evoked potentials 157 (1.1) 81 (1.4)

Spinal catheter use 108 (0.7) 220 (3.9)

Heart-lung machine use 9916 (66.5) 27 (0.5)

Extracorporeal membrane
oxygenation use

433 (2.9) 14 (0.2)

Ventilation 10 454 (70.1) 1569 (27.9)

Duration of ventilation, h 51 (10–175) 0 (0–25)

Length of hospital stay, d 14 (9–22) 13 (8–22)

Cell-saver auto (re-)transfusion 3404 (22.8) 247 (4.4)

Cardiopulmonary resuscitation 1591 (10.7) 285 (5.1)

pRBC transfusion

1–5 pRBCs 4597 (30.8) 1237 (22)

>5 pRBCs 8556 (57.4) 1002 (17.8)

No pRBC transfusion 1758 (11.8) 3383 (60.2)

PC transfusion

1–5 PCs 9141 (61.3) 392 (7)

>5 PCs 2179 (14.6) 125 (2.2)

No PC transfusion 3591 (24.1) 5105 (90.8)

Data are given as number (percentage) or median (first-third quartile). NA indicates not
applicable; PC, platelet concentrate; pRBC, packed red blood cell; TAAD, type A aortic
dissection; TBAD, type B aortic dissection.
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Figure 6). Most patients with TAAD (33.3%) were transferred
to another hospital after treatment, followed by 25.6% who
were discharged to rehabilitation. Most patients with TBAD
had a regular discharge home (66.5%; Table 3).

The multilevel multivariable analysis revealed that age
(odds ratio, 1.14; 95% CI, 1.11–1.16; P<0.001; per 5-year
increase) and Elixhauser Comorbidity Score (odds ratio, 1.03;
95% CI, 1.02–1.04; P<0.001; per 1 scoring point of the
Elixhauser Comorbidity Score) were associated with higher in-
hospital mortality in TAAD. In TBAD, higher mortality was
significantly associated with the Elixhauser Comorbidity Score
(odds ratio, 1.08; 95% CI, 1.07–1.10; P<0.001). Patients
treated endovascularly had a significantly lower risk of in-
hospital death (odds ratio, 0.24; 95% CI, 0.18–0.32; P<0.001).
In neither type of AD was mortality significantly associated
with sex (male versus female; Figure 7).

Distribution of Center Volume and
Volume-Outcome Association
From 2006 to 2014, the relative number of low-volume
centers decreased (Figure 8). For example, in 2006, �65% of
hospitals operated ≤20 TAAD cases, whereas in 2014, this
share decreased to 44%. In TAAD, volume distribution shifted
from a right-skewed distribution in 2006 toward a 2-peaked
distribution comprising also higher maximum values in 2014.

For volume-outcome effects in TAAD, the in-hospital mortality
decreased with increasing annual center volumes and was
22%, 19%, and 17% in low-, middle-, and high-volume centers,
respectively (Table 6). In TBAD, these figures were 11%, 9%,
and 7%, respectively. After adjustment for age, sex, Elixhauser
Comorbidity Score, and technique of operation (the latter only
for TBAD), the inverse association between higher annual case
volume and lower in-hospital mortality was statistically
significant in TAAD (P<0.001), but not in TBAD (P=0.130).

Discussion
Comprising 20 533 cases, this study is the largest population-
based analysis of surgically/interventionally treated ADs
using a statutory nationwide database. It showed that the
standardized hospital incidence was 2.0/100 000 per year
for TAAD and 0.7/100 000 per year for TBAD. For both
entities, the hospital incidence increased over time. Further-
more, the share of low-volume hospitals decreased from 2006
to 2014, which may be indicative for increasing centralization
of vascular services, especially for TAAD. For the latter, in
contrast to TBAD, there was a significant inverse relationship
between higher-center volume and lower in-hospital mortality.
Besides center volume, this study reveals that age and
comorbidity burden, but not sex, are independent risk factors
for in-hospital mortality.

Figure 5. Surgical treatment of patients with type B aortic dissection (TBAD): Proportion of
cases treated by open repair, hybrid repair, and endovascular therapy from 2006 to 2014.
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Incidence
The overall standardized hospital incidence of surgically/
interventionally treated AD of 2.7/100 000 per year seems
rather low when compared with previously reported inci-
dences for AD, which were between 2.3 and 15/100 000 per
year.5–12 Zimmerman et al noted that for the National
Inpatient Sample database, which uses deidentified adminis-
trative data similar to the diagnosis-related group database,
the risk of multiple counting of admissions is increased if
conservatively treated cases are included.14 For these cases,
multiple hospitalizations, especially in those with TBAD, are
not uncommon (eg, if patients experience recurrent pain
episodes). For patients who have been admitted for surgery,
the risk of double counting was considered negligible, as
patients usually receive major repair of the same aortic
segment only once. Therefore, it might be that the hospital
incidence of AD reported in previous studies, which included a
large group of cases that had been treated conservatively,
was too high because of multiple counting. As this study
excluded all cases without procedure codes specific for
TAAD/TBAD repair, the reported hospital incidence only
considers surgically/interventionally treated patients. Thus,
double counting is considered less likely.

Over the study period, the hospital incidence of both
types of surgically/interventionally treated AD increased

significantly. This was also observed in a previous study in
the United States, with an increase from 2.7 to 4.1/100 000
per year (1.26/100 000 per 5 years),6 and predicted for the
future in the United Kingdom by Howard et al because of
demographic changes, with patients becoming increasingly
older.9 Further reasons for the observed increase in the
hospital incidence may be that more dissections can be
diagnosed by the increasing availability of imaging techniques.
In addition, the increased use of endovascular therapy also
permits less invasive treatment of patients who were
previously considered unfit for surgery. Another reason could
be that more uncomplicated TBADs are treated endovascu-
larly, which could be a consequence of the findings of the
INSTEAD XL (Investigation of Stent Grafts in Patients with
Type B Aortic Dissection) trial.4 The latter led to the
recommendation in the European guidelines that an interven-
tion should be considered in uncomplicated TBAD.3

In-Hospital Mortality
The in-hospital mortality for TAAD was �20%; and for TBAD,
�9%. This was within the range of smaller studies, which
reported mortality rates for TAAD of 17.9% to 21.1% and for
TBAD of 7.9% to 26.9%.8,14 In both types of AD, mortality
increased over the 9-year period despite improved diagnosis
and perioperative therapy. In a trend analysis, even a
significant increase in TAAD was noted. One reason could be
that more and more higher-risk patients were treated,
especially patients with TAAD. The latter hypothesis is
underpinned by the finding that the Elixhauser Comorbidity
Score increased over the years (Figure 2) and that the
Elixhauser Comorbidity Score was associated with higher
mortality risk. In addition, it could be shown in a comparison
of survivors versus nonsurvivors for both types of AD
(Tables 4 and 5) that nonsurvivors were significantly older (5
years in TAAD and 4 years in TBAD); experienced more
comorbidities, especially from cardiovascular disease
(chronic heart failure and cerebrovascular disease); and
had more postoperative complications. No statistically
significant difference in age over the years was observed
(Figure 3).

Other reasons for the increase in mortality are specula-
tive. It is known that the turn-down rate of patients who did
not receive any kind of surgical treatment in TAAD was 28%
in 2000 in the International Registry of Acute Aortic
Dissections,32 and declined to 11% in 2015.13 The fact that
surgery was offered to patients who were previously denied
could possibly be one of the reasons for the significant
increase in TAAD mortality. In the case of TBAD, although an
increase of the in-hospital mortality was apparent, this was
not significant. This could be because of the increased use
of endovascular therapy, which was also associated with

Table 3. Outcome Overview

Variable
TAAD
(N=14 911)

TBAD
(N=5622)

In-hospital mortality overall 2913 (19.5) 522 (9.3)

Perioperative complications

Acute/recurrent myocardial infarction 541 (3.6) 104 (1.8)

Acute paraplegia/spinal infarction 1787 (12) 375 (6.7)

Stroke 156 (1.0) 16 (0.3)

Acute limb ischemia 368 (2.5) 320 (5.7)

Major limb amputation 17 (0.1) 19 (0.3)

Acute mesenteric infarction 321 (2.2) 170 (3.0)

Acute renal artery infarction 160 (1.1) 118 (2.1)

Dialysis, hemofiltration 3664 (24.6) 462 (8.2)

Bowel resection 146 (1.0) 117 (2.1)

Type of discharge

Regular discharge 3113 (20.9) 3741 (66.5)

Discharge against medical advice 39 (0.3) 42 (0.7)

Rehabilitation 3818 (25.6) 479 (8.5)

Other hospital 4958 (33.3) 783 (13.9)

Other discharge reason 70 (0.5) 55 (1)

Data are given as number (percentage). TAAD indicates type A aortic dissection; TBAD,
type B aortic dissection.
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Table 4. Survivors Versus Nonsurvivors Among Those With TAAD (n=14 911)

Variable Survivors (n=11 998) Nonsurvivors (n=2913) P Value

Age, y 63 (52–72) 68 (57–75) <0.001

Sex (male) 7848 (65.4) 1837 (63.1) 0.0181

Elixhauser Comorbidity Score 9 (4–15) 10 (5–17) <0.001

Case mix index 7.2 (5.9–10.9) 8.2 (6.6–12.2) <0.001

Length of hospital stay, d 15 (11–24) 3 (1–11) <0.001

Coded comorbidities

Chronic ischemic heart disease 2463 (20.5) 880 (30.2) <0.001

Chronic heart failure 2229 (18.6) 950 (32.6) <0.001

Cerebrovascular disease 2033 (16.9) 656 (22.5) <0.001

Hypertension 8208 (68.4) 1531 (52.6) <0.001

Chronic pulmonary disease 1108 (9.2) 248 (8.5) 0.239

Diabetes mellitus 1138 (9.5) 290 (10.0) 0.460

Chronic kidney disease 2307 (19.2) 564 (19.4) 0.891

Cancer 116 (1.0) 34 (1.2) 0.385

Obesity 1570 (13.1) 372 (12.8) 0.673

Marfan syndrome 277 (2.3) 34 (1.2) <0.001

Type of surgical treatment

Open repair 11 331 (94.4) 2723 (93.5) 0.050

Hybrid repair 667 (5.6) 190 (6.5)

Perioperative management

Monitoring of evoked potentials 129 (1.1) 28 (1.0) 0.660

Spinal catheter use 93 (0.8) 15 (0.5) 0.173

Heart-lung machine use 7963 (66.4) 1953 (67.0) 0.503

Extracorporeal membrane oxygenation use 84 (0.7) 349 (12.0) <0.001

Ventilation 8452 (70.4) 2002 (68.7) 0.073

Duration of ventilation, h 79 (32–228) 95 (39–265) <0.001

pRBC transfusion

1–5 pRBCs 4144 (34.5) 453 (15.6) <0.001

>5 pRBCs 6375 (53.1) 2181 (74.9)

No pRBC transfusion 1479 (12.3) 279 (9.6)

PC transfusion

1–5 PCs 7742 (64.5) 1399 (48.0) <0.001

>5 PCs 1445 (12.0) 734 (25.2)

No PC transfusion 2811 (23.4) 780 (26.8)

Cell-saver auto (re-)transfusion 2769 (23.1) 635 (21.8) 0.147

Cardiopulmonary resuscitation 670 (5.6) 921 (31.6) <0.001

Coded perioperative complications

Acute/recurrent myocardial infarction 290 (2.4) 251 (8.6) <0.001

Acute paraplegia/spinal infarction 88 (0.7) 4 (0.1) <0.001

Acute limb ischemia 259 (2.2) 109 (3.7) <0.001

Major limb amputation 12 (0.1) 5 (0.2) 0.471

Acute mesenteric infarction 119 (1.0) 202 (6.9) <0.001

Acute renal artery infarction 107 (0.9) 53 (1.8) <0.001

Dialysis, hemofiltration 2366 (19.7) 1298 (44.6) <0.001

Bowel resection 72 (0.6) 74 (2.5) <0.001

Data are given as number (percentage) or median (first-third quartile). PC indicates platelet concentrate; pRBC, packed red blood cell; TAAD, type A aortic dissection.

DOI: 10.1161/JAHA.118.011402 Journal of the American Heart Association 9

Incidence and Mortality of Aortic Dissections Reutersberg et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Table 5. Comparison of Survivors Versus Nonsurvivors Among Those With TBAD (n=5622)

Variable Survivors (n=5100) Nonsurvivors (n=522) P Value

Age, y 66 (56–74) 70 (57–77) 0.003

Sex (male) 3640 (71.4) 368 (70.5) 0.712

Elixhauser Comorbidity Score 5 (2–10) 11 (5–18) <0.001

Case mix index 7.9 (7.0–9.5) 8.6 (7.2–13.1) <0.001

Length of hospital stay, d 14 (9–22) 7 (3–20) 0.093

Coded comorbidities

Chronic ischemic heart disease 1024 (20.1) 94 (18.0) 0.284

Chronic heart failure 479 (9.4) 85 (16.3) <0.001

Cerebrovascular disease 414 (8.1) 87 (16.7) <0.001

Hypertension 4032 (79.1) 336 (64.4) <0.001

Chronic pulmonary disease 637 (12.5) 72 (13.8) 0.433

Diabetes mellitus 578 (11.3) 62 (11.9) 0.764

Chronic kidney disease 1021 (20.0) 125 (23.9) 0.039

Cancer 113 (2.2) 22 (4.2) 0.007

Obesity 543 (10.6) 53 (10.2) 0.784

Marfan syndrome 70 (1.4) 9 (1.7) 0.649

Type of surgical treatment

Open repair 254 (5.0) 105 (20.1) <0.001

Endovascular 4789 (93.9) 399 (76.4)

Hybrid repair 57 (1.1) 18 (3.4)

Perioperative management

Monitoring of evoked potentials 73 (1.4) 8 (1.5) 1.000

Spinal catheter use 201 (3.9) 19 (3.6) 0.826

Heart-lung machine use 18 (0.4) 9 (1.7) <0.001

Extracorporeal membrane oxygenation use 6 (0.1) 235 (45.0) <0.001

Ventilation 1203 (23.6) 366 (70.1) <0.001

Duration of ventilation, h 49 (13–223) 110 (29–357) <0.001

pRBC transfusion

1–5 pRBCs 1136 (22.3) 101 (19.3) <0.001

>5 pRBCs 664 (13.0) 338 (64.8)

No pRBC transfusion 3300 (64.7) 83 (15.9)

PC transfusion

1–5 PCs 242 (4.7) 150 (28.7) <0.001

>5 PCs 66 (1.3) 59 (11.3)

No PC transfusion 4792 (94.0) 313 (60.0)

Cell-saver auto (re-)transfusion 198 (3.9) 49 (9.4) <0.001

Cardiopulmonary resuscitation 97 (1.9) 188 (36.0) <0.001

Coded perioperative complications

Acute/recurrent myocardial infarction 79 (1.5) 25 (4.8) <0.001

Acute paraplegia/spinal infarction 55 (1.1) 9 (1.7) 0.268

Acute limb ischemia 254 (5.0) 66 (12.6) <0.001

Major limb amputation 13 (0.3) 6 (1.1) 0.003

Acute mesenteric infarction 78 (1.5) 92 (17.6) <0.001

Acute renal artery infarction 94 (1.8) 24 (4.6) <0.001

Dialysis, hemofiltration 259 (5.1) 203 (38.9) <0.001

Bowel resection 59 (1.2) 58 (11.1) <0.001

Data are given as number (percentage) or median (first-third quartile). PC indicates platelet concentrate; pRBC, packed red blood cell; TBAD, type B aortic dissection.
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lower mortality in the multivariable analysis. Overall, the
increase in mortality is contrary to the studies based on the
National Inpatient Sample database14,15 as well as the
recent regional epidemiological study for the Ontario,
Canada, region, which all reported a decreasing mortality
in patients treated for AD.12 The multivariable analysis
showed that the mortality of neither type of AD was
associated with sex, as had also been shown in the
International Registry of Acute Aortic Dissections.33 How-
ever, this is in contrast to infrarenal aortic surgery having a
higher mortality among women.22

Between 2006 and 2014, the annual volume of treated
patients has increased across hospitals (Figure 8). In contrast
to TBAD, volume-outcome analysis in TAAD revealed that high
center volume was associated with low mortality (Table 6).
This volume-outcome effect is in line with findings in other
vascular pathological conditions, such as aortic aneurysms
(abdominal,21 thoracic,23 and thoracoabdominal24) or carotid

stenosis.34 Overall, these empirical findings may be consid-
ered indicative for increasing centralization of TAAD and
TBAD treatment and a significant volume-outcome effect for
TAAD.

Open surgery remains the most widely performed proce-
dure in TAAD, with the proportion of hybrid procedures
increasing. The proportion of endovascular treatments,
including hybrid procedures, is increasing steadily in TBAD,
and had already reached nearly 97% in 2014 (from 89% in
2006).

The proportion of patients with TAAD transferred to
another hospital on discharge was relatively high (33.3%). It
is impossible to say which nonaortic treatments, especially
treatment of any procedure-dependent complications, were
performed there. Furthermore, the mortality of this cohort
may be even higher, as nothing is known about whether the
patients died in the next hospital. Overall, it remains difficult
to determine the true incidence and mortality of AD,

Figure 6. Age-, sex- and risk-standardized (Elixhauser Comorbidity Score) in-hospital mortality
from 2006 to 2014 for both types of aortic dissection (A) and among type B aortic dissections
(depending on the received treatment; B). Whiskers are 95% CI of mortality; 95% confidence band
refers to LOESS curve.
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especially TAAD, because many patients die before hospital-
ization and the autopsy rate is decreasing significantly, at
least in Germany.35,36

Limitations
This study has several limitations, which are listed below:

• The data are administrative rather than clinical; thus, coding
policy could lead to biased diagnosis or procedure coding
and consequently to wrong case selection (trade-offs
between scale and depth16). Because the data were
controlled by an external institution (Medizinischer Dienst
der Krankenkassen), up coding of procedures and principal
diagnoses is considered minor. In addition, risk of down
coding (or noncoding) of procedures is considered low
because a set of documented procedures is needed for
board certification and hospital remuneration in Germany.
In summary, noncoding is counterbalanced by 2 separate
forces and up coding by external monitoring; thus,
information bias is considered low. However, underreport-
ing of secondary diagnoses or procedures may occur if they
are not relevant for reimbursement.

• Selection bias: This study only includes patients who were
admitted to the hospital (or reached the hospital alive). In
addition, because of the data protection law, there is no
nationwide unique patient identification and, thus, readmis-
sions could not be linked to earlier hospital episodes. To
avoid double (or multiple) counting, only those patients who
underwent surgery/intervention were included. Therefore,

interpretation of the presented data should consider a
possible selection bias.

• A statement about the exact timing of surgery after
symptom onset, which would be of particular interest in
TBAD (acute, subacute, or chronic), cannot be provided on
the basis of the data.

• It cannot be said how many of the surgically treated TBADs
were uncomplicated or chronic.

• Furthermore, it cannot be shown which patients did not
receive surgery because they were considered moribund.

• Because the data only cover the hospital stay, no
statements can be made about follow-up.

Conclusion
Comprising 20 533 cases, this study is the largest population-
based analysis of surgically/interventionally treated ADs
using a statutory nationwide database. It showed that the
standardized hospital incidence was 2.0/100 000 per year
for TAAD and 0.7/100 000 per year for TBAD. For both
entities, the hospital incidence increased over time. Further-
more, the share of low-volume hospitals decreased from 2006
to 2014, which may be indicative for increasing centralization
of vascular services, especially for TAAD. For the latter, in
contrast to TBAD, there was a significant inverse relationship
between higher center volume and lower in-hospital mortality.
Besides center volume, this study reveals that age and
comorbidity burden, but not sex, are independent risk factors
for in-hospital mortality.

Figure 7. Forest plot of the multivariable analysis of factors associated with in-hospital mortality of type A and type B aortic
dissections.
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Figure 8. Distribution of hospital annual case volumes from 2006 (red), 2010 (green), and 2014 (blue). *As histograms giving absolute
number of hospitals by volume were prohibited because of the data protection law, kernel-density plots were used for approximation.
°Cumulative density indicates the share of hospitals having an annual case volume equal to or less than indicated on the
x axis. For example, in 2006, �65% of hospitals operated on ≤20 type A aortic dissection cases, whereas in 2014, this share decreased
to 44%.

DOI: 10.1161/JAHA.118.011402 Journal of the American Heart Association 13

Incidence and Mortality of Aortic Dissections Reutersberg et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Sources of Funding
This work was supported by the German Research Foundation
and the Technical University of Munich in the framework of
the Open Access Publishing Program.

Disclosures
None.

References
1. Daily PO, Trueblood HW, Stinson EB, Wuerflein RD, Shumway NE. Management

of acute aortic dissections. Ann Thorac Surg. 1970;10:237–247.

2. Nienaber CA, Powell JT. Management of acute aortic syndromes. Eur Heart J.
2012;33:26–35.

3. Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD, Eggebrecht H,
Evangelista A, Falk V, Frank H, Gaemperli O, Grabenw€oger M, Haverich A, Iung
B, Manolis AJ, Meijboom F, Nienaber CA, Roffi M, Rousseau H, Sechtem U,
Sirnes PA, von Allmen RS, Vrints CJM, Zamorano JL, Achenbach S,
Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton C, Erol C�, Fagard R, Ferrari
R, Hasdai D, Hoes A, Kirchhof P, Knuuti J, Kolh P, Lancellotti P, Linhart A,
Nihoyannopoulos P, Piepoli MF, Ponikowski P, Sirnes PA, Tamargo JL, Tendera
M, Torbicki A, Wijns W, Windecker S, Nihoyannopoulos P, Tendera M, Czerny
M, Deanfield J, Mario CD, Pepi M, Taboada MJS, van Sambeek MR,
Vlachopoulos C, Zamorano JL, Grimm M, Musayev O, Pasquet A, Ku�sljugi�c
Z, Cikes M, Georghiou GP, Stasek J, Molgaard H, K~ovask S, Kyt€o V, Jondeau G,
Bakhutashvili Z, von Kodolitsch Y, Tsioufis C, Temesv�ari A, Rubinshtein R,
Antonini-Canterin F, Lunegova O, Stradins P, Chammas E, Jonkaitiene R,
Cassar A, Bjørnstad K, Widenka K, Sousa Uva M, Lighezan D, Perunicic J,
Madaric J, Vilacosta I, B€ack M, Mahdhaoui A, Demirbag R, Kravchenko I; TASK
FORCE FOR THE DIAGNOSIS AND TREATMENT OF AORTIC DISEASES OF THE EUROPEAN SOCIETY OF

CARDIOLOGY (ESC). ESC guidelines on the diagnosis and treatment of aortic
diseases: document covering acute and chronic aortic diseases of the
thoracic and abdominal aorta of the adult. Eur Heart J. 2014;2014 :2873–
2926.

4. Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders TC, Kundt G, Glass
A, Scheinert D, Czerny M, Kleinfeldt T, Zipfel B, Labrousse L, Fattori R, Ince H.
Endovascular repair of type B aortic dissection long-term results of the
randomized investigation of stent grafts in aortic dissection trial. Circ
Cardiovasc Interv. 2013;6:407–416.

5. M�esz�aros I, M�orocz J, Szl�avi J, Schmidt J, Torn�oci L, Nagy L, Sz�ep L.
Epidemiology and clinicopathology of aortic dissection. Chest. 2000;117:
1271–1278.

6. Clouse WD, Hallett JW, Schaff HV, Spittell PC, Rowland CM, Ilstrup DM, Melton
LJ. Acute aortic dissection: population-based incidence compared with
degenerative aortic aneurysm rupture. Mayo Clin Proc. 2004;79:176–180.

7. Olsson C, Thelin S, St�ahle E, Ekbom A, Granath F. Thoracic aortic aneurysm
and dissection: increasing prevalence and improved outcomes reported in a
nationwide population-based study of more than 14,000 cases from 1987 to
2002. Circulation. 2006;114:2611–2618.

8. Pacini D, Di Marco L, Fortuna D, Belotti LMB, Gabbieri D, Zussa C, Pigini F,
Contini A, Barattoni MC, De Palma R, Di Bartolomeo R. Acute aortic dissection:
epidemiology and outcomes. Int J Cardiol. 2013;167:2806–2812.

9. Howard DPJ, Banerjee A, Fairhead JF, Perkins J, Silver LE, Rothwell PM.
Population-based study of incidence and outcome of acute aortic dissection
and premorbid risk factor control clinical perspective: 10-year results from the
oxford vascular study. Circulation. 2013;127:2031–2037.

10. Mody PS, Wang Y, Geirsson A, Kim N, Desai MM, Gupta A, Dodson JA,
Krumholz HM. Trends in aortic dissection hospitalizations, interventions, and
outcomes among Medicare beneficiaries in the United States, 2000–2011.
Circ Cardiovasc Qual Outcomes. 2014;7:920–928.

11. Landenhed M, Engstr€om G, Gotts€ater A, Caulfield MP, Hedblad B, Newton-
Cheh C, Melander O, Smith JG. Risk profiles for aortic dissection and ruptured
or surgically treated aneurysms: a prospective cohort study. J Am Heart Assoc.
2015;4:e001513. DOI: 10.1161/JAHA.114.001513.

12. McClure RS, Brogly SB, Lajkosz K, Payne D, Hall SF, Johnson AP. Epidemiology
and management of thoracic aortic dissections and thoracic aortic aneurysms
in Ontario, Canada: a population-based study. J Thorac Cardiovasc Surg.
2018;155:2254–2264.e4

13. Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S, Evangelista A, Myrmel
T, Larsen M, Harris KM, Greason K, Di Eusanio M, Bossone E, Montgomery DG,
Eagle KA, Nienaber CA, Isselbacher EM, O’Gara P. Presentation, diagnosis, and
outcomes of acute aortic dissection: 17-year trends from the International
Registry of Acute Aortic Dissection. J Am Coll Cardiol. 2015;66:350–358.

14. Zimmerman KP, Oderich G, Pochettino A, Hanson KT, Habermann EB, Bower
TC, Gloviczki P, DeMartino RR. Improving mortality trends for hospitalization of
aortic dissection in the National Inpatient Sample. J Vasc Surg. 2016;64:606–
615.e1.

15. Wang GJ, Jackson BM, Foley PJ, Damrauer SM, Goodney PP, Kelz RR, Wirtalla
C, Fairman RM. National trends in admissions, repair, and mortality for
thoracic aortic aneurysm and type B dissection in the National Inpatient
Sample. J Vasc Surg. 2018;67:1649–1658.

Table 6. Volume Outcome Analyses

Type of AD Low-Volume Cluster* Medium-Volume Cluster* High-Volume Cluster* Volume-Outcome Effect (P Value)

TAAD

Hospital volume 9 (1–20) 29 (21–53) 70 (55–127) ���
No. of hospitals† 44.8 32.4 2.8 ���
No. of patients 4027 8937 1947 ���
In-hospital mortality 898 (22.3) 1694 (19.0) 321 (16.5) 0.001‡;

0.001§

TBAD

Hospital volume 2 (1–6) 10 (7–17) 22.5 (18–47) ���
No. of hospitals† 125.0 23.2 4.9 ���
No. of patients 2362 2213 1047 ���
In-hospital mortality 248 (10.5) 196 (8.9) 78 (7.4) 0.003‡;

0.130§

Data are given as number (percentage) or median (first-third quartile), unless otherwise indicated. AD indicates aortic dissection; TAAD, type A AD; TBAD, type B AD.
*Hospitals were clustered into 3 clusters according to their annual center volume. For clustering, the k-means algorithm was used. Center volume is given as median with 1% and 99%
percentiles because output of minimum and maximum was prohibited by data protection law.
†Average numbers of hospitals per year.
‡Cochran-Armitage test for trend (using raw proportions).
§Volume-outcome effect using center volume as a continuous variable entered into a multilevel multivariable regression model, adjusting for age, sex, comorbidity (using Elixhauser
Comorbidity Score), and type of therapy (only in TBAD).

DOI: 10.1161/JAHA.118.011402 Journal of the American Heart Association 14

Incidence and Mortality of Aortic Dissections Reutersberg et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

https://doi.org/10.1161/JAHA.114.001513


16. Hemingway H, Asselbergs FW, Danesh J, Dobson R, Maniadakis N, Maggioni A,
van Thiel GJM, Cronin M, Brobert G, Vardas P, Anker SD, Grobbee DE, Denaxas
S. Big data from electronic health records for early and late translational
cardiovascular research: challenges and potential. Eur Heart J. 2018;39:1481–
1495.

17. Nimptsch U, Mansk T. Deaths following cholecystectomy and herniotomy: an
analysis of nationwide German hospital discharge data from 2009 to 2013.
Dtsch Arzteblatt Int. 2015;112:535–543.

18. Nimptsch U, Krautz C, Weber GF, Mansky T, Gr€utzmann R. Nationwide in-
hospital mortality following pancreatic surgery in Germany is higher than
anticipated. Ann Surg. 2016;264:1082–1090.

19. Krautz C, Nimptsch U, Weber GF, Mansky T, Gr€utzmann R. Effect of hospital
volume on in-hospital morbidity and mortality following pancreatic surgery in
Germany. Ann Surg. 2018;267:411–417.

20. K€uhnl A, Erk A, Trenner M, Salvermoser M, Schmid V, Eckstein H-H. Incidence,
treatment and mortality in patients with abdominal aortic aneurysms. Dtsch
Arzteblatt Int. 2017;114:391–398.

21. Trenner M, Kuehnl A, Salvermoser M, Reutersberg B, Geisbuesch S, Schmid
V, Eckstein H-H. High annual hospital volume is associated with decreased
in hospital mortality and complication rates following treatment of
abdominal aortic aneurysms: secondary data analysis of the nationwide
German DRG statistics from 2005 to 2013. Eur J Vasc Endovasc Surg.
2017;55:185–194.

22. Trenner M, Kuehnl A, Reutersberg B, Salvermoser M, Eckstein H-H.
Nationwide analysis of risk factors for in-hospital mortality in patients
undergoing abdominal aortic aneurysm repair. Br J Surg. 2018;105:
379–387.

23. Geisb€usch S, Kuehnl A, Salvermoser M, Reutersberg B, Trenner M, Eckstein H-
H. Increasing incidence of thoracic aortic aneurysm repair in Germany in the
endovascular era: secondary data analysis of the nationwide German DRG
microdata. Eur J Vasc Endovasc Surg. 2018. Available at: https://www.ejves.
com/article/S1078-5884(18)30807-4/fulltext. Accessed March 14, 2019.

24. Geisb€usch S, Kuehnl A, Salvermoser A, Reutersberg B, Trenner M, Eckstein H-
H. Hospital incidence, treatment, and in-hospital mortality following open and
endovascular surgery for thoracoabdominal aortic aneurysms in Germany
from 2005 to 2014: secondary data analysis of the nationwide German DRG
microdata. Eur J Vasc Endovasc Surg. 2019. Available at: https://www.ejves.
com/article/S1078-5884(18)30807-4/fulltext . Accessed March 14, 2019.

25. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen
HT, von Elm E, Langan SM. The REporting of studies Conducted using

Observational Routinely-collected health Data (RECORD) statement. PLoS
Med. 2015;12:e1001885.

26. Sachs T, Pomposelli F, Hagberg R, Hamdan A, Wyers M, Giles K, Schermerhorn
M. Open and endovascular repair of type B aortic dissection in the Nationwide
Inpatient Sample. J Vasc Surg. 2010;52:860–866.

27. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use
with administrative data. Med Care. 1998;36:8–27.

28. van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification of
the Elixhauser comorbidity measures into a point system for hospital death
using administrative data. Med Care. 2009;47:626–633.

29. Brockwell PJ, Davis RA. Introduction to Time Series and Forecasting. 3rd ed.
Switzerland: Springer International Publishing; 2016.

30. Hartigan JA, Wong MA. Algorithm AS 136: a K-means clustering algorithm.
Appl Stat. 1979;28:100.

31. Hastie T, Tibshirani R, Friedman J. Unsupervised learning. In: The Elements of
Statistical Learning. Springer Series in Statistics. New York, NY: Springer;
2009:485–585.

32. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ, Russman
PL, Evangelista A, Fattori R, Suzuki T, Oh JK, Moore AG, Malouf JF, Pape LA,
Gaca C, Sechtem U, Lenferink S, Deutsch HJ, Diedrichs H, Marcos y Robles J,
Llovet A, Gilon D, Das SK, Armstrong WF, Deeb GM, Eagle KA. The
International Registry of Acute Aortic Dissection (IRAD): new insights into an
old disease. JAMA. 2000;283:897–903.

33. Nienaber CA, Fattori R, Mehta RH, Richartz BM, Evangelista A, Petzsch M,
Cooper JV, Januzzi JL, Ince H, Sechtem U, Bossone E, Fang J, Smith DE,
Isselbacher EM, Pape LA, Eagle KA. Gender-related differences in acute aortic
dissection. Circulation. 2004;109:3014–3021.

34. Kuehnl A, Tsantilas P, Knappich C, Schmid S, K€onig T, Breitkreuz T,
Zimmermann A, Mansmann U, Eckstein H-H. Significant association of annual
hospital volume with the risk of inhospital stroke or death following carotid
endarterectomy but likely not after carotid stenting: secondary data analysis
of the statutory German carotid quality assurance database. Circ Cardiovasc
Interv. 2016;9:e004171.

35. Brinkmann B, Du Chesne A, Vennemann B. Recent data for frequency of
autopsy in Germany. Dtsch Med Wochenschr. 2002;127:791–795.

36. Kurz SD, Falk V, Kempfert J, Gieb M, Ruschinski TM, Kukucka M, Tsokos M,
Grubitzsch H, Herbst H, Semmler J, Buschmann C. Insight into the incidence of
acute aortic dissection in the German region of Berlin and Brandenburg. Int J
Cardiol. 2017;241:326–329.

DOI: 10.1161/JAHA.118.011402 Journal of the American Heart Association 15

Incidence and Mortality of Aortic Dissections Reutersberg et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

https://www.ejves.com/article/S1078-5884(18)30807-4/fulltext
https://www.ejves.com/article/S1078-5884(18)30807-4/fulltext
https://www.ejves.com/article/S1078-5884(18)30807-4/fulltext
https://www.ejves.com/article/S1078-5884(18)30807-4/fulltext


 

 

 

 

 

 

 

 

SUPPLEMENTAL MATERIAL 
 



 

Table 1. Definitions of the different types of aortic dissections based on the combination of codes for 

diagnosis (ICD-10-GM; source: www.dimdi.de) as well as for operations and procedures (OPS). 

 

Definition  Source Codes 

Aortic dissection type A 

(TAAD) 

ICD-10-GM I71.00, I71.01, I71.03, I71.04, I71.05, I71.07 

+ OPS 
5-35, 5-36, 8-851, 5-384.0, 5-384.1, 5-384.2 and 

5-384.b*, 5-38a-a*, 5-384.8, 5384.9*, 5-384.a in combination with 8-851. 

Aortic dissection type B 

(TBAD) 

ICD-10-GM I71.00, I71.01, I71.02, I71.03, I71.04, I71.05, I71.06, I71.07 

+ OPS 
5-384.3, 5-384.4, 5-384.5, 5-384.6, 5-384.7, 5-38a.70, 5-38a.71, 5-38a.72-

7a, 5-38a.8, 5-38a.80, 5-38a.81-8b, 5-38a.0, 5-38a.1, 5-38a.b*, 5-384.c* 

In detail for type A aortic dissections (TAAD) 

I71.00 ICD-10-GM Dissection of unspecified site of aorta, without rupture 

I71.01 ICD-10-GM Dissection of thoracic aorta, without rupture 

I71.03 ICD-10-GM Dissection of thoracoabdominal aorta, without rupture 

I71.04 ICD-10-GM Dissection of unspecified site of aorta, ruptured 

I71.05 ICD-10-GM Dissection of thoracic aorta, ruptured 

I71.07 ICD-10-GM Dissection of thoracoabdominal aorta, ruptured 

For “open repair” of TAAD 

5-35 OPS Operation of heart valves and cardiac vessels 

5-36 OPS Operation of coronary arteries 

8-851 OPS Use of heart lung machine 

5-384.0 

 
OPS 

Open repair: Resection and replacement (interposition) of the ascending 

aorta 

5-384.1 OPS 
Open repair: Resection and replacement (interposition) of the ascending 

aorta with reimplantation of coronary arteries 

5-384.2 OPS Open repair: Resection and replacement (interposition) of aortic arch 

For “hybrid repair” of TAAD (OPS codes only in combination with 8-851 (use of heart lung machine) 

5-384.b* OPS 
Ascending / arch / thoracic aorta with hybrid procedure including an 

implantation of one (or more) stentgraft(s); code used in the years 2011-

2012 

5-38a-a* OPS 
hybrid procedures of the ascending / arch / thoracic aorta, with implantation 

of one (or more) stentgraft(s); code used in the years 2013-2014 

5-384.8 OPS 
Resection and replacement (interposition) of the aorta, ascending aorta, 

aortic arch and descending aorta with hybrid prosthesis; code used in the 

years 2006-2009 and 2011-2014 

5384.9* OPS 
Resection and replacement (interposition) of the aorta, ascending aorta, 

aortic arch or thoracic aorta with hybrid prosthesis; code used in the year 

2010 



 

5-384.a   OPS 
Resection and replacement (interposition) of the aorta or thoracoabdominal 

aorta with hybrid prosthesis; code used in the year 2010 

In detail for type B aortic dissections (TBAD) 

I71.00 ICD-10-GM Dissection of unspecified site of aorta, without rupture 

I71.01 ICD-10-GM Dissection of thoracic aorta, without rupture 

I71.02 ICD-10-GM Dissection of abdominal aorta, without rupture 

I71.03 ICD-10-GM Dissection of thoracoabdominal aorta, without rupture 

I71.04 ICD-10-GM Dissection of unspecified site of aorta, ruptured 

I71.05 ICD-10-GM Dissection of thoracic aorta, ruptured 

I71.06 ICD-10-GM Dissection of abdominal aorta, ruptured 

I71.07 ICD-10-GM Dissection of thoracoabdominal aorta, ruptured 

For “open repair” of TBAD 

5-384.3 OPS Resection and replacement (interposition) of the descending aorta 

5-384.4 OPS Resection and replacement (interposition) of the thoracoabdominal aorta 

5-384.5 OPS 
Resection and replacement (interposition) of the abdominal aorta, not further 

described 

5-384.6 OPS Resection and replacement (interposition) of the abdominal aorta, suprarenal 

5-384.7 OPS Resection and replacement (interposition) of the abdominal aorta, infrarenal 

For “endovascular repair” of TBAD 

5-38a.70 OPS 
Thoracic endovascular aortic repair (TEVAR) of the thoracic aorta, without 

fenestrations or branches 

5-38a.71 OPS 
TEVAR with fenestrations or branches of the thoracic aorta; code used in 

the years 2006-2009 

5-38a.72-7a OPS 
TEVAR with fenestrations or branches of the thoracic aorta; code used in 

the years 2010-2014 

5-38a.8 OPS 
TEVAR with or without fenestrations or branches of the thoracoabdominal 

aorta; code used in the years 2006-2009 

5-38a.80 OPS 
TEVAR without fenestrations or branches of the thoracoabdominal aorta; 

code used in the years 2010-2014 

5-38a.81-8b OPS 
TEVAR with fenestrations or branches of the thoracoabdominal aorta; code 

used in the years 2010-2014 

5-38a.0 OPS Endovascular aortic repair aorta, not further described 

5-38a.1 OPS Endovascular aortic repair abdominal aorta 

For “hybrid repair” of TBAD 

5-38a.b* OPS 
Repair of the thoracoabdominal aorta with hybrid procedure and 

implantation of one or more stentgrafts; codes used 2011 and 2012 

5-384.c* OPS 
Repair of the thoracoabdominal aorta with hybrid procedure and 

implantation of one or more stentgrafts, codes used 2013 and 2014 



 

Characteristics and secondary diagnosis (Table 1) 

   Elixhauser Comorbidity 

Score (ES) 
Literature Elixhauser1, van Walraven et al.2 

Chronic ischemic heart 

disease 
ICD-10-GM I25* 

Chronic heart failure ICD-10-GM I50* 

Cerebrovascular disease ICD-10-GM G45*, G46*, H340*, I6* 

Hypertension ES24 Elixhauser Item No. 6 

Chronic pulmonary 

disease 
ES24 Elixhauser Item No. 9 

Diabetes mellitus  ES24 Elixhauser Item No. 10 and 11 

Chronic kidney disease ES24 Elixhauser Item No. 13 

Cancer ES24 Elixhauser Item No. 17, 18 and 19 

Obesity ES24 Elixhauser Item No. 22 

Marfan-Syndrome ICD-10-GM Q87.4 

Perioperative management and complications (Table 2, Table 3) 

Prolonged ventilation - 
Directly coded variable (hours of ventilation after leaving the operating 

room) 

Acute/Recurrent 

myocardial infarction 
ICD-10 I21.*, I22.* 

Acute stroke ICD-10 I63.4 

Acute paraplegia (incl. 

spinal infarction) 
ICD-10 G95.1 

Acute limb ischemia ICD-10 I74.* 

Major amputation lower 

limb 
OPS 5-864.* 

Acute mesenteric 

infarction 
ICD-10 K55.0 

Resection of bowel OPS 5-45* 

Acute renal artery 

infarction 
ICD-10 N28.0 

Blood transfusion 1-5 

units OPS 8-800.c0, 8-8007f 

Blood transfusion >5 units 
OPS 

8-800.7* without 8-800.7f 

8-800.c* without 8-800.c0 

Transfusion of 

thrombocytes OPS 8-800.6*, 8-800.8*, 8-800.a*, 8-800.b*, 8-800.e*, 8-800.9*, 8-800.d* 

 

 

ICD-10-GM = International Classification of disease, tenth revision, German Modification; OPS = Operation and 

Procedure Code, DIMIDI = German Institute of Medical Documentation and Information.ES= Elixhauser 

Comorbidity Score.   
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