
Acute type A aortic dissection: significance of multiorgan
malperfusion

Davide Pacinia,*, Alessandro Leonea, Laura Maria Beatrice Belottib, Daniela Fortunab, Davide Gabbieric,

Claudio Zussad, Andrea Continie, and Roberto Di Bartolomeoa on behalf of RERIC (Emilia Romagna Cardiac

Surgery Registry) Investigators†

a Department of Cardiac Surgery, S.Orsola-Malpighi Hospital, University of Bologna, Bologna, Italy
b Department of Clinical Governance, Emilia-Romagna Agency for Health and Social Care, Bologna, Italy
c Department of Cardiac Surgery, Hesperia Hospital, Modena, Italy
d Department of Cardiac Surgery, Maria Cecilia Hospital, Gruppo Villa Maria Care & Research, Cotignola, Italy
e Department of Cardiac Surgery, University of Parma, Parma, Italy

* Corresponding author. c/o Unità Operativa di Cardiochirurgia, Università degli studi di Bologna, Policlinico S.Orsola-Malpighi, Via Massarenti 9, 40138 Bologna,
Italy. Tel: +39-051-6363361; fax: +39-051-345990; e-mail: dav.pacini@gmail.com or dpacini@hotmail.com (D. Pacini).

Received 17 May 2012; received in revised form 16 July 2012; accepted 31 July 2012

Abstract

OBJECTIVES: Acute type A aortic dissection (AAAD) remains one of the most challenging diseases in cardiothoracic surgery, and
despite numerous innovations, early mortality still remains high. The aim of this study was to review the Emilia-Romagna experience in
the treatment of AAAD and to evaluate the effect of malperfusion on mortality and morbidity.

METHODS: We examined data of 502 patients between January 2000 and December 2008, from the Emilia-Romagna Regional Registry
of AAAD. The mean age was 62.4 ± 13 years and 66.5% were male. At presentation, various types of malperfusion syndromes (cerebral,
cardiac, ileo-femoral, renal, mesenteric and spinal cord) were present in 103 patients (20.5%; malperfusion [MPS] group). Three
hundred ninety-nine patients (No-MPS group) did not have pre-operative malperfusion. Arterial access for cardiopulmonary bypass
was usually via the femoral artery (81.9%), while the axillary artery was used only in 14.7%. The aortic repair was performed using the
‘open technique’ in 348 patients (69.3%) and with aortic cross-clamping without circulatory arrest in 154 patients (30.7%).

RESULTS: Overall in-hospital mortality was 20.9%: 43.7% in the MPS group vs 15% in the No-MPS group (P = 0.001). The operative tech-
nique and the cannulation site did not influence post-operative outcomes. Multivariate regression analysis identified mesenteric (odds
ratio [OR] 9.5, confidence interval [CI] 2.4–37.4; P = 0.0012), cardiac malperfusion (OR 3.7, CI 1.7–8.0; P < 0.0001) and shock (OR 2.1, CI
1.2–3.5; P = 0.007) as significant risk factors for in-hospital mortality after surgery for type A dissection. Patients who presented single-
organ malperfusion had a mortality rate of 34.7%, which increased to 61.9% and to 85.7% if two or more than two organ systems were
involved, respectively.

CONCLUSIONS: The results of the surgical treatment of AAAD are acceptable and mainly influenced by patient’s status at presentation.
Malperfusion of more organ systems makes the prognosis unfavourable and immediate proximal aortic repair may be sub-optimal. In
these situations, alternative management strategies should be considered.
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INTRODUCTION

Acute type A aortic dissection (AAAD) remains one of the most
challenging diseases in cardiothoracic surgery, and despite nu-
merous innovations in medical and surgical management, early
mortality still remains high [1–6]. Various techniques of aortic
repair with similar results have been proposed [1], but the pre-
operative status of the patient represents the most important risk
factor for hospital mortality. Approximately one-third of AAAD

patients manifest pre-operative malperfusion syndrome [1, 7–9]
of various organ systems, and end-organ malperfusion can dra-
matically reduce the chance of successful outcome.
The aim of this study was to review the Emilia-Romagna ex-

perience in the treatment of AAAD and to evaluate the inci-
dence of malperfusion syndrome in these patients. Moreover,
we sought to examine the effect of malperfusion on mortality
and morbidity.

†The list of RERIC investigators is available in the acknowledgements section.
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MATERIALS AND METHODS

Patients

We reviewed the data of 502 patients listed in the Emilia-
Romagna Registry of AAAD between January 2000 and
December 2008. This registry is part of the RERIC (Registro
Emilia-Romagna Interventi Cardiochirurgici), a clinical registry
that includes all the cardiac surgical procedures performed in
the six Cardiac Surgery Departments of the Emilia-Romagna
region. Additional information relevant to the study was
retrieved through record linkage procedures between the
Emilia-Romagna Registry of AAAD and the administrative data-
bases available at the regional level, in particular, with the
regional database of hospital admissions and the regional
mortality registry to identify the patients who died in or out of
the hospital.

All patients underwent surgery on an emergency basis in the
six regional hospitals, and in three of them, more than 100
operations (range 20–151) were performed.

The clinical characteristics of these patients are reported in
Table 1. There were 334 males (66.5%) having a mean age of
62.4 ± 13 years. Hypertension was present in 403 patients
(80.3%), 6 (1.2%) had Marfan syndrome and 9 (1.8%) had a
bicuspid aortic valve.

On admission, 96 patients (19.1%) were in a state of clinical
shock or cardiac tamponade. Clinical shock was defined as sys-
tolic blood pressure <80 mmHg or cardiac index <1.8 l/min/m2.
One hundred and sixty-eight patients (33.5%) had moderate
or severe aortic valve regurgitation diagnosed by transthoracic
and/or transesophageal echocardiography. Thirty patients (6%)
had undergone previous cardiac surgery.

At presentation, various types of malperfusion syndromes
were present in 103 patients (20.5%; malperfusion [MPS] group).

Malperfusion syndrome was defined as the presence of signs
and symptoms due to altered blood flow in an organ system
with clinical evidence of a lack of blood flow, resulting in ischae-
mia with organ dysfunction. Depending on the organ system,
the malperfusion syndromes were classified as cerebral (stroke
or transient ischaemic attack), cardiac (electrocardiographic
changes, creatine kinase or troponin elevation with myocardial
dysfunction), limb (loss of pulse, sensory or motor function with
clinical signs of limb malperfusion), mesenteric (abdominal ten-
derness, bowel paralysis, lactate acidosis with elevation of liver
and pancreatic function tests) and renal (creatinine elevation,
lack of urine output) malperfusion.
Malperfusion syndrome was also confirmed by radiographic

or intra-operative evidence of dissection involving the aortic
branch vessels concerned. A dissection flap in the branch
vessels was not considered to be a malperfusion syndrome
where there was an absence of clinical findings. Cerebral mal-
perfusion occurred in 39 patients (7.8%), coronary malperfu-
sion in 32 (6.4%), limb malperfusion in 32 (6.4%), renal
malperfusion in 14 (2.8%), mesenteric in 12 (2.4%) and spinal
cord malperfusion in 5 (1%). Seventy-five patients (14.9%) had
malperfusion in one organ system, 21 (4.2%) had malperfusion
in two, and 7 (1.4%) had malperfusion in three or more organ
systems.
Three hundred and ninety-nine patients (79.5%; No-MPS

group) did not present pre-operative signs and symptoms of
malperfusion.

Operative technique

The Emilia-Romagna Regional Registry of AAAD includes patients
from different cardiothoracic regional centres as previously
described [10]. Differences in patient management and operative

Table 1: Demographic patient characteristics

All patients (n = 502) MPS group (n = 103) No-MPS group (n = 399) P-value

Age, mean ± standard deviation (SD) 62.4 ± 13.0 61.9 ± 12.0 62.6 ± 13.2 0.6368
Male sex, N (%) 334(66.5) 72(69.9) 262(65.7) 0.4174
Risk factors
Hypertension, N (%) 403(80.3) 81(78.6) 322(80.7) 0.6401
Bicuspid aortic valve, N (%) 9(1.8) 3(2.9) 6(1.5) 0.3377
Marfan, N (%) 6(1.2) 1(1.0) 5(1.3) 0.8146
Shock/cardiac tamponade, N (%) 96(19.1) 40(38.8) 56(14.0) <0.0001

Aortic valve insufficiency
Moderate, N (%) 56(11.2) 15(14.6) 41(10.3) 0.2187
Severe, N (%) 112(22.3) 18(17.5) 94(23.6) 0.1869

Previous cardiac surgery
Aortic valve replacement, N (%) 10(2.0) 2(1.9) 8(2.0) 0.9674
Thoracic aorta, N (%) 5(1.0) 1(1.0) 4(1.0) 0.9771
CABG, N (%) 6(1.2) 1(1.0) 5(1.3) 0.8146
Mitral, N (%) 3(0.6) 0(0.0) 3(0.8) 0.3784
Others, N (%) 6(1.2) 4(3.9) 2(0.5) 0.0048

Site of primary intimal tear
Aortic root, N (%) 55(11.0) 20(19.4) 35(8.8) 0.0020
Ascending aorta, N (%) 346(68.9) 65(63.1) 281(70.4) 0.1530
Aortic arch, N (%) 68(13.5) 12(11.7) 56(14.0) 0.5293
Descending aorta, N (%) 11(2.2) 2(1.9) 9(2.3) 0.8466
Unknown, N (%) 22(4.4) 4(3.9) 18(4.5) 0.7819

MPS group: malperfusion group; No-MPS group: no malperfusion group; CABG: coronary artery bypass grafting.
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techniques are present. Standard median sternotomy was per-
formed in all patients. Arterial access for cardiopulmonary
bypass (CPB) was usually via the femoral artery (411 patients,
81.9%), while the axillary artery was used only in 74 patients
(14.7%).

Three hundred forty-eight patients (69.3%) underwent aortic
repair using the ‘open technique’: in 88 of them (25.3%), the
proximal repair was done with aortic cross-clamping before the
distal anastomosis, while in the remaining 260 patients (74.7%),
the aorta was not clamped at all.

In 154 patients (30.7%), the aortic repair was performed
without circulatory arrest. Myocardial protection was achieved
by crystalloid cardioplegia in 276 patients (55%), while blood
cardioplegia was used in 226 (45%).

Cerebral protection was achieved with deep hypothermic cir-
culatory arrest (DHCA) with a nasopharyngeal temperature of
18–20°C in 83 patients (16.5%), while antegrade selective cere-
bral perfusion (ASCP) was used with mild hypothermia (25–26°
C) in 265 (52.8%).

The extension of aortic repair and associated procedures is
reported in Table 2. After careful inspection, the decision for re-
placement or for conservative treatment of the aortic root with
reconstruction techniques depended on the individual morph-
ology and on the extent of the dissection. In the case of a
dilated root (exceeding 45 mm) or in Marfan patients, the aortic
root was always replaced. Replacement of the aortic arch was
performed when the arch was aneurysmal, ruptured or exten-
sively involved by the intimal tear.

The mean times for CPB, myocardial ischaemia, ASCP and vis-
ceral ischaemia were 171 ± 81, 106 ± 105, 50 ± 34 and 47 ± 35
min, respectively.

The intra-operative data for both groups are shown in Table 2.
There were no significant differences between the groups except

for the use of DHCA and coronary artery bypass grafting (CABG)
as associated with procedures and the duration of CPB.

Follow-up

All hospital survivors were available for follow-up and every
patient had at least one computed tomography scan performed
within 1 year from the operation. Follow-up information was
obtained by direct examination or by correspondence with the
patient.

Statistical analysis

Characteristics of the patients with and without malperfusion
syndrome were compared with χ2 and Mann–Whitney U-tests.
The association between pre-operative characteristics and
in-hospital mortality was expressed as odds ratio and the statis-
tical significance assessed through the Mantel–Haenszel χ2 test.
The variables significantly associated (P < 0.05) with mortality

onset were subsequently included into two logistic regression
models. In one model, malperfusion was considered as a dichot-
omous variable. In the second model, to better evaluate the
effect of the various types of organ malperfusion, the malper-
fused organ systems were inserted as separate variables. The
goodness of fit of the logistic models was assessed with the
Hosmer–Lemeshow test and the C-statistic [11]. The incidence
of post-operative complications in both groups of patients (ex-
cluding intraoperative deaths) was assessed using the Mantel–
Haenszel χ2 test.
Kaplan–Meier crude estimates of the cumulative incidence of

mortality at 5 years in both study groups were compared

Table 2: Intraoperative patient characteristics

Intraoperative characteristics All patients (n = 502) MPS group (n = 103) No-MPS group (n = 399) P-value

Operative procedures
DHCA, N (%) 83(16.5) 34(33.0) 49(12.3) 0.0018
ASCP, N (%) 265(52.8) 57(55.3) 208(52.1) 0.5617
Blood cardioplegia, N (%) 226(45) 49(47.6) 177(44.4) 0.2360
Crystalloid cardioplegia, N (%) 276(55) 60(58.3) 216(54.1) 0.6242
Femoral cannulation, N (%) 411(81.9) 85(82.5) 326(81.7) 0.8477
Axillary cannulation, N (%) 74(14.7) 15(14.6) 59(14.8) 0.9546

Extension of replacement
Ascending aorta, N (%) 265(52.8) 58(56.3) 207(51.8) 0.930
Hemiarch, N (%) 156(31.1) 27(26.2) 129(32.3) 0.2325
Total arch, N (%) 81(16.1) 18(17.5) 63(15.8) 0.6790
Supra-aortic vessel reimplantation, N (%) 82(16.3) 21(20.4) 61(15.3) 0.2127

Associated procedures
Bentall procedure, N (%) 110(21.9) 22(21.4) 88(22.1) 0.8793
David procedure, N (%) 8(1.6) 1(1.0) 7(1.8) 0.5722
CABG, N (%) 24(4.8) 12(11.7) 12(3.0) 0.0002
Mitral valve, N (%) 5(1.0) 2(1.9) 3(0.8) 0.2792

Circulation time
CPB time (min), mean ± SD 171.3 ± 80.6 185.2 ± 91.0 167.6 ± 77.4 0.0513
Myocardial ischaemia time (min), mean ± SD 105.7 ± 105.4 99.0 ± 43.5 107.4 ± 116.0 0.5019
ASCP time (min), mean ± SD 50.0 ± 33.6 50.4 ± 42.2 49.8 ± 30.8 0.9036
Visceral ischaemia time (min), mean ± SD 47.3 ± 34.6 47.5 ± 44.4 47.2 ± 31.0 0.9556

MPS group: malperfusion group; No-MPS group: no malperfusion group; DHCA: deep hypothermic circulatory arrest; ASCP: antegrade selective cerebral
perfusion; CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass.
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through the log-rank test [12]. All statistical analyses were carried
out using SAS software, version 9.1 (SAS Institute, Cary, NC,
USA).

RESULTS

Overall, in-hospital mortality was 20.9% (105 patients); it was
lower in the three centres in which more than 100 operations
were performed (19.1 vs 27.2%; P = 0.058).

The in-hospital mortality rate was 43.7% (45 of 103) in the
MPS group and 15% (60 of 399) in the No-MPS group; the dif-
ference was statistically significant at univariate analysis
(P = 0.001). Intra-operative mortality was significantly higher in
the MPS group (16.5 vs 3.8%, P < 0.001).

Univariate analysis showed that age, coronary, intestinal and
renal malperfusion, limb ischaemia, re-operation and pre-
operative cardiogenic shock were also significantly associated with
in-hospital mortality. At multivariate analysis, malperfusion syn-
drome (OR = 2.4, P = 0.0006), previous cardiac operation (OR = 6.7,
P = 0.0347) and pre-operative shock (OR = 0.2.3, P = 0.0018) were
found to be independent risk factors for in-hospital mortality
(C-statistic = 0.74; Hosmer–Lemeshow test, P = 0.38). When
malperfusion of a specific organ system was inserted into the
logistic model, coronary and mesenteric malperfusion and pre-
operative shock resulted as risk factors for in-hospital mortality
(C-statistic = 0.74; Hosmer–Lemeshow test, P = 0.65; Table 3).

The mean time of hospitalization was 17.7 ± 26.5 days without
significant differences between the groups.

Post-operative complications are reported in Table 4.
Seventy-seven patients (15.3%) required prolonged mechanical
ventilation. Post-operative stroke occurred in 44 patients (8.8%):
9 of them had pre-operative brain malperfusion, while it was a
new cerebral event in 35. Sixty-two patients (12.3%) had transi-
ent neurological deficits (TND): in 8 of them, pre-operative brain
malperfusion was present. Post-operative myocardial infarction
occurred in 12 patients (2.4%). Post-operative renal failure
was found in 65 patients (12.9%), while 72 (14.3%) underwent
re-exploration for bleeding.
Post-operative complications occurred more frequently in

patients with pre-operative malperfusion. The incidences of
post-operative stroke (16.5 vs 6.7%; P < 0.001), post-operative
acute myocardial infarction (6.8 vs 1.2%; P = 0.008) and renal in-
sufficiency (24.2 vs 10%; P < 0.001) were significantly higher in
the MPS group (Table 4). There were no differences in the inci-
dences of TND and bleeding between the groups.
During a mean follow-up time of 41.4 months, there were 59

deaths. The actuarial survival rate of the overall population was
72.3 ± 2.1% and 65.3 ± 2.4% at 1 and 5 years, respectively. At 5
years, long-term survival was significantly lower in patients with
organ malperfusion syndrome than in patients without organ
malperfusion (45.4 vs 70.2%; P < 0.001; Fig. 1). Late survival was
also influenced by the type of pre-operative organ system mal-
perfusion. Patients with mesenteric malperfusion had the worst
long-term prognosis, with a survival rate of 10% at 5 years.
Five-year survivals of patients with renal and cardiac malperfu-
sion were 15.4 and 28.2%, respectively. Patients who had cere-
bral malperfusion had a 5-year survival of 57.1%.

Table 3: Univariate and multivariate analyses of in-hospital mortality

Variable Univariate analysis Multivariate analysis

First model Second model

OR P-value OR P-value OR P-value

Age 1.02 0.083
Previous cardiac surgery 7.8 0.0057 6.7 0.0347
Shock 2.7 <0.0001 2.3 0.0018 2.1 0.007
Malperfusion 3.6 0.001 2.4 0.006
Coronary malperfusion 4.3 <0.001 3.7 <0.0001
Renal malperfusion 7.3 0.0001
Mesenteric malperfusion 12.3 <0.0001 9.5 0.0012
Limb ischaemia 2.4 0.0179

Table 4: Post-operative complications

All patients (n = 502) MPS group (n = 103) No-MPS group (n = 399) OR (MPS vs No MPS) P-value

Stroke, N (%) 44(8.8) 17(16.5) 27(6.7) 3.5 <0.001
Transient neurological deficit, N (%) 62(12.3) 11(10.6) 51(12.7) 0.98 0.9637
AMI, N (%) 12(2.4) 7(6.8) 5(1.2) 4.8 0.008
Renal insufficiency, N (%) 65(12.9) 25(24.2) 40(10) 3.9 <0.001
Prolonged ventilation >144 h, N (%) 77(15.3) 21(20.3) 56(14) 1.9 0.0198
Bleeding, N (%) 72(14.3) 15(14.5) 57(14.3) 1.24 0.4885

MPS group: malperfusion group; No-MPS group: no malperfusion group; AMI: acute myocardial infarction.
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During follow-up, 14 patients (3.5%) underwent re-operation
on the thoracic or thoraco-abdominal aorta. Freedoms from
re-operation were 98.6 ± 2.3 and 96.6 ± 2.9% at 1 and 5 years,
respectively.

DISCUSSION

In recent decades, the outcome of patients after surgical repair
for AAAD has improved considerably, but the mortality rate is
still high [1–6]. These improvements are mainly related to
improvements in technology and strategies for CPB and organ
protection (myocardial and brain), such as improvement in in-
tensive care management.

The first objective of our study was to evaluate the experience
in our region regarding the treatment of acute aortic dissection.
It was found that, even if the period was limited to a few years,
the approaches to this pathology are extremely different in each
centre, mainly depending on surgeon preference.

The main cannulation site was the femoral artery (81.9%),
while axillary artery cannulation was used in only 14.7% of the
patients. Even today, due to ease of access, size and ability to
achieve adequate flow, the femoral artery remains one of the
main preferred cannulation sites [1]. However, even if the super-
iority of specific cannulation techniques has not been clearly
demonstrated, antegrade systemic perfusion should be preferred,
because intra-operative malperfusion may occur anytime during
retrograde perfusion through the femoral artery.

Regarding the technique of aortic replacement, current con-
sensus favours open distal anastomosis [1], but some surgeons,
when they find the intimal tear in the ascending aorta, still
prefer the cross-clamping technique disregarding secondary
tears that are frequently located in the aortic arch. In our experi-
ence, one-third of the patients (30.7%) underwent aortic repair
using the cross-clamping technique.

The presence of malperfusion did not influence the operative
management (cannulation site, aortic cross-clamping, extension

of aortic replacement, etc.) except for the use of DHCA, which
was more frequently used in malperfused patients (33 vs 12.3%,
P = 0.0018). Moreover, no significant differences were found in
the operative management even between the various centres.
Those different surgical approaches were not associated

with significant differences in early mortality and morbidity.
Furthermore, it could not be demonstrated that a more conservative
approach (closed distal anastomosis) was associated with a higher
re-operation rate during the follow-up. This was probably related
to the limited follow-up time; in a short period of time, dilatation
of the false lumen may not have required further aortic repair.
The rate of Marfan patients treated for AAAD was very low

(1.2%), compared with a recently published series in which the
incidence ranges from 4.5 to 5.3% [2, 5, 8, 13], even if the preva-
lence of Marfan syndrome in the Emila-Romagna (0.4 per
10 000 people) is comparable with that reported in the literature
[14]. This may probably be due to a more aggressive surgical
policy for those patients in the centres of our region. Usually, in
these patients, aortic repair is performed at an earlier stage of
aortic dilatation (ascending aortic diameter of 4.5 cm).
Another purpose of the study was to analyse the impact of

organ malperfusion (and each category) on hospital morbidity
and mortality in patients affected by AAAD. Several studies
demonstrated that the patients’ status at presentation is the main
factor affecting post-operative outcome [2, 7–9].
The International Registry of Acute Aortic Dissection [2]

showed predictors of hospital mortality following repair of type
A acute aortic dissection to be pulse deficit, aortic rupture with
pre-operative hypotension, shock or cardiac tamponade and
signs of acute myocardial ischaemia.
The pre-operative characteristics of our patients with and

without organ malperfusion were similar except for shock or
cardiac tamponade, which was significantly higher in patients
with pre-operative organ malperfusion than in patients without
(38.8 vs 14%; P < 0.001).
The location of the primary intimal tear seems to play a role

in the genesis of malperfusion, above all, in the coronary and
cerebral systems. In fact, patients with malperfusion syndrome
had a primary intimal tear more frequently located at the level
of the aortic root (19.4 vs 8.8%: P = 0.002), probably because, in
these cases, the coronary arteries and supra-aortic vessels were
more likely to be involved by the dissection. Contrary to other
reports [1, 15], we were not able to demonstrate any correlation
between the location of the intimal tear in the arch or in the
descending aorta and distal malperfusion (mesenteric, renal,
etc.). However, although the extension of aortic replacement was
similar in MPS and no-MPS groups, total arch replacement was
more frequently performed in patients with mesenteric (41.7 vs
15.5%, P = 0.015) and renal (35.7 vs 15.6%, P = 0.044) malperfu-
sion. We can assume that in these patients, although the tear
was more often located in the ascending aorta, the arch such as
the proximal descending aorta were involved by intimal rupture
predisposing the development of malperfusion.
Another feature was that patients with malperfusion required

CABG more frequently than the others (11.7 vs 3%; P = 0.0002)
in order to resolve myocardial ischaemia.
In our region, the results of surgical treatment of AAAD are

comparable with those reported in the literature [1–6, 13, 16, 17];
we had an overall in-hospital mortality rate of 21% with slightly
better results in high-volume centres (19.1 vs 27.2%, P = 0.058).
We also clearly confirmed that mortality is mainly related to
pre-operative organ malperfusion; it was significantly higher in

Figure 1: Kaplan–Meier survival curves for patients with or without organ
system malperfusion.
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the MPS group than in the No-MPS group (43.7 vs 15%;
P < 0.001).

Furthermore, not only the presence of malperfusion, but also
the type and number of system organs malperfused influenced
post-operative mortality. Patients who presented single-organ
malperfusion had a mortality rate of 34.7% (26 of 75 patients),
which increased to 61.9% (13 of 21 patients) if two organ
systems were involved. Patients with malperfusion of three or
more organ systems had a mortality rate that reached 85.7%
(6 of 7 patients).

According to the literature [9], long-term survival was found to
be influenced by the type of pre-operative malperfusion. Intestinal,
renal and cardiac malperfusion were associated with the worst
long-term survival (10, 15.4 and 28.2%, respectively at 5 years).

SYSTEM ORGAN MALPERFUSION

Brain malperfusion is not a rare finding in acute aortic dissection
and its incidence ranges from 7.2 to 14% [1, 2, 7–9]. It has been
reported to be an important risk factor for in-hospital mortality,
with associated mortality reaching 50% [8]. In our study, cerebral
malperfusion occurred in 7.8% of the patients, and it was the
most frequently involved organ system. We were not able to
demonstrate that cerebral malperfusion was an independent
risk factor for mortality, even if these patients had a higher
in-hospital mortality rate than the other patients (28.2 vs 20.4%;
P = 0.250) and, certainly, it has to be considered as a severe risk
factor. The cerebral protection method can influence the neuro-
logical outcome of patients with pre-operative brain malperfu-
sion limiting the progression of cerebral damage. ASCP, that
represents the best method of cerebral protection during open
arch surgery [18], was used in all our cases with pre-operative
brain malperfusion and it may have played a role in limiting the
cerebral damage.

DHCA with the aid of retrograde cerebral perfusion [8] may
not offer the same sufficient cerebral protection in this kind of
patients.

Patients with pre-operative brain malperfusion have a higher
risk of post-operative stroke which, in the present study, was
found to be 23% (9 of 39 patients) in patients with brain malper-
fusion, significantly higher than in the remaining 463 patients
without brain malperfusion (7.6%). Moreover, in comparing the
MPS and the No-MPS group, the incidence of stroke in the post-
operative course was significantly higher in the first group (16.5
vs 6.7%; P < 0.001). However, the duration and the extension of
cerebral malperfusion before surgery are the most important in-
fluencing factors for the neurological outcome and post-
operative course of the patient.

Coronary malperfusion occurred in 6.4% of our overall popu-
lation (32 of 502 patients), with a similar incidence to that
reported in the literature. This group of patients had a post-
operative acute myocardial infarction rate of 15.6% with an
in-hospital mortality of 50%. On the other hand, post-operative
acute myocardial infarction occurred in only 1.5% of patients
without pre-operative coronary malperfusion (7 of 470 patients).
Moreover, comparing the MPS and the No-MPS groups, the in-
cidence of post-operative myocardial infarction was significantly
higher in the MPS group (6.8 vs 1.2%; P = 0.008). Multivariate
analysis confirmed coronary malperfusion as a risk factor for
hospital mortality (OR% 3.7, CI 1.7–8.0; P < 0.001). We believe
that, in patients with myocardial malperfusion, prompt surgical

intervention is recommended in order to achieve early myocar-
dial perfusion restoration. Moreover, as it has been well reported
in the literature [19], these patients more often require a root re-
placement with coronary ostia reimplantation, associated either
with CABG or not.
In our population, CABG was more frequent in patients with

coronary malperfusion; however, none underwent the Bentall
procedure.
Mesenteric malperfusion with ischaemia is one of the sneaki-

est and devastating complications in patients with type A aortic
dissection. Fortunately, mesenteric ischaemia is a rare complica-
tion of type A aortic dissection, occurring in <2.5% of patients [1,
2, 7–9]. Clinical presentation is not uniform and patients may or
may not have abdominal pain.
The lack of immediate symptoms can delay diagnosis and

management. In our population, the incidence of mesenteric
malperfusion was 2.4% and it was associated with a post-
operative hospital mortality rate of 70%. Multivariate analysis
also demonstrated that mesenteric malperfusion was an inde-
pendent risk factor for mortality.
Although a lack of consensus exists, mesenteric malperfusion

may be addressed prior to definitive aortic repair, above all,
when it is clinically evident.
Improvement in results has been reported when the malper-

fusion was initially addressed with intensive medical manage-
ment associated or not with revascularization procedures and
staged aortic repair [20]. Various revascularization procedures
have been demonstrated to be effective in resolving malperfu-
sion. In the case of dynamic mesenteric malperfusion, stenting
of the descending thoracic aorta can be effective [21, 22]. We
successfully treated 3 patients, who had persistent mesenteric
malperfusion after surgical repair, with thoracic endografting. In
other cases of visceral malperfusion with a dynamic/static mech-
anism, percutaneous or surgical fenestration can be used with
good results [23, 24]. We have very limited experience with this
technique, and it was used in only 1 case in the current series.
Renal malperfusion occurred in 2.8% of our overall population;

46.2% of them developed post-operative renal insufficiency and
the mortality rate was extremely high, reaching 64.3%. At uni-
variate analysis, renal malperfusion was a risk factor for hospital
mortality (OR% 9.5, CI 2.4–37.4; P = 0.0001).
As reported by other authors [2, 7–9], it is difficult to define pre-

operative renal insufficiency; in fact, a variety of causes can lead to
it, such as involvement of the renal artery by the dissection or not.
Spinal cord malperfusion has always resulted in permanent

neurological damage. Due to the small number of cases in our
population (5 patients), it was difficult to draw a definite conclusion
regarding the reversibility of paraplegia and its clinical relevance.
In our opinion, the Emilia-Romagna Registry can be consid-

ered a good source for studying and analysing a large group of
patients with type A acute aortic dissection. However, it presents
several limitations. Data were collected retrospectively, and some
clinical features were excluded from analysis because of incom-
pleteness. Moreover, different operative protocols among sur-
geons and centres and the absence of patient randomization
can be considered to be further limitations.

CONCLUSIONS

The results of AAAD surgical treatment can be considered ac-
ceptable in terms of hospital mortality and morbidity and in line
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with the experience of other authors but, despite major progress
in surgical treatment during the last decade and earlier and
more accurate diagnoses, it still remains doubtful.

Patient status at presentation represents an important predict-
ive factor for post-operative outcome, and the presence of
pre-operative mesenteric malperfusion is the most devastating
condition. Furthermore, malperfusion of more organ systems
makes the prognosis really unfavourable, and immediate prox-
imal aortic repair may be sub-optimal. In these situations, in
addition to immediate aortic repair, alternative management
strategies should be considered.
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