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Background

Treatment of  aneurysms of  the ascending aorta, arch aorta, or 
both are surgically challenging and has traditionally carried a high 
hospital mortality rate [1-5]. The development of  low porosity 
or impermeable grafts [6], the introduction of  hypothermic cir-
culatory arrest with anterograde or retrograde cerebral perfusion 
[7], enhanced intraoperative myocardial protection, and improved 
hematologic treatment have resulted in reduced hospital mortal-
ity and morbidity rates. Moreover, advances in diagnostic studies, 
like, computed tomographic scanning [8,9], magnetic resonance 

imaging [10,11] and transesophageal echocardiography [12,13], 
as well as better patient selection have contributed to improved 
results [14]. 

Patients and Methods

Patient Population

We conducted a prospective analysis of  74 consecutive patients 
who underwent surgical procedures for graft replacement of  the 
ascending aorta or transverse aortic arch in the period between 
January 2011 and January 2014. We used different types of  statis-
tical tests to analyze the data: Mann Whitney test, Chi Square test 
and Logistic Binary Regression test (for odds ratio).

In this patient population there were 58 men (78.4%) and 16 
women (21.6%). The mean age was 55.3±9.8 years (range 30 – 74 
years). Minimal age was 30 years (1 patient) and maximal age was 
74 years (1 patient). Etiology of  the aneurysm was medial degen-
eration in 44 patients (59.5%), bicuspid aortic pathology in 28 
patients (37.8%) and aortic dissection in 2 patients (2.7%). Fifteen 
patients (20.3%) were operated on an emergency basis for aortic 
dissection. Other data related to this patient cohort are shown in 
the following table 1.

We can highlight that the prevalence of  smoking was 21.6% and 
the prevalence of  arterial hypertension was, as expected, much 
higher up to 63.5%. On the other hand 6.8% of  the patients suf-
fered from diabetes mellitus and 12.2% from dislipidemia. 
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Table 1. Preoperative characteristics of  the patient popula-
tion

Characteristic Patients
Number Percentage

Mean Age 55.3 ± 9.8
Age Group
30-39 years
40-49 years
50-59 years
60-69 years
≥70 years

5
14
25
27
3

6.8
18.9
33.8
36.5
4.1

Sex
Male
Female

58
16

78.4
21.6

Surgery
Elective
Emergency

59
15

79.7
20.3

Etiology
Degenerative
Bicuspidia
Dissection

44
28
2

59.5
37.8
2.7

Diabetes Mellitus 5 6.8
Arterial hypertension 47 63.5
Smoking 16 21.6
Low ejection fraction 7 9.5
Dilated left ventricle 31 41.9
Aortic valve
Stenosis
Regurgitation
Both

27
44
11

36.5
59.5
14.9

Coronary disease 9 12.2
Aortic arch involvement 9 12.2

Most of  the patient was diagnosed with an aneurysm of  the tho-
racic aorta because of  the aortic valve pathology related symp-
toms. In the following table 2 are shown the causes which brought 
to a diagnosis of  ascending aorta aneurysm. 

Table 2. Patient distribution according to the cause of  
diagnosis

Data Number Percentage
History
Aortic stenosis
Aortic regurgitation
Routine check up
Dissection
Arrhythmias
CAD
Pain
Coarctation

23
24
5
13
3
3
2
1

31.1
32.4
6.8
17.6
4.1
4.1
2.7
1.4

CAD: Coronary  Artery Disease

Operative technique

Median sternotomy where the surgical approach of  choice in all 
patients, except two of  them, in whom was released partial ster-
notomy “J” to the fourth intercostal space. Arterial calculation 

was done in the distal ascending aorta, femoral artery or axillary 
artery, depending on the extent of  the pathology and the venous 
cannulation was achieved via the right atrial appendage with a dual 
stage cannula. Moderate hypothermia in 30º C was generally used 
during the extracorporeal circulation. In cases of  hypothermia 
circulatory arrest with retrograde cerebral perfusion the body was 
cooled down to 18º C, and in cases with anterograde cerebral per-
fusion to 24-26º C. Anterograde mixed cold blood cardioplegia 
was used as myocardial protection every 20 minutes. 

The choice of  the surgical technique was done according to the 
extent of  the aneurysmal disease, involvement of  the coronary 
sinuses in the process and the situation of  the aortic valve. In case 
of  a normal aortic valve, we replaced only the ascending aorta 
with a prosthetic graft. If  the coronary sinuses were not dilated, 
separate replacement of  the aortic valve and ascending aorta was 
done. The basic procedure applied when we had to deal with the 
aortic root was the modified Bentall procedure. In some cases we 
replaced also totally or partially the aortic arch due to its involve-
ment in the pathology (dilatation or dissection).

Results

Operative data

The ascending aorta was replaced in 69 patients (93,2%) and pli-
cated in 5 patients (6.8%). Ascending aorta and aortic arch were 
replaced in 9 patients (12.1%). 17 patients had only ascended aor-
tic procedure, 35 patients had separate aortic valve and ascend-
ing aorta replacement (47.3%), and 18 patients (24.3%) received 
a valved conduit (Modified Bentall procedure). Concomitant by-
pass grafting was performed in 9 patients. 

Mean cross-clamp and cardiopulmonary bypass times were 
115.38±41.19 min and 143.26±55.79 min respectively.

Hospital Morbidity Rate

The main complications observed in the immediate postoperative 
period are shown in the following table 4.

We had also a case of  acute cardiac tamponade and one case of  
gastric perforation. 

In the following table 5 are shown relationships between some 
of  the complications and selected variables calculated by logistic 
binary regression test.

Hospital Mortality Rate

The hospital mortality rate was 3.38% (2 out of  59 patients) in 
the elective surgery group, 26.67% in the emergency group (4 out 
of  15) and the overall hospital mortality was 8,1% (6 out of  74 
patients). In the following table 6 are shown the causes of  in-
hospital deaths.

In the following table 7 are shown the risk factors for early hos-
pital mortality, according to the statistical analysis with the binary 
logistic regression test.

We can note that the main predictive factors for early mortality 
are long cross-clamp and bypass times, low hematocritis during 
extracorporeal circulation, circulatory arrest application and its 
prolonged time.
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Table 3. Patient distribution according to the operational data 

Variable Total Sex P value
Male Female

Cannulation
Femoral
Aortic
Auxiliary

14 (16.6) *
57 (79.2)
3 (4.2)

10 (17.9)
45 (80.4)
1 (1.8)

4 (12.5)
12 (75.0)
2 (12.5)

0.158 †

Surgical Procedure
Ascending aorta replacement
Asc. aorta+ Aortic valve replacement
Modified Bentall Procedure
David Procedure
Right coronary sinus resection

17 (23.0)
35 (47.3)
18 (24.3)
2 (2.7)
2 (2.7)

9 (15.5)
30 (51.7)
16 (27.6)
1 (1.7)
2 (3.4)

8 (50.0)
5 (31.3)
2 (12.5)
1 (6.3)
0 (0.0)

0.036

Arch involvement
No
Yes

65 (87.8)
9 (12.2)

51 (87.9)
7 (12.1)

14 (87.5)
2 (12.5)

0.963

Combined procedure (CABG)
No
Yes

65 (87.8)
9 (12.2)

49 (84.5)
9 (15.5)

16 (100.0)
0 (0.0)

0.093

* Number of  individuals and percentage in brackets, † P value according to chi square test
CABG: coronary artery bypass grafting

Table 4. Postoperative complications in total and divided according to sex

Variable Total Sex P value
Male Female

Arrhythmia (AF)
No
Yes

 
 61 (82.4) *
13 (17.6)

48 (82.8)
10 (17.2)

13 (81.3)
3 (18.8)

0.888†

Complete AV block
No
Yes

71 (95.9)
3 (4.1)

55 (94.8)
3 (5.2)

16 (100.0)
0 (0.0)

0.353

Low cardiac output
No
Yes

69 (93.2)
5 (6.8)

55 (94.8)
3 (5.2)

14 (87.5)
2 (12.5)

0.301

Stroke
No
Yes

71 (95.9)
3 (4.1)

56 (96.6)
2 (3.4)

15 (93.8)
1 (6.3)

0.615

Cerebral edema
No
Yes

69 (93.2)
5 (6.8)

55 (94.8)
3 (5.2)

14 (87.5)
2 (12.5)

0.301

Mediastinitis
No
Yes

71 (95.9)
3 (4.1)

55 (94.8)
3 (5.2)

16 (100.0)
0 (0.0)

0.353

Respiratory failure
No
Yes

65 (87.8)
9 (12.2)

49 (84.5)
9 (15.5)

16 (100.0)
0 (0.0)

0.093

Renal failure
No
Yes

71 (95.9)
3 (4.1)

55 (94.8)
3 (5.2)

16 (100.0)
0 (0.0)

0.353

Revision for bleeding
72 (97.3)
2 (2.7)

56 (96.6)
2 (3.4)

16 (100.0)
0 (0.0)

0.451
No
Yes
Pericardial effusion

65 (87.8) *
9 (12.2)

51 (87.9)
7 (12.1)

14 (87.5)
2 (12.5)

0.963†

No
Yes

* Number of  individuals and percentage in brackets, † P value according to chi square test
AF: Atrial Fibrillation, AV: Atrioventricular
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Table 5. Relationship between some of  the complications and selected variables

Variable Low CO Stroke Resp. Failure Medias-
tinitis

AF

Age 0.732† 0.211 0.234 0.806 0.305
Sex 0.351 0.533 - - 0.96
Smoking 0.696 - 0.686 0.825 0.862
Diabetes - - 0.138 0.011 0.276
Emergency 0.008 0.046 0.59 0.631 0.243
Low EF 0.433 - - - 0.043
Dilated LV 0.345 - 0.91 0.891 0.324
Procedure
Asc. Aorta replacement
Asc. aorta+aortic valve
Bentall operation 

0.74
-
-

0.87
0.265
-

0.716
0.18
-

-
-
-

-
-
-

Cross clamp time 0.012 0.108 0.178 0.917 0.694
CPB time 0.009 0.087 0.341 0.151 0.773
Hct 0.008 0.185 0.658 0.85 -
Circulatory arrest
Time of  CA

0.012
0.011

0.035
0.09

0.329
0.598

0.264
0.063

0.021
-

† P value for every variable according to a model adjusted for sex and age AF: atrial fibrillation
LV: left ventricle, Hct: hematocritis, CPB: cardiopulmonary bypass, CA: circulatory arrest

Table 6. Causes of  intrahospital deaths

Pts Age Sex Procedure Diagnosis Cause of  Death
1 66 F ascending+  arch aorta Acute dissection Bleeding
2 52 M ascending+  arch aorta Acute dissection Multiorgan failure
3 64 M ascending+  arch aorta chronic  dissection sepsis
4 56 M ascending+  arch aorta Acute dissection stroke, Renal failure
5 45 M ascending  aorta Aortic aneursym Intraoperative AMI
6 64 F ascending  aorta Acute dissection stroke

Table 7. Relationship between mortality and risk factors (Binar Logistic Regression)

Risk Factors Model adjusted for age and sex
OR (95% CI) P value

Emergency 19.99 (2.15-185) 0.008
Low ejection fraction 2.09 (0.19-22.85) 0.543
Dilated left ventricle 0.26 (0.03-2.38) 0.231
Cross-clamp time 1.05 (1.01-1.08) 0.006
Bypass time 1.05 (1.01-1.08) 0.008
Hematocrit during CPB 0.48 (0.29-0.81) 0.005
Circulatory arrest
Yes 24.82 (3.13-196) 0.002
No 1.00 (reference)
Circulatory arrest time 1.06 (1.02-1.10) 0.002
Combined procedure 
(CABG)

 5.85 (0.64-53.22) 0.117

Revision for bleeding 40.8 (1.4-1152) 0.029

OR: Odds Ratio, CI: Confidence Interval
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Follow up

Follow up data were collected from 63 patients (92.6%). The 
follow up ranged from 59 days to 3.17 years with a mean of  
16.35±11.77 months. All the patients were examined by echo-
cardiography and some of  them by computed tomography. At 
the completion of  the follow up all the hospital survivors (100%) 
were alive and without any important complications. Two patients 
had minimal prosthetic leaks and one patient dilatation of  the 
aortic root, without a surgical indication in all of  the cases.

Discussion

Early Mortality

Contemporary and modern surgical treatment of  the ascending 
aorta and aortic arch aneurysms has significantly improved early 
and long term results. But, these results vary according to differ-
ent authors [1-5]. However, some of  the series excludes cohorts 
of  high risk patients [15]. 

Mortality in elective surgery ranges from 2 to 5% and in emergen-
cy surgery goes sometimes beyond 20 % [16]. IRAD consortium 
which includes a group of  studies, reports a dramatic increase up 
to 20% in the early mortality of  acute aortic dissection patients 
[17]. But these results can be highly improved in the excellent 
surgical centers [7,8,18]. 

According to these data we can say that we have very good results 
in elective surgery and acceptable results in emergency surgery 
for acute aortic dissection. However, the comparison is very dif-
ficult because of  the heterogeneity of  the patient groups. Some 
of  the series does not report emergency cases and redo cases, 
meanwhile there is a great variation in the arch replacement be-
tween the groups. 

The main reported cause of  hospital mortality is cardiac failure, 
followed by bleeding and respiratory failure [19-23]. 

Emergency surgery is the clearest predictive factor for early mor-
tality [24-26]. Other reported predictive factors of  hospital mor-
tality include advanced age [22,24,25], long cardiopulmonary by-
pass time [21,22], previous cardiac operation [23,24] and the need 
for simultaneous coronary bypass surgery.

We attribute these results to the growing experience of  the surgical 
team, an aggressive treatment in the preoperative and postopera-
tive period and the application of  improved surgical techniques. 
Careful preoperative evaluation of  pulmonary function and ap-
propriate medical treatment before surgical intervention has al-
lowed us to treat potential respiratory problems more effectively. 
The usage of  transesophageal echocardiography avoids contrast 
material in patients with marginal renal function and in cases of  
acute dissection, it allows for more rapid surgical intervention. In 
addition, the use of  transesophageal echocardiography interpre-
tive aids in selecting the aortic cannulation site, documenting the 
success of  aortic valve repair, assessing the adequacy of  daring 
techniques, and evaluating ventricular function when cardiopul-
monary bypass is discontinued.

We prefer the Bentall button technique because it is more ana-
tomically correct and prevents suture line tension. The Bentall 
button technique for reimplanting the coronary Ostia as opposed 

to the classic Bentall or Cabrol technique avoids reported com-
plications of  false aneurysm formation [27] and graft thrombosis 
[5,15]. 

Stroke

Stroke is one of  the most important complications of  aortic an-
eurysm surgery associated high morbidity and mortality. We had 3 
patients (4.1%) with stroke in the early postoperative period, and 
it is a good value compared with other groups of  patients in the 
literature.

Nowadays, cerebral protection is considered a key factor in the 
prevention of  stroke after this type of  surgery. Although there 
is a wide consensus that anterograde cerebral perfusion is supe-
rior to retrograde perfusion and deep hypothermia, some studies 
demonstrate that for short periods of  time up to 30 minutes, the 
method of  cerebral protection is not important [28,29]. Despite 
this, our team is oriented in applying as much as possible the se-
lective cerebral perfusion in cases of  circulatory arrest. Unfortu-
nately, the number of  patients (7 pts with anterograde cerebral 
perfusion, 3 points with retrograde cerebral perfusion) which un-
derwent circulatory arrest was too small to allow statistical analy-
sis in our series. 

Conclusions

Surgery of  the ascending aorta and aortic arch can be performed 
with low morbidity and mortality rates at our clinic in Albania. 
Surgical techniques include all the spectrums of  the routine pro-
cedures applied nowadays widely. Avoidance of  the modifiable 
risk factors can also contribute to better early results. Experience 
is necessary to improve the results in emergency surgery for acute 
aortic dissection. We have to follow up this population of  patients 
to evaluate long term survival and morbidity.
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