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Introduction

Stanford A acute aortic dissection (AAD) is a life-threatening
cardiac emergency.1 Every physician treating patients with
Stanford A AAD knows the clinical scenario of an initially
stable patient suddenly turning into an urgent emergency. It
is associated with a high mortality rate up to 50% in the first
48 hours after symptomonset, if untreated.2 Thus, Stanford A

AAD being involved with one of the three aortic entry tear
sites should be immediately repaired to avoid fatal extension
of the tear into pericardium, pleural space, coronary arteries,
or aortic root.3 If the aortic entry tear was located after the
aortic valve and before branch-off of the brachiocephalic
trunk, ascending aortic repair was performed in our institu-
tion. If the aortic entry tear was located in the curvature,
aortic hemiarch replacement was performed. If the aortic
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Abstract Background Stanford A acute aortic dissection (AAD) is a life-threatening emergency.
The aim of this study was to compare the impact of three different aortic entry tear
sites on early outcomes and long-term survival of patients with Stanford A AAD.
Methods From January 2006 to April 2015, a total of 240 consecutive patients with
diagnosedStanfordAAADunderwentemergent, isolated surgical aortic repair inourcenter.
Patientsweredivided into threegroupscomprising isolatedascendingaorta, proximal aortic
arch, and distal aortic arch entry tear site and were followed up for up to 9 years.
Results Thirty-day mortality as well as major cerebrovascular events were significantly
different between the three groups (p ¼ 0.007 and p ¼ 0.048, respectively). Overall
cumulative short- and long-term survival of all patients revealed significant differences
(Log-Rank p ¼ 0.002), whereas survival of all patients free from major cerebrovascular
events was similar (Log-Rank p ¼ 0.780). Subgroup analysis of short- and long-term
survival of patients showed significant differences in terms of men (Log-Rank
p ¼ 0.043), women (Log-Rank p ¼ 0.004), patients over 65 years of age (Log-Rank
p ¼ 0.007), and hypertensive patients (Log-Rank p ¼ 0.003). Kaplan–Meier survival
estimation plots significantly showed poorest survival for distal aortic arch entry tear
site group.
Conclusion The location of the primary entry tear in patients with Stanford A AAD
significantly influences early outcomes, short- and long-term survival of patients, whereas
survival of patients free from major cerebrovascular events showed similar results among
the three groups. Distal aortic entry tear site showed poorest outcomes and survival.
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entry tear was involved in the whole aortic arch including
supra-aortic vessels, whole aortic arch was replaced with
reinsertion of the vessels.

Generally, the goal of surgical treatment of Stanford A
AAD should be exclusion of the primary entry tear.4 There-
fore, it seems reasonable and necessary to locate preopera-
tively the exact entry tear site using diagnostic tools, such as
computed tomography (CT).4 In literature, different classifi-
cations of entry tear locations of Stanford A AAD were
described. Some authors categorize entry tear sites as to
be in the greater or lesser curvature, others as being located
in proximal, middle, or distal ascending aorta.5,6 Despite
these different classifications, most studies agree with the
fact that the more distal the location of an entry tear is, the
more challenging the surgical procedure might be with
higher mortality and poorer long-term survival.5 Some stu-
dies reported that entry tear site in the aortic arch appeared
up to 12.5% of all Stanford A dissections.5 However, there is
little evidence available analyzing the impact of different
aortic entry tear sites on patients with Stanford A AAD on
early outcomes and especially on short- and long-term
survival. Some patient-related preoperative baseline char-
acteristics have already beenwell analyzed, such as impact of
hypertension or age on the development of Stanford A AAD.7

Nevertheless, the impact of different entry tear sites on early
outcomes, short- and long-term survival has not yet been
well analyzed. In literature, there is poor information con-
cerning this rigorous issue. Differentiated analysis of the
impact of three different aortic entry tear sites would help to
improve surgical strategy and perioperative setting.

The purpose of this studywas to evaluate and compare the
impact of three different aortic entry tear sites in patients
with Stanford A AAD on early outcomes, short- and long-
term survival.

Methods

Study Design
The study design is a retrospective analysis of prospectively
collected registry data.

Patients and Variables
Ananalysis of all consecutivepatientsdiagnosedwith Stanford
A AAD referred to our institution for emergent surgical treat-
ment from January 2006 to April 2015 was performed with
focus on the impact of three different aortic entry tear sites on
early outcomes, short- and long-term survival. After exclusion
of patients who deceased prior to surgery, a total of 240
subjects remained in the present analysis. Patients were
divided into three groups according to the location of primary
aortic entry tear. Incidence of entry tear site in isolated
ascending aorta occurred in 164 cases, in proximal aortic
arch in 45 cases, and in distal aortic arch in 31 cases. Primary
end points were short- and long-term survival of patients and
survival of patients free from major cerebrovascular events
with up to 9-year follow-up. Secondary end points were early
postoperative adverse events. Preoperative baseline demo-
graphics and characteristics as well as outcomes for the three

different aortic entry tear site groups were compared using
univariate analysis. Subsequently, multinominal logistic
regression was performed for subgroup analysis comparing
isolated ascending aortic entry tear site group with proximal
or/and distal aortic arch entry tear site group. To address the
impact of the different aortic entry tear sites on short- and
long-term survival of patients as well as survival of patients
free frommajor cerebrovascular events and subgroup analysis
for survival ofmen,women, patients under andabove 65years
of age and hypertensive patients were analyzed.

Follow-up was obtained through direct contact with
patients and patients’ relatives, general practitioners and
local hospitals, as well as through data collection from our
institutional quality information management system and
electronic documentation system. In cases when patients or
patients’ next of kin could not be contacted, the cutoff of the
study for those particular patients was set as the date of the
last documented follow-up contact. No patients were lost
from follow-up. Patients were contacted between 6 months
and 1 year after surgery. They were asked for repair or any
conspicuous features andwere admitted for a control CTscan
to evaluate need for secondary surgical intervention.

Surgical Procedure
Sabashnikov et al described surgical procedure for Stanford A
AAD.8,9Depending on the identification of the location of the
aortic entry tear in the CT scan before surgery extent of
surgery was planned. Moreover, if the exact location of the
primary aortic entry tear was unclear, extent of aortic repair
and the very entry tear sitewere in detail reevaluated during
surgery due to proper intraoperative visual inspection to
exclude a possible communication between lumina.

Access to the surgical field was ensured through median
sternotomy, whereas cannulation was performed either
prior to sternotomy through the right axillary artery with
a single purse string suture with 5–0 Prolene and an arterial
cannula (Fem-Flex II; Edwards Lifescience, Irvine, California,
United States), through femoral artery after surgical cut
down using 5–0 Prolene and an arterial cannula (Fem-Flex
II; Edwards Lifescience, Irvine, California, United States) or
directly through the aortic arch after opening the chest with
a double purse string suture with 4–0 Prolene for direct
aortic cannulation. A bolus of unfractionated heparin of 300
to 400 IU per kg body weight was administered prior to
cannulation and establishment of cardiopulmonary bypass
(CPB) to achieve activated clotting time > 400 second.
Venous cannulationwas performed through the right atrium
using a double-stage cannula (Maquet Cardiopulmonary AG,
Rastatt, Germany). After initiation of systemic cooling on
CPB, a left ventricle vent catheter was usually placed through
the right superior pulmonary vein. The aortic cross clamp
was applied to the proximal aspect of the aortic arch alter-
natively the ascending aorta was incised and opened in
circulatory arrest. Standard cannulation strategy to go on-
pump was via the axillar artery unless there was a tear or
damage to the inner wall of the axillar artery. However, some
experienced surgeonswere proponents of direct cannulation
independent of the involvement of the axillary artery. The
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final decision regarding cannulation strategy in each case
was made by experienced attending surgeons who per-
formed the procedures. In cases of axillary cannulation,
aortic cannula was placed and secured in the right axillar
artery prior to sternotomy. In cases of direct aortic or femoral
cannulation, a short period of hypothermic circulatory arrest
(HCA) was initiated for inspection of the aortic arch followed
by an extended period of selective cerebral perfusion (SCP)
andmoderatehypothermia for distal anastomosis. In cases of
axillary cannulation, a short period of HCA was avoided as
cerebral perfusion was ensured through the right carotid
artery after clamping the brachiocephalic trunk. In cases of
central cannulation after completing the distal anastomosis,
the arterial cannula was inserted into the prosthesis, the
prosthesis was clamped, CPB was restarted, and the patient
was rewarmed. While rewarming, the anastomosis between
the proximal and the distal prosthesis was performed, and
the aortic clamp was removed after careful de-airing proce-
dure. Ameticulous hemostasis was performed before closing
the chest, whereas transfusion requirements were guided
using thromboelastography available in our unit.8,9

Statistical Analysis
IBM SPSS Statistics for Windows, Version 25 (IBM Corp.
Released 2017. Armonk, New York, United States, IBM
Corp) was used for statistical analysis. All data were pre-
sented as continuous or categorical variables. Continuous
data were checked for normality using one sample Kolmo-
gorov–Smirnov test and histograms. All continuous variables
were expressed as means � standard deviation for normally
distributed variables or medians (interquartile ranges) for
non-normally distributed continuous variables. Categorical
data were expressed as total numbers and percentages.
Statistical comparisons of continuous variables were per-
formed using unpaired analysis of variance for normally
distributed and nonparametric Kruskal–Wallis test for
non-normally distributed variables, whereas categorical
variables were assessed using Pearson’s χ2 test or Fisher’s
exact test depending on the minimal expected count in each
crosstab. Multinominal logistic regression analysis was per-
formed for subgroup analysis comparing odds ratios (OR) of
ascending aortic entry tear group versus proximal aortic arch
entry tear group or distal aortic arch entry tear group.
Kaplan–Meier survival estimation model was performed
for short- and long-term survival up to 9-year follow-up
comparing the impact of three different aortic entry tear site
groups, whereas Breslow (Generalized Wilcoxon) test was
applied for the calculation of significances for earlier (short-
term) and Log-Rank (Mantel–Cox) test for later (long-term)
follow-up phases.

Results

Univariate Analysis
Univariate analysis comparing all three groups in terms of
demographics, preoperative baseline, and clinical character-
istics showed some statistically significant differences
(►Table 1). Left ventricular ejection fraction (p ¼ 0.037),

incidence of aortic valve pathology (p ¼ 0.003), and preo-
perative fibrinogen level (p ¼ 0.029) significantly differed
among the three groups. All other preoperative baseline
characteristics showed similar results (p > 0.005). Interest-
ingly, most aortic valve pathologies appeared to be signifi-
cantly associated with an entry tear located in the isolated
ascending aorta (48.7%) versus incidence of entry tear in
proximal (25.1%) or distal aortic arch (26.2%). Further, there
were statistically significant differences of surgical strategy
in terms of isolated ascending aortic repair group
(p < 0.001), aortic hemiarch repair group (p ¼ 0.002), and
aortic arch repair group (p < 0.001). Additionally, use of
selective brain perfusion showed statistically significant
differences among the three entry tear site groups
(p < 0.001) as well as cannulation in axillary arteria or
ascending aorta (p ¼ 0.012 and p ¼ 0.036, respectively).
Further, selection of cardioplegia according to Buckberg,
Calafiore, or Bretschneider was similarly distributed.

Intraoperative and early postoperative outcomes showed
significant differences in distal aortic arch entry tear group in
comparison to isolated ascending aortic and proximal aortic
arch entry tear group in terms of higher cross clamp time:
isolated ascending aortic entry group (78(61;115) versus
proximal aortic arch entry group 99(77;124) versus distal
aortic arch entry group 134(101;172) min, p < 0.001),
longer duration of surgery (313(245;410) versus 322
(257;398) versus 402(286;490) min, p ¼ 0.030), longer
CPB time (165(121;211) versus 193(155;215) versus 262
(171;262), p < 0.001), longer selective brain perfusion
time (20(12;33) versus 42(25;62) versus 55(38;78) min,
p < 0.001), longer reperfusion time (64(44;83) versus 71
(60;85) versus 91(54;145) min, p ¼ 0.024), longer mechan-
ical ventilation (2(1;6) versus 4(2;10) versus 4(1;17) days,
p ¼ 0.009), higher drainage output over 24 hours (959
(578;1970) versus 1485(985;1982) versus 2210(700;3000)
mL, p ¼ 0.009) and longer intensive care unit stay (5(2;12)
versus 9(4;13) versus 14(3;24) days, p ¼ 0.012).

Moreover, significantly higher incidence of major cere-
brovascular events (ischemic or hemorrhagic stroke)
occurred in proximal aortic arch entry tear group in 27.3%,
in isolated ascending aorta in 12.4%, and in distal aortic entry
tear group in 20.7% of all cases (p ¼ 0.048). Further, inci-
dence of gastrointestinal complications, 30-day mortality,
and reopening for bleeding showed significantly highest
incidence in proximal aortic arch entry tear group (24.1%
p ¼ 0.040 versus 38.7% p ¼ 0.007 versus 37.9% p ¼ 0.047,
respectively). All other perioperative early outcomes were
similarly distributed (p > 0.05) (►Tables 2 and 3).

Multinominal Logistic Regression Analysis
Multinominal logistic regression analysis was applied for
subgroup analysis in terms of three different aortic entry
tear site groups with focus on incidence of major cerebrovas-
cular events, gastrointestinal complications, bleeding, need for
reopening, in-hospital, and30-daymortality. In termsofmajor
cerebrovascular events, comparison of proximal aortic arch
entry tear group with isolated ascending aortic entry tear
group showed a nearly threefold higher incidence (OR ¼ 2.65,
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p ¼ 0.019), whereas distal aortic arch entry tear group in
comparison to isolated ascending aortic entry tear group
showed similar results (p ¼ 0.239). Moreover, incidence of
gastrointestinal complications for distal aortic arch entry tear
group in comparison to proximal aortic arch entry tear group
showed a statistically significant nearly sevenfold higher odds
ratio (OR ¼ 6.67, p ¼ 0.024),whereas odds ratios of to the two
other entry tear groups were similar (p ¼ 0.182 and

p ¼ 0.077). Reopening for bleeding showed in terms of distal
aortic arch entry tear group in comparison to isolated ascend-
ing aortic entry tear groupa significantly higher odds ratio (OR
2.48, p ¼ 0.035) as well as in-hospital mortality (OR 2.77,
p ¼ 0.022) and month mortality (OR 3.33, p ¼ 0.005). Month
mortality showed also a significant difference for distal aortic
arch entry tear group in comparison to proximal aortic entry
tear group (OR ¼ 4.10, p ¼ 0.014) (►Table 4).

Table 1 Association of demographics and preoperative baseline characteristics for groups with aortic entry tear site in isolated
ascending aorta, proximal aortic arch, and distal aortic arch

Entry ascending
aorta

Entry proximal
aortic arch

Entry distal
aortic arch

p Value

Age (years) 63 (49;72) 69 (55;76) 63 (55;72) 0.093

Height (cm) 174 (165;180) 175 (166;181) 178 (172;180) 0.115

Weight (kg) 80 (68;90) 83 (71;93) 82 (75;93) 0.312

Gender (male) 103 (62.8%) 26 (57.8%) 24 (77.4%) 0.195

Gender (female) 61 (37.2%) 19 (42.2%) 7 (22.6%) 0.195

LVEF (%) 60 (52;60) 60 (55;60) 55 (41;60) 0.037

Euroscore 11 (9;14) 12 (9;15) 12 (9;14) 0.290

Logistic Euroscore 28 (15;42) 34 (16;51) 31 (17;49) 0.246

Reduced perfusion 50 (30.5%) 9 (20.0%) 11 (35.5%) 0.277

Pericardial effusion 73 (44.5%) 20 (44.4%) 15 (48.4%) 0.921

Coronary dissection 20 (12.2%) 4 (8.9%) 1 (3.2%) 0.303

Neurology normal 116 (70.7%) 33 (73.3%) 19 (63.3%) 0.634

Neurology weak 15 (9.1%) 7 (15.6%) 4 (13.3%) 0.425

Neurology coma 33 (20.1%) 5 (11.1%) 7 (23.3%) 0.312

Comorbidities

Arterial hypertension 117 (71.3%) 39 (86.7%) 25 (80.6%) 0.082

Diabetes mellitus 13 (7.9%) 1 (2.2%) 4 (12.9%) 0.207

Elevated creatininea 52 (31.7%) 11 (24.4%) 12 (38.7%) 0.409

Peripheral vascular disease 11 (6.7%) 2 (4.4%) 2 (6.5%) 0.856

Coronary artery disease 29 (17.7%) 9 (20.0%) 7 (22.6%) 0.792

Aortic valve pathology 79 (48.2%) 11 (24.4%) 8 (25.8%) 0.003

Connective tissue disorderb 3 (3.2%) 1 (2.8%) 0 (0.0%) 0.614

Blood and coagulation parameters

Hemoglobin (g/dL) 13(12;14) 13 (11;14) 13 (11;14) 0.281

Platelets preoperatively (U) 178 (140;236) 190 (157;226) 183 (148;304) 0.585

Fibrinogen preoperatively (g/L) 3.1 (2.5;3.5) 2.6 (2.1;3.0) 4.3 (2.7;5.4) 0.029

aPTT preoperatively 29 (26;35) 29 (26;35) 31 (27;34) 0.705

Quick 80 (58;96) 83 (70;102) 83 (54;95) 0.649

Extension

Aorta ascendens 28 (17.4%) 11 (25.0%) 3 (9.7%) 0.226

Aorta thoracalis descendens 50 (31.1%) 8 (18.2%) 7 (22.6%) 0.191

Aorta abdominalis 10 (6.2%) 4 (9.1%) 6 (19.4%) 0.055

Arteria iliaca 75 (46.0%) 21 (47.7%) 15 (48.8%) 0.842

Abbreviations: aPTT, activated partial thromboplastin time; INR, international normalized ratio; LVEF, left ventricular ejection fraction.
aSerum creatinine >1.1mg/dL.
bConnective tissue disorders summarize Marfan syndrome, Ehlers–Danlos syndrome, and Loeys–Dietz syndrome.
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Short- and Long-Term Survival
To analyze the impact of the three different entry tear groups
on short- and long-term survival after surgery for Stanford A
AAD, Kaplan–Meier survival estimation analysis and plot with
up to 9-year follow-upwere performed. Breslow (Generalized
Wilcoxon) test was applied for calculation of significances for
earlier (short-term) and Log-Rank (Mantel–Cox) test for later
(long-term) follow-up phases. Our analysis showed statisti-
cally significant differences for short- and long-term survival
for patients (Log-Rank p ¼ 0.002; Breslow p ¼ 0.001) and
similar results for survival for patients free from major cere-
brovascular events (Log-Rank p ¼ 0.780; Breslow p ¼ 0.702).
A continuous variablewith timeline formajor cerebrovascular
events syntonic to a variable (dichotomous variable: yes or no)
with incidenceofmajorcerebrovasculareventswasperformed
beginning with operation day up to 9-year follow-up which
resulted at the end in two patient groups: one patient group
with major cerebrovascular events and one group free from
major cerebrovascular events.

The number of patients at risk of 9-year follow-up for
entry tear in ascending aortic group versus proximal aortic
arch group versus distal aortic arch group for overall cumu-
lative survival were at 30 days 135:37:17, at 6 months
124:27:11, at 1 year (a) 113:22:9, at 2a 85:14:6, at 3a
70:13:3, at 4a 61:8:2, at 5a 43:7:1, at 6a 35:4:0, at 7a
33:3:0, at 8a 9:1:0, at 9a 0:0:0 as well as for survival free
from major cerebrovascular events at 30 days 116:24:8, at
6 months 105:20:6, at 1 year (a) 77:63:2 at 2a 77:17:4, at 3a

63:12:2, at 4a 51:7:1, at 5a 37:6:0, at 6a 29:4:0, at 7a 18:3:0,
at 8a 9:1:0 at 9a 0:0:0 (►Figs. 1 and 2; ►Table 5).

Subgroupanalysisof short- and long-termsurvival revealed
significant differences in terms of male (Log-Rank p ¼ 0.043;
Breslow p ¼ 0.035) and female gender (Log-Rank p ¼ 0.004;
Breslow p ¼ 0.001), of patients under 65 years of age (Log-
Rankp ¼ 0.087;Breslowp ¼ 0.069),ofpatientsabove65years
of age (Log-Rank p ¼ 0.007; Breslow p ¼ 0.005), and of hyper-
tensive patients (Log-Rank p ¼ 0.003; Breslow p ¼ 0.002)
(►Table 5). All plots showed the poorest survival for distal
aortic arch entry tear group in comparison to isolated ascend-
ing aorta or proximal aortic arch entry tear site group.

However, subgroup analysis for short- and long-term
survival of patients free from major cerebrovascular events
showed similar results for male and female gender, for
patients under and above 65 years of age and hypertensive
patients (Log-Rank and Breslow test p > 0.05) (►Table 5).
Distribution of causes of death (COD) after Stanford A AAD
repair during 9-year follow-up showed highest incidence for
bleeding, sepsis and multiorgan failure in terms of entry in
distal aortic arch entry tear group (►Table 6).

Discussion

Stanford A AAD as a complex life-threatening disease is
associated with high perioperative morbidity and mortality
up to 10 to 25%.8–14 Therefore, early recognition and surgical
correction are recommended to prevent devastating

Table 2 Association of operative strategy for groups with aortic entry tear site in isolated ascending aorta, proximal aortic arch,
and distal aortic arch

Entry ascending
aorta

Entry proximal
aortic arch

Entry distal
aortic arch

p Value

Surgical strategy

Isolated ascending aortic repair 112 (68.4%) 10 (22.2%) 4 (12.9%) <0.001

Aortic hemiarch repair 39 (23.8%) 23 (51.1%) 10 (32.3%) 0.002

Aortic arch repair 13 (7.9%) 12 (26.7%) 17 (54.8%) <0.001

Bentall procedure 55 (33.5%) 10 (22.2%) 7 (22.6%) 0.214

David procedure 5 (3.0%) 2 (4.4%) 1 (3.2%) 0.898

CABG 30 (18.3%) 4 (8.9%) 3 (9.7%) 0.193

Redo procedure 11 (6.7%) 4 (8.9%) 3 (9.7%) 0.784

SBP 118 (72.4%) 44 (97.8%) 28 (90.3%) <0.001

SBP bilateral 80 (49.1%) 33 (73.3%) 22 (78.6%) <0.001

Cannulation

Arteria axillaris 137 (83.5%) 38 (84.4%) 19 (61.3%) 0.012

Aorta ascendens/ proximal arch 23 (14.0%) 8 (17.8%) 10 (33.3%) 0.036

Arteria femoralis 3 (1.8%) 1 (2.2%) 1 (3.2%) 0.881

Cardioplegia

Buckberg 144 (87.8%) 43 (95.6%) 26 (86.7%) 0.301

Calafiore 16 (9.8%) 0 (0.0%) 4 (13.3%) 0.064

Bretschneider 4 (2.4%) 2 (4.4%) 1 (3.3%) 0.771

Abbreviations: CABG, coronary artery bypass grafting; SBP, selective brain perfusion.
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complications, such as aortic rupture. To this day, less
attention has been paid to the impact of different aortic
entry tear sites on early outcomes, short- and long-term
survival of patients suffering from Stanford A AAD.

In literature, there were only few studies evaluating the
impact of different entry tear sites on outcomes of patients
withStanfordAAAD.4,5Further, in contrast toprevious reports
on AAD, our group used multinominal logistic regression for
subgroup analysis. The aim of this study was to compare the
impact of three different aortic entry tear sites on early out-
comes, short- and long-termsurvivalofpatientssuffering from
Stanford A AAD at a high-volume center.

In terms of analysis of baseline characteristics, most
parameters showed similar results, so our patients cohort
featuredwell-balanced. Takami et al corroborated our results
with focus on age, gender, incidence of hypertension, cor-
onary artery disease, and incidence of diabetes.6 They also
did not find any correlation between sites of primary entry
tear and patients’ neurological status. Nevertheless, one
should keep in mind that entry tear classification by Takami
et al differed from our classification. We analyzed location of
isolated ascending aortic entry tear versus proximal aortic
arch entry tear versus distal aortic arch entry tear, whereas
Takami et al categorized dissection entry tears as to be

Table 3 Association of intra- and early postoperative variables with aortic entry tear site in isolated ascending aorta, proximal
aortic, arch and distal aortic arch

Entry ascending
aorta

Entry proximal
aortic arch

Entry distal
aortic arch

p Value

Cross clamp time (min) 78 (61;115) 99 (77;124) 134 (101;172) <0.001

Duration of surgery (min) 313 (245;410) 322 (257;398) 402 (286;490) 0.030

Cardiopulmonary bypass time (min) 165 (121;211) 193 (155;215) 262 (171;262) <0.001

SBP (min) 20 (12;33) 42 (25;62) 55 (38;78) <0.001

SBP flow (mL/min) 900 (900;900) 900 (800;900) 900 (900;900) 0.147

Reperfusion time (min) 64 (44;83) 71 (60;85) 91 (54;145) 0.024

RBC intraoperatively (U) 6 (4;9) 7 (5;10) 8 (5;9) 0.436

FFP intraoperatively (U) 6 (4;9) 7 (6;8) 6 (4;11) 0.242

Platelets intraoperatively (U) 2 (1;3) 2 (1;2) 2 (1;3) 0.326

RBC postoperatively (U) 5 (2;10) 6 (2;11) 7 (1;25) 0.047

FFP postoperatively (U) 3 (0;6) 4 (1;9) 5 (0;13) 0.023

Platelets postoperatively (U) 0 (0;1) 1 (0;1) 1 (0;2) 0.326

ICU stay (days) 5 (2;12) 9 (4;13) 14 (3;24) 0.012

Time for intubation (days) 2 (1;6) 4 (2;10) 4 (1;17) 0.009

Drainage output over 24 hours (mL) 959 (578;1,970) 1485 (985;1,982) 2,210 (700;3,000) 0.027

Temporary neurological disorder 53 (33.5%) 17 (38.6%) 11 (40.7%) 0.678

Major cerebrovascular eventsa 20 (12.4%) 12 (27.3%) 6 (20.7%) 0.048

Myocardial infarction 47 (28.8%) 8 (18.2%) 10 (34.5%) 0.251

Gastrointestinal complications 19 (11.7%) 2 (4.5%) 7 (24.1%) 0.040

Renal CVVH 31 (19.0%) 7 (15.9%) 10 (35.7%) 0.092

Tracheostomy 47 (28.8%) 13 (29.5%) 13 (44.8%) 0.224

Tachyarrhythmia absoluta 59 (36.4%) 18 (41.9%) 11 (37.9%) 0.806

Infection 74 (45.4%) 23 (52.3%) 16 (55.2%) 0.507

Reopening for bleeding 32 (19.8%) 14 (31.8%) 16 (37.9%) 0.047

Bleeding 73 (45.1%) 27 (60.0%) 17 (58.6%) 0.121

In-hospital stay (days) 12 (7;19) 13 (10;22) 15 (2;26) 0.389

Intraoperative mortality 4 (2.5%) 1 (2.2%) 6 (19.4%) <0.001

ICU mortality 22 (13.5%) 6 (13.3%) 5 (16.7%) 0.893

In-hospital mortality 25 (15.9%) 8 (18.2%) 10 (34.5%) 0.062

30-day mortality 26 (16.0%) 6 (13.3%) 12 (38.7%) 0.007

Abbreviations: CVVH, continuous veno-venous hemofiltration; FFP, fresh frozen plasma; ICU, intensive care unit; RBC, red blood cell; SBP, selective
brain perfusion time; U, units.
aIschemic and hemorrhagic stroke.
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located in proximal ascending, middle ascending, and distal
ascending aortic arch.6 This factmight bias comparison of the
studies.

Further, in our study we showed that the more distal the
location of the primary entry tear in the aorta was, the more
invasive surgery had to be performed corresponding to
higher mortality rates. Takami et al stated that mortality
rates were significantly higher in patients with primary

entry tear sites in middle ascending and in distal ascending
aortic arch than in proximal ascending aortic arch.6 Our
results support these findings corresponding to our classifi-
cation: mortality of distal aortic arch entry tear group was
significant higher in comparison to isolated ascending or
proximal aortic arch entry tear site group. Arch replacement
received 54.8% of all patients with distal aortic arch entry
tear. Further 32.3% of patients received hemiarch replace-
ment with being aortic arch entry tear on the border toward
hemiarch region. Smaller surgical approach was chosen to
minimize perioperative complications. In terms of patients
receiving ascending aortic repair entry tears were located in
ascending aorta and in distal aortic arch. This may explain
high mortality (32.8%) in distal aortic arch entry tear group.

Ma et al found out that 12.5% of all cases in terms of the
three different entry tear sites of Stanford A AADwere located
in distal aortic arch.5 Corroborating these results, we showed
in our study that the incidence of an entry tear site in distal
aortic arch was 12.9%. Moreover, Ma et al stated that patients
with aortic arch entry tear were older in comparison to the
other two patient groups.5 In contrast to these results, we did
not find any significant differences (p ¼ 0.093). In our trial,
most entry tear sites were found to be located in isolated
ascending aorta (68.3%) and also Urbanski et al stated that
StanfordAdissectionsmost frequentlyoriginated from intimal
tears in the ascending aorta.4 Other studies revealed that the
intimaldissection tearwasoften found insegmentsexposed to
the greatest shear stresswhich ismost frequently in ascending
aorta15 and thus, hypertension can directly act as a parietal
stressor and indirectly as a proinflammatory trigger, mainly
inducing macrophage recruitment and activation but our
study revealed that hypertension was similarly distributed
among the three entry tear site groups.16

Omura et al stated that incidence of visceral or renal
malperfusion at the time of diagnosis in patients with
proximal or distal aortic arch entry tear was a common
phenomenon and should alert physicians to think about
looking for entry sites beyond the ascending aorta and adapt
surgical strategy accordingly.17 However, in this study no

Table 4 Multinominal logistic regression analysis of selected
variables of patients with Stanford A AAD. Odds ratios (OR),
95% confidence intervals (95% CI) and p values of patient
groups with different aortic entry tear sites

OR 95% CI p Value

Major cerebrovascular eventsa,d 2.65 1.17–5.95 0.019

Major cerebrovascular eventsb,d 1.84 0.67–5.08 0.239

Gastrointestinal complicationsa 0.36 0.08–1.61 0.182

Gastrointestinal complicationsb 2.41 0.91–6.41 0.077

Gastrointestinal complicationsc 6.67 1.27–34.48 0.024

Bleedinga 1.83 0.93–3.58 0.078

Bleedingb 1.73 0.78–3.85 0.181

Reopening for bleedinga 1.90 0.90–3.98 0.092

Reopening for bleedingb 2.48 1.07–5.78 0.035

In-hospital mortalitya 1.17 0.49–2.82 0.721

In-hospital mortalityb 2.77 1.16–6.66 0.022

Month mortalitya 0.81 0.31–2.11 0.667

Month mortalityb 3.33 1.44–7.69 0.005

Month mortalityc 4.10 1.33–12.65 0.014

Abbreviation: AAD, acute aortic dissection.
aProximal aortic entry tear group in comparison to isolated ascending
aortic entry tear group.

bDistal aortic entry tear group in comparison to isolated ascending
aortic entry tear group.

cDistal aortic entry tear group in comparison to proximal aortic entry
tear group.
dischemic and hemorrhagic stroke.

Fig. 1 Kaplan–Meier survival estimation plot for overall cumulative survival of patient groups with different aortic entry tear sites.
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statistically significant differences were found (p ¼ 0.277) in
terms of malperfusion among incidence of aortic entry tear
site in ascending aorta versus proximal or distal aortic arch
(►Table 1).

Short- and long-term survival of patients revealed sig-
nificant differences among the three aortic entry tear groups
as well as between subgroups of men, women, patients
under and above 65 years of age, and hypertensive patients.
All Kaplan–Meier survival estimation plots showed poorest
survival of patients in distal aortic arch entry tear site group.
Surprisingly, our literature research did not reveal data
dealing with the addressed patient groups and short- and
long-term issues. Interestingly, in contrast to Stanford A
AAD, literature provides a lot of data for Stanford B dissec-
tions and the impact of different entry tear sites.18,19

Duetostill controversial resultsonearlyoutcomesandshort-
and long-term survival of patients and different classifications
in literature for entry tear sites in patients undergoing aortic
repair for Stanford A AAD, further investigations are needed.
Nevertheless, surgical approach should always be adapted to

patients’ individual circumstances.20 Each case should be eval-
uated accurately to achieve acceptable outcomes.21 Newer
techniques as tear-oriented endovascular repair would be an
alternative therapeutic option supplanting surgery.4

Limitations of the Study

This study is a retrospective analysis of collected registry
data from a single center. The study power was limited due a
relatively small patient cohort. The nonrandomized design as
well as complexity and variability of the pathophysiology
and morphology of Stanford A AAD may also have affected
the results. This study represents the experience of a single
large tertiary referral center and might not be generalized to
other centers.

Conclusion

The present analysis showed that the specificity of the aortic
entry tear site significantly influences early outcomes, short-

Fig. 2 Kaplan–Meier survival estimation plot for survival of patient groups free from cerebrovascular events with different aortic entry tear sites.

Table 5 Kaplan–Meier survival estimation analysis. p Values of Log-Rank (Mantel–Cox) test and Breslow (Generalized Wilcoxon)
test for survival and survival free from major cerebrovascular events of various patient cohorts. Comparison of aortic entry tear in
isolated ascending aorta versus proximal aortic arch versus distal aortic arch of patient groups with Stanford A AAD

Survivala Survival free from major
cerebrovascular events

Log-rank
p value

Breslow
p value

Log-rank
p value

Breslow
p value

Patients of either gender 0.002 0.001 0.780 0.702

Men 0.043 0.035 0.567 0.455

Women 0.004 0.001 0.147 0.141

Patients < 65 years of age 0.087 0.069 0.215 0.186

Patients � 65 years of age 0.007 0.005 0.481 0.534

Hypertensive patients 0.003 0.002 0.998 0.946

Abbreviation: AAD, acute aortic dissection.
aDistal aortic arch entry tear group showed significantly poorest survival.
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and long-term survival of patients with Stanford A AAD,
whereas survival of patients free frommajor cerebrovascular
events was similar among the three entry tear groups. Distal
aortic entry tear site group showed poorest outcomes and
survival.
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Table 6 Causesofdeath (COD) after StanfordA AADrepair during
9-year follow-up in percent (%) of aortic entry tear site group

Entry
ascending
aorta

Entry
proximal
aortic
arch

Entry
distal
aortic
arch

Myocardial
infarction

a 6.7 6.7 6.7

b 0.7 2.6 0

Major
cerebrovascular
events

a 3.7 4.4 3.3

b 0 0 0

Bleeding a 2.5 4.4 13.3

b 0 0 0

Sepsis a 4.9 2.2 10.0

b 2.6 0.5 1.0

MOFa a 3.1 2.2 23.3

b 1.5 2.6 11.1

Other a 6.7 0 0

b 8.0 0 0

Abbreviation: AAD, acute aortic dissection.
Note: (a) COD from operation day onward up to 9-year follow-up. (b)
COD from 30 days after surgery onward up to 9-year follow-up.
aMOF multiorgan failure.
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