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Abstract
Introduction: Open aortic arch surgery is a complex cardiac surgical procedure.
Aim: We reviewed the 10-year outcomes of elective aortic arch aneurysm surgery in a single cardiac surgical center. 
Material and methods: The analysis includes all patients who underwent elective aortic arch surgery at our institution between 
January 2010 and December 2020. The study population was divided into group A consisting of patients operated on during the 
first 5 years, and group B, including patients operated on during the subsequent 5 years. The groups were compared with regard 
to baseline characteristics, scope of the surgery, operative and postoperative data as well as morbidity and mortality.
Results: Eighty-six elective aortic arch procedures were performed during the analyzed period, including 25 (29%) patients in 
group A and 61 (71%) patients in group B. The hemiarch procedure was more frequently performed in group A (17 patients, 68%) 
in comparison to group B (21 patients, 34%) (p = 0.008). Stroke was recorded in 6 (20%) patients from group A and 5 (8.2%) pa-
tients from group B (p = 0.002). Five-year survival was 60 ±9.8% for group A, and 81 ±6.2% for group B (log-rank test, p = 0.003). 
Conclusions: After completion of the learning curve, open aortic arch surgery is associated with acceptable early mortality, low 
incidence of stroke, and a high 5-year survival rate.
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Introduction

Open aortic arch surgery represents one of the most 
complex and demanding fields in modern adult cardiac sur-
gery. Surgical treatment of isolated aortic arch aneurysms, 
or those co-existing with diseases of other segments of the 
aorta, is technically challenging, particularly when classical 
surgical techniques have to be supplemented with endo-
vascular procedures. As aortic arch surgery requires tem-
porary circulatory arrest, adequate protection of the cen-
tral nervous system is of paramount importance to avoid 
complications associated with brain ischemia [1]. Several 
reports on the outcomes of open aortic arch surgery have 
been published in recent years. Most of them originate 
from large centers, with high patient output and multi-year 
experience in this field [2]. Nevertheless, data are scarce on 
whether open aortic arch surgery could be performed with 
reasonable outcomes in smaller, lower-volume centers.

Aim

In this study we reviewed the 10-year outcomes of elec-
tive open aortic arch surgery at our institution, and ana-
lyzed the impact of the surgeons’ learning curve.

Material and methods
We performed a retrospective, observational study on 

patients who underwent elective aortic arch aneurysm sur-
gery in the Department of Cardiac Surgery, Upper Silesian 
Medical Center of the Medical University of Silesia in the 
period from January 2010 until December 2020. Patients 
were referred for elective surgery according to current 
guidelines [3]. The following indications for aortic arch sur-
gery were identified: aortic arch aneurysm, chronic aortic 
dissection, and saccular aneurysm of the aortic arch. 

Patients with coexisting heart disease, requiring ad-
ditional surgical procedures, were not excluded. However, 
patients with acute type A aortic dissection undergoing 
emergency surgery were excluded.

The primary surgery outcome measure was mortality, 
ascertained from 1 or more of the following: patient’s visit 
to the outpatient clinic, telephone contact with the patient 
or patient’s relatives, National Registry of Cardiac Surgical 
Procedures (Krajowy Rejestr Operacji Kardiochirurgicznych) 
(www.krok.csioz.gov.pl). The Krajowy Rejestr Operacji Kar-
diochirurgicznych registry contains the mortality data ob-
tained from the National Health Fund (Narodowy Fundusz 
Zdrowia). Death from all causes was included in the analy-
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sis. To assess the impact of the surgical learning curve the 
study population was divided into group A consisting of 
patients operated on during the first 5 years, and group B, 
including patients operated on during the subsequent  
5 years. The groups were compared with regard to baseline 
characteristics, scope of the surgery, operative and postop-
erative data as well as morbidity and mortality. The local 
Institutional Review Board opinion was requested. They 
decided that the follow-up was not a medical experiment, 
and therefore, their approval was not required (decision 
number KNW/0022/KB/284/17 dated 12 December 2017).

Surgical technique
Surgery was performed via median sternotomy or left 

lateral thoracotomy. The selection of one of the arterial ac-
cesses for cardiopulmonary bypass (CPB) (ascending aorta 
vs. aortic arch vs. brachiocephalic trunk vs right or left com-
mon carotid artery vs femoral artery) depended on the 
extent of aneurysm and/or dissection, the planned extent 
of the repair, as well as the cerebral protection method, and 
was left to the discretion of the operating surgeon. The right 
atrium was used for blood drainage for CPB. Depending on 
the central nervous system protection technique imple-
mented during circulatory arrest, the patient was cooled to 
17°C (deep hypothermic circulatory arrest – DHCA) or 26°C 
when selective brain perfusion was used. The patients’ body 
temperature was measured simultaneously in the esopha-
gus and in the bladder. One of the 3 types of cardioplegic 
regimens was used: cold del Nido cardioplegic solution, cold 
blood cardioplegic solution (4 : 1 ratio) and cold miniplegia.

One of the following techniques was used for central 
nervous system protection:
• deep hypothermic circulatory arrest (DHCA) [4],
• moderate hypothermia with circulatory arrest and selec-

tive antegrade cerebral perfusion (SACP) with monitoring 
of cerebral oxygenation (INVOS 5100C, Medtronic, Dub-
lin, Ireland)) [5],

• in procedures involving the descending aorta, cerebrospi-
nal fluid drainage with monitoring of cerebrospinal fluid 
pressure was performed [6]. 

The patients’ arterial blood pressure was monitored in 
both left and right radial arteries and in one of the femoral 
arteries. 

The scope of aortic arch procedures (open arch surgery):
• partial replacement of the aortic arch (hemiarch) – involv-

ing replacement of the minor curvature of the aortic arch 
[7] (Figure 1 A),

• total arch replacement (TAR) involving aortic arch replace-
ment with concomitant re-implantation of arch vessels 
en-bloc or with separate anastomoses [8] (Figures 1 B, C),

• implantation of a Dacron patch into the base of the sac-
cular aneurysm (Figure 1 D).

Distal anastomosis with the descending aorta was per-
formed end-to-end or in the case of a co-existing descend-
ing aorta aneurysm using the elephant trunk (ET) [9] or 
frozen elephant trunk (FET) technique [10]. The E-vita OPEN 
PLUS (Jotec Inc., Hechingen, Germany) system was used for 
the frozen elephant trunk procedures (Figure 1 B). 

The additional procedures performed on the aorta in-
cluded:
• supracoronary ascending aorta replacement for ascend-

ing aorta aneurysm,
• aortic root replacement with coronary artery re-implanta-

tion (Bentall de Bono technique) or valve sparing aortic 
root replacement (David method or Yacoub method) [11] 
for aortic root aneurysm.

Other concomitant procedures performed included: 
aortic valve replacement/aortic valve repair [12], mitral 
valve replacement/mitral valve repair, tricuspid valve repair, 
coronary artery bypass grafting.

Statistical analysis

Data are presented as mean (SD) when normally dis-
tributed or as median with 25th and 75th percentiles (in-
terquartile range (IQR)) when normality assumptions (the 
Shapiro-Wilk test) were not met. Categorical data are 
expressed as a number and percentage. Kaplan–Meier 
time-to-event curves were generated for the entire cohort 
and the subgroups were compared with the log-rank (Man-
tel–Cox) test. The 5-year survival with standard error was 
estimated for both groups. GraphPad Prism 8.2.0 (GraphPad 
Software, San Diego, California, United States) was used for 
all statistical analysis, except the Cox analysis, which was 
done with IBM SPSS Statistics for Windows, version 22 (IBM 
Corp. Armonk, New York, United States).

Results

Eighty-six elective aortic arch procedures were performed 
during the analyzed period, including 25 (29%) patients in 
group A and 61 (71%) patients in group B. The indication for 
surgery was aortic arch aneurysm in 53 (61.5%) patients, 
chronic aortic dissection in 30 (35%) patients and saccular 
aneurysm in 3 (3.5%) patients. Patients’ median age (IQR) 

Figure 1. Open aortic arch surgery: A – hemiarch technique, B – total arch replacement with FET (Frozen Elephant Trunk, Evita Open 
System), C – total arch replacement, separate arch vessel anastomoses, D – Dacron patch

A B C D



Kardiochirurgia i Torakochirurgia Polska 2021; 18 (3) 161

ORIGINAL PAPER

was 64 years (54–69); 50 (58%) patients were male. Median 
(IQR) EuroSCORE II was 4.98 (3.01–8.89). Detailed baseline 
characteristics of the patients are presented in Table I.

The analysis of baseline characteristics in both study 
groups revealed that patients in group B were significantly 
younger than those in group A, 62 years (53–68) vs. 67 years 
(60–70) (p = 0.046) and were in higher New York Heart 
Association (NYHA) classes (p = 0.049). Group B included 

more patients with co-existing descending aorta aneurysm,  
27 (44%) patients vs. 6 (24%) patients (p = 0.09). Patients in 
group A had significantly higher serum creatinine concentra-
tion (IQR) of 1.02 mg/dl (0.79–1.37) vs. 0.82 mg/dl (0.7–1.0)  
(p = 0.004), and lower left ventricular ejection fraction (LVEF) 
(IQR) of 50% (45–60) vs. 55% (50–60) (p = 0.06). 

In the entire study population the hemiarch procedure 
was performed in 38 (44%) patients and total aortic arch 

Table I. Demographic and baseline clinical characteristics of study patients

Characteristics All
(n = 86)

Group A
(n = 25)

Group B
(n = 61)

P-value

Male sex 50 (58) 17 (68) 33 (54) 0.34

Age [years], median (IQR) 64 (54–69) 67 (60–71) 62 (53–68) 0.046

NYHA class: 0.049

NYHA I 27 (31) 7 (28) 20 (33)

NYHA II 46 (54) 13 (52) 33 (54)

NYHA III 10 (12) 2 (8.0) 8 (13)

NYHA IV 3 (3.5) 3 (12) 0

Previous cardiac surgery 15 (17) 3 (12) 12 (20) 0.54

Chronic aortic dissection 30 (35) 11 (44) 19 (31) 0.32

Aortic root aneurysm 13 (15) 2 (8.0) 11 (18) 0.33

Ascending aorta aneurysm 70 (81) 21 (84) 49 (80) 0.77

Descending aorta aneurysm 33 (38) 6 (24) 27 (44) 0.09

Saccular aortic arch aneurysm 3 (3.5) 2 (8.0) 1 (1.6) 0.20

Arterial hypertension 65 (78) 20 (90.9) 45 (74) 0.13

Coronary artery disease 18 (21) 6 (24) 12 (20) 0.77

Mitral valve regurgitation: (n = 68) (n = 7) (n = 61) 0.21

No 12 (18) 0 12 (20)

Trace 26 (38) 5 (71) 21 (34)

Mild 19 (28) 1 (14) 18 (30)

Moderate 7 (10) 0 7 (12)

Severe 4 (5.9) 1 (14) 3 (4.9)

Tricuspid valve regurgitation: (n = 68) (n = 7) (n = 61) 0.80

No 22 (32) 2 (29) 20 (33)

Trace 19 (28) 3 (43) 16 (26)

Mild 19 (28) 1 (14) 18 (30)

Moderate 6 (8.8) 1 (14) 5 (8.2)

Severe 2 (2.9) 0 2 (3.3)

Renal function: 0.13

Normal (GFR > 85 ml/min/1.73 m2) 50 (58) 12 (48) 38 (62)

Moderately impaired (GFR 50–85 ml/min/1.73 m2) 28 (33) 8 (32) 20 (33)

Severely impaired (GFR < 35 ml/min/1.73 m2) 7 (8.1) 4 (16) 3 (4.9)

Dialysis 1 (1.2) 1 (4.0) 0

Diabetes (n = 83) 9 (11) 4 (18)
(n = 22)

5 (8.2)
(n = 61)

0.24

BMI [kg/m2], median (IQR) 27 (24–30) 28 (25–30) 26 (24–30) 0.25

Serum creatinine [mg/dl], median (IQR) 0.87 (0.74–1.08) 1.02 (0.79–1.37) 0.82 (0.70–1.00) 0.004

EF (%), median (IQR) (n = 85) 55 (50–60) 50 (45–60) 55 (50–60) 0.06

EUROSCORE II, median (IQR) 4.98 (3.01–8.89) 4.29 (2.82–8.39) 5.34 (3.23–9.15) 0.42

Data are presented as number (percentage) of patients unless otherwise indicated. BMI – body mass index, EF – ejection fraction, NYHA – New York Heart 
Association.
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replacement in 48 (56%) patients. Detailed surgical data 
are presented in Table II.

The hemiarch procedure was more frequently per-
formed in group A (17 patients, 68%) in comparison to 
group B (21 patients, 34%) (p = 0.008) (Figure 2). More pro-
cedures involving the descending aorta were performed in 
group B (27 patients, 44%) than in group A (6 patients, 24%)  

(p = 0.09), and 4 (6.6%) patients in group B had an aor-
tic valve sparing procedure in comparison to no patient in 
group A (p = 0.32). Deep hypothermia with circulatory arrest 
was more frequently used for brain protection in group A: 
6 (24%) patients vs. 2 (3.3%) patients (p = 0.007), whereas 
there were more selective brain perfusions in group B: 59 
(96.7%) patients vs. 21 (84%) patients (p = 0.057).

Table II. Surgery scope, data, complications

Variable All
(n = 86)

Group A
(n = 25)

Group B
(n = 61)

P-value

Total aortic arch replacement: 48 (56) 8 (32) 40 (66) 0.45

Island technique 23 (48) 5 (63) 18 (45)

Separate arch vessels anastomoses 25 (52) 3 (37) 22 (55)

Hemiarch replacement 38 (44) 17 (68) 21 (34) 0.008

VSARR 4 (4.7) 0 4 (6.6) 0.32

Bentall de Bono procedure 3 (3.5) 2 (8.0) 1 (1.6) 0.20

Ascending aorta replacement 70 (81) 21 (84) 49 (80) 0.77

Descending aorta replacement: 33 (38) 6 (24) 27 (44) 0.09

FET 25 (29) 5 (20) 20 (33) 0.30

AVR/AV repair: 48 (56) 14 (56) 34 (38) 0.98

AV repair 7/14 (50) 27/34 (79) 0.042

MVR/MV repair 5 (5.8) 1 (4.0) 4 (6.6) 0.65

TV repair 4 (4.7) 0 4 (6.6) 0.32

CABG 19 (22) 5 (20) 14 (23) 0.99

Cannulation site: 0.07

Ascending aorta/arch 9 (10) 5 (20) 4 (6.6)

Brachiocephalic trunk 56 (65) 10 (40) 46 (75)

Left common carotid artery 6 (7.0) 3 (12) 3 (4.9)

Right common carotid artery 7 (8.1) 3 (12) 4 (6.6)

Femoral artery 6 (7.0) 3 (12) 3 (4.9)

CPB temperature [°C],median (IQR) 26.75 (26–28) 28 (26–28) 26 (26–28) 0.65

SACP 80 (93) 21 (84) 59 (96.7) 0.057

SACP time [min], median (IQR) 35 (21.25–54) 35 (20.5–41) 35 (22–55) 0.56

DHCA 8 (9.3) 6 (24) 2 (3.3) 0.007

DHCA time [min], median (IQR) 21 (15.5–27.25) 18.5 (12.25–25.75) 31.0 (22.0–40.0) 0.18

X-clamp time [min], median (IQR) 87 (65–114) 86 (66–107) 87 (64–117) 0.79

CPB time [min], median (IQR) 190 (139–232) 163 (125–208) 200 (148–254) 0.03

Drainage [ml], median (IQR) 780 (560–1143) 800 (555–985) 760 (600–1190) 0.63

Ventilation time [h], median (IQR) 21.2 (15.1–43.0) 23.7 (16.0–70.1) 20.7 (14.8–30.6) 0.18

ICU stay [days], median (IQR) (n = 68) 4 (2–6) 6 (3–6)
(n = 7)

4 (2–6) 0.36

Hospital stay [days], median (IQR) 9 (8–14.25) 8 (7–14.5) 9 (8–14.5) 0.31

Early death 10 (11.6) 5 (20) 5 (8.2) 0.15

Resternotomy for bleeding 17 (20) 5 (20) 12 (20) 0.97

Stroke 7 (8.1) 6 (24) 1(1.6) 0.002

Renal failure/hemofiltration 2 (2.3) 1 (4.0%) 1 (1.6) 0.50

Pneumonia 7 (8.1) 3 (12) 4 (6.6) 0.41

Wound infection 2 (2.3) 0 2 (3.3) 0.90

Data are presented as number (percentage) of patients unless otherwise indicated. AV – aortic valve, AVR – aortic valve replacement, CABG – coronary artery 
bypass grafting, CPB – cardiopulmonary bypass, DHCA – deep hypothermic circulatory arrest, ICU – intensive care unit, IQR – interquartile range, MV – mitral valve, 
MV – mitral valve replacement, SACP – selective antegrade cerebral perfusion, TV – tricuspid valve, VSARR – valve sparing aortic root replacement.
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Figure 2. Comparison of hemiarch and total arch replacement in groups A (A) and B (B)

Figure 3. Kaplan-Meier survival curves with 95% CI. The subgroups 
were compared with the log-rank (Mantel-Cox) test
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Significantly longer CPB time was recorded in group B 
(IQR): 200 minutes (148–254) vs. 163 minutes (125–208)  
(p = 0.03).

There were no differences between study groups re-
garding postoperative data such as bleeding volume, me-
chanical ventilation time and days of ICU and hospital stay.

The analysis of postoperative morbidity (Table II) revealed 
a significantly higher rate of stroke in group A: 6 (20%) 
patients vs. 5 (8.2%) patients (p = 0.002). There were no dif-
ferences between groups with regard to the rate of chest re-
exploration due to bleeding, acute kidney failure, pneumonia 
and surgical wound infection.

This analysis includes complete data on mortality from 
all patients. The median (IQR) time of follow-up was 32.5 
(13.9–56.6) months. Of note, there was higher early mortal-
ity (30 days post-surgery) in patients from group A: 5 (20%) 
patients vs. 5 (8.2%) patients (p = 0.15). 

Five-year survival estimated from Kaplan-Meier curve 
analysis was 60 ±9.8% for group A, and 81 ±6.2% for  
group B (Figure 3). The comparison of the study groups 
showed a significant difference in survival (log-rank test,  
p = 0.03) favoring those operated on during the second 
5-year period (group B).

Discussion
Open aortic arch surgery is a complex surgical proce-

dure requiring meticulous planning and strict collaboration 
of surgical, anesthetic and perfusionist teams. Specifically, 
in this type of surgery temporary circulatory arrest is key 
to enable the replacement of the enlarged aortic segment. 
Consequently, during open aortic arch surgery, protection 
is required not only for the myocardium (as during stan-
dard classical cardiac surgery) but also for central nervous 
system and vital organs. Our analysis shows that patients 
undergoing aortic arch surgery are older (median: 64 years 

(54–69)) with many co-existing conditions of the heart and 
the aorta, often implicating the expansion of the scope of 
planned surgery. 

After having analyzed our 10-year outcomes of open 
aortic arch surgery, we were struck by the high early mor-
tality of 11.6%, significantly higher than the mortality of 
5.5% reported in the literature to date [13]. Therefore, we 
decided to break up those 10 years into two 5-year periods. 

The analysis of the first 5 years (group A) revealed that 
the early learning curve period is associated with outcomes 
significantly worse than those reported in the literature. 
Particularly noticeable are early mortality of 20% and the 
stroke rate of 24%, whereas Thomas et al. [13] report rates 
of 5.5% and 5% respectively after elective surgery. These 
results can be regarded as even poorer, keeping in mind 
that in most cases (68%) the surgery of the aortic arch 
was limited to only partial replacement (hemiarch). In this 



Kardiochirurgia i Torakochirurgia Polska 2021; 18 (3)164

Open aortic arch surgery: 10 years’ single-center experience

type of approach Lima et al. [14] report early mortality of 
2.9% and a stroke rate of 4.1%. Worse surgical outcomes 
in group A are reflected by longer ICU stay, longer time of 
mechanical ventilation and more acute kidney failure and 
pneumonia in comparison to group B. Another important 
factor affecting the postoperative outcome was the central 
nervous system protection, which in as many as 24% of pa-
tients was limited to deep hypothermic circulatory arrest. 
This translated into a high rate of stroke (24%). 

With experience gained the number of operated patients 
increased from 25 (29%) patients in group A to 61 (71%) pa-
tients in group B, and the scope of procedures became more 
extended (from 32% total arch replacements in group A to 
66% in group B). Additionally, the descending aorta and aor-
tic root became more frequently addressed. Frozen elephant 
trunk with the use of the E-vita OPEN PLUS system (Jotec, 
Hechingen, Germany) became the preferred technique for 
procedures involving the descending aorta.

In the second study group, complementary surgical 
procedures on the aortic root (valve sparing aortic root 
replacement (VSARR)) and aortic valve, even though techni-
cally demanding and time consuming, were not avoided. Of 
note is the rising rate of repaired aortic valves from 50% in 
group A to 79% in group B. The extending scope of surgery 
resulted in longer CPB time in group B: 200 minutes vs.  
163 minutes (p = 0.003).

Despite the fact that patients in group B underwent 
more complex aortic arch surgery, had more additional 
coronary and valvular procedures, and more redo pro-
cedures, the outcomes were significantly better than in  
group A. The early mortality of 8.2% is similar to the data 
reported by Patel et al. [15] in their large series of 721 pa-
tients, and even better than the early mortality of 15% re-
ported from another Polish center by Hirnle et al. [16]. 

Meticulous central nervous system protection contrib-
uted to the reduction of the stroke rate to 1.6%, which is 
an excellent result, better than the rates reported by Patel  
et al. [15] (4.8%) and Hirnle et al. [16] (9%). This low fre-
quency of stroke is related to the implementation of se-
lective brain perfusion with cerebral oxygenation monitor-
ing in the majority of operated patients (96.7%), whereas 
DHCA was used in only 2 (3.3%) patients.

Conclusions
It seems that the key factor impacting the outcomes 

of open aortic arch surgery is the experience of the team, 
which translates into reproducible results on par with those 
reported by other surgical teams specializing in surgery of 
the aortic arch. Estimated 5-year survival of 81% after open 
aortic arch surgery makes it a reliable and reproducible 
cardiac surgical procedure, associated with good long-term 
outcomes. 

After completion of the learning curve, open aortic arch 
surgery is associated with acceptable early mortality, low 
morbidity (low stroke rate in particular), and good long-
term survival.
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