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Introduction

The treatment of complex aortic pathologies, including 
the aortic arch and the thoracic descending aorta remains a 
surgical challenge. Up to the early 2000s, multistage repair 

was often necessary for completion of the treatment (1). 

Borst et al. introduced the elephant trunk (ET) technique 

in 1983 and its aim was to facilitate the second-stage 

intervention of the descending aorta via lateral thoracic 
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or thoracoabdominal approaches (2). The most important 
change was the introduction of a stent attached distally 
to the Dacron graft, which seals the aneurysm of the 
descending aorta. This modified technique was named 
“frozen elephant trunk” (FET) and found its way rapidly 
into clinical use (3). 

After repair of the aortic arch and proximal descending 
aorta with the FET technique, the second-stage can be 
performed through a thoracic endovascular aortic repair 
(TEVAR) or open aortic surgery with similar complications 
and mortality rates (4). Various prostheses have been 
developed in Europa for FET technique. The E-Vita Open 
Plus (Jotec GmbH, Hechingen, Germany) was the first 
commercially available hybrid prosthesis (1). The most 
widely used Thoraflex hybrid device (Vasutek Terumo, 
Inchinnan, Scotland, UK) was introduced in 2012 (1). 
Several studies reported comparable in-hospital mortality 
and postoperative complications after both techniques  
(4-7). The aim of this study was to compare the outcomes 
and short- and mid-term survival in patients who had 
undergone the conventional ET or the FET procedures. 

Methods

Study population

During the period from 2001 to 2017, a total of 266 
total aortic arch and descending aorta procedures were 
performed, of which 45 as conventional ET and 25 as FET 
procedures. 

Postoperative outcomes and major complications such 
as in-hospital mortality, stroke, exploration for bleeding, 
re-intubation, blood product use, acute renal failure, atrial 
fibrillation were analyzed. 

Definitions

We divided the complications into primary and secondary 
complications. The primary complication was in-hospital 
mortality. Secondary complications included for example, 
neurological deficits and respiratory failure. 

In-hospital mortality was defined as death within 30 days 
after surgery or death during the original hospitalization. 
Postoperative temporary dialysis was defined as a new 
necessity for dialysis during the hospital stay. The dialysis 
was described as permanent if it was still necessary at 
the time of discharge. Postoperative stroke, delirium, 
paraparesis, and paraplegia were defined as a new and 

permanent or temporary neurological disability or deficit. 
Postoperative respiratory failure was defined as re-
intubation or tracheotomy. Gastrointestinal complications 
included gastrointestinal bleeding and visceral ischemia. 
Redo-operation was defined as surgery on a previously 
operated aorta. 

Follow-up data were obtained during clinical visits and 
via telephone correspondence.

Statistical analysis

For comparison, the case-control matched groups were 
created basing on the following variables: sex, age, presence 
of acute aortic dissection and need for concomitant 
procedures. The patients were divided into two groups: 
those who received conventional ET or FET; 25 pairs 
were generated. The statistical analyses were done using 
IBM SPSS, version 24 (IBM Corp.). Categorical data are 
described as percentages. Continuous variables are presented 
as mean ± standard deviation for normal distribution or 
the median with quartiles for non-normal distribution. 
Statistical significance was defined as P<0.05. The mean 
values were compared using Student t-test for normally 
distributed variables and the Mann-Whitney U-test for 
variables that were not normally distributed. Predictors of 
in-hospital mortality were analyzed using logistic regression 
and the results are presented as odds ratios (ORs) with 95% 
confidence intervals (CIs). We searched for predictors of 
mid-term mortality using proportional hazard regression 
and the results are showed as hazard ratios (HRs) with 95% 
CI. Cumulative survival was described using the Kaplan-
Meier-method. Breslow and log-rank tests were used for 
survival comparison.

Surgical technique

Our surgical approaches have been previously described 
in detail (1,6,8). All patients were operated on through 
median sternotomy. All operations were performed using 
cardiopulmonary bypass (CPB). We used in all cases cold 
crystalloid cardioplegic solution and selective antegrade 
cerebral perfusion. The first stage of the conventional ET 
technique is similar to standard surgery of the ascending 
aorta and aortic arch. The second stage is like standard 
descending thoracic or thoracoabdominal aortic aneurysm 
repair. In the case of the FET technique, after median 
sternotomy, antegrade selective cerebral perfusion and 
systemic heparinization, a guide-wire is inserted through 
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the femoral artery in the true lumen of the descending 
aorta. The arterial cannulation sites were differently, the 
right axillary artery or the innominate artery. The venous 
drainage was achieved mostly by cannulation of femoral 
vein in cases of redo surgery or the right atrium. The 
desired temperature in the convention ET cohort was 20 ℃. 
In the FET cohort, the circulatory arrest was performed at 
a median temperature of 25 ℃. 

Results

Baseline characteristic

The median age of the patients was 69 years in the FET 
group versus 66 years in the conventional ET group 
(P=0.712). The male gender was predominant in both 

groups. In 8% of patients in each group, the procedure was 
a redo operation. Sixty percent of the FET cohort versus 
52% of the ET cohort were operated because of aortic 
dissection (acute and chronic), (P=0.776). The etiology 
of the aortic disease was atherosclerotic aneurysm. More 
demographic characteristics of the case-control matched 
cohorts are outlined in detail in Table 1.

Operative characteristics

In both cohorts, the median operation times as well as 
the CPB times were similar. Additionally, the cross-
clamp times were not significantly longer in the FET 
than in the conventional ET group (P=0.16). The time 
of deep hypothermic circulatory arrest differ significantly 
between the cohorts, 42±33 minutes for the FET versus  

Table 1 Preoperative patients’ characteristics

Characteristics Overall unmatched Frozen elephant trunk Elephant trunk P value 

Demographic data 

Number of patients 70 25 25

Age (years), median with interquartile range 
[IQR]

66 [58–74] 69 [60–72] 66 [58–76] 0.712

Female 28 (40%) 11 (44%) 10 (40%) 1

Body surface area (m2), (mean ± standard 
deviation)

1.90.2 1.9±0.2 1.9±0.3 0.577

Body mass index (kg/m2), median with 
interquartile range [IQR]

25.5 [22.6–29] 25 [22–28] 26 [23–30] 0.720

Aortic disease

Aortic dissection 41 (59%) 15 (60%) 13 (52%) 0.776

Aneurysm of the ascending aorta 34 (49%) 12 (48%) 16 (64%) 0.393

Valvular disease

Aortic valve stenosis 3 (4%) 2 (8%) 1 (4%) 1

Aortic valve insufficiency 30 (43%) 18 (72%) 8 (32%) 0.01

Aortic valve stenosis and insufficiency 3 (4%) 1 (4%) 2 (8%) 1

Comorbidities

Coronary artery disease 9 (12.9%) 5 (20%) 4 (16%) 1

Arterial hypertension 31 (44.3%) 18 (72%) 13 (52%) 0.244

Atrial fibrillation 5 (7.1%) 4 (16%) 1 (4%) 0.349

Emergency surgery 33 (47.1%) 11 (44%) 12 (48%) 0.777

Urgent surgery 16 (22.9%) 5 (20%) 7 (28%) 0.505

Elective surgery 21 (30.0%) 9 (36%) 6 (24%) 0.354
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36±29 minutes in the conventional cohort, P<0.001. The 
surgical data were presented in Table 2.

Clinical results

The in-hospital  outcomes and complicat ions are 
summarized in Table 3. In terms of in-hospital mortality, 
there was no significant difference between the investigated 
groups (conventional ET: n=8; 32% versus n=5; 20% in 
FET; P=0.520). The majority of early death cases suffered 
from acute aortic dissection. In the FET group, stroke 
occurred in 24% (n=6) versus 8% (n=2) of patients in the 
conventional ET group (P=0.123). Symptomatic transitory 
psychotic syndrome was observed in 5 patients (20%) in 
the FET group, whereas its incidence in the conventional 
ET group was not significantly lower (n=3; 12%; P=0.702). 
Moreover, there were 3 cases (12%) of pericardial 
tamponade in each group (P=1). Exploration rate due to 
mediastinal bleeding did not differ significantly between 
the matched groups (P=1). The transfusion requirements 
were significantly lower in the FET patients (P=0.001). 
The incidence of postoperative respiratory failure requiring 
re-intubation (P=0.417) or tracheotomy (P=1) were 
comparable. The median time of ventilation of the FET 
cohort was 143 hours versus 71 hours in the conventional 
ET patients, although the difference was not statistically 

relevant (P=0.507). The rate of acute renal failure requiring 
dialysis was very similar in both groups. The median 
intensive care length of stay (ICU-LOS) was 8.5 days after 
FET and 8 days after conventional ET. This difference was 
not statistically significant, as well (P=0.258). 

The logistic regression analysis for both techniques could 
not identify, age, gender, acute aortic dissection, CPB and 
cross-clamp times, concomitant procedures, re-intubation, 
stroke, and ICU-LOS as predictors of in-hospital mortality. 
Only acute renal failure requiring dialysis, mediastinal 
bleeding and length of the procedure were identified as 
predictors of in-hospital mortality. In the proportional 
hazard regression, only acute renal failure requiring 
dialysis seems to be a predictor of overall mortality 
(P=0.004). The procedures per se did not influence neither 
the in-hospital nor the overall mortality. More details 
on predictors of in-hospital and overall mortality are 
presented in Table 4. 

Follow-up data

The survival rates are illustrated on Figure 1. The mean 
follow-up time was 791 days. One-year survival rates were 
38% after conventional procedure versus 60% after the 
FET procedure, respectively (Log rank P=0.118, Breslow 
P=0.039).

Table 2 Intraoperative data

Characteristics Overall unmatched Frozen elephant trunk Elephant trunk P value

Durations 

Operation (min), median with 
interquartile range [IQR]

335 [293–409] 335 [295–409] 305 [270–401] 0.459

Cardiopulmonary bypass (min),  
mean ± standard deviation

239±59 229±53 229±60 0.260

Aortic cross clamp (min),  
mean ± standard deviation

104±55 100±58 100±41 0.999

Hypothermia (℃), median with 
interquartile range [IQR]

24 [20–25] 25 [23–26] 20 [20–24] 0.109

Circulatory arrest (mean ± standard 
deviation)

33.5±31 42±33 36±29 <0.001

Concomitant procedures 39 (56%) 13 (52%) 16 (64%) 0.567

Aortic root replacement 17 (24%) 7 (28%) 9 (36%) 0.762

Aortic valve replacement 3 (4%) 2 (8%) 1 (4%) 1

CABG 12 (17%) 5 (20%) 2 (8%) 0.417

CABG, coronary artery bypass grafting.
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Discussion

The development of the ET procedure (conventional and 
frozen) is claimed to be the greatest improvement in the 
treatment of complex aortic surgery (9). The FET technique 
offers the option of definitive treatment of combined and 
extensive lesions in a single-stage procedure (3). The FET 
technique indications include several conditions such as 
Type A and B, acute and chronic aortic dissections as well as 
atherosclerotic aneurysms involving the aortic arch and the 
descending thoracic aorta (1,10). Due to the encouraging 
short- and mid-term results of the FET, this technique 
has become increasingly common (11-13). The overall in-
hospital mortality rates after FET procedures were reported 
between 1.8% and 17.2% (4,5,10,11,14-16). On the other 
hand, the 30-day mortality after conventional ET, stage 
I, ranged between 5.1% to 12%, and for stage II between 
4% and 9.7% (5-7,17). During the time awaiting the stage 

II of conventional ET, mortality rates between 2% and 
11.7% were observed, with frequent death on rupture of the 
descending thoracic aorta (6,7,18,19). 

Di Eusanio et al. reported a 4.8% in-hospital mortality 
in the cohort of FET versus 13.9% in the conventional 
technique in a comparative study. However, these 
differences were not statistically significant (20). In our 
cohort, we reported remarkably higher mortality rates than 
above mentioned, 20% in conventional cohort versus 32% 
in FET cohort, without statistically significant difference. 
The reason of these high mortality rates could be explained 
with the high rates (>50%) of emergency and urgent 
surgery in our cohort. Schepens et al. reported 7.3% in-
hospital mortality in elective setting versus 25% in-hospital 
mortality in emergent cases after conventional ET (17). 

The most feared complications after aortic surgery 
are stroke and spinal cord injury. In our case-control 

Table 3 Early outcome and postoperative complications

Characteristics Overall unmatched Frozen elephant trunk Elephant trunk P value

Mechanical ventilation (h), median with 
interquartile range [IQR]

77 [22–327] 143 [22–343] 71 [43–165] 0.507

Intensive care unit length of stay (days), 
median with interquartile range [IQR]

8 [3–15] 8.5 [5–19] 8 [3.5–11] 0.258

Transfusion of packed red cells (units), 
median with interquartile range [IQR]

6 [2–15] 8 [2–16] 6 0.001

Extracorporeal life support 3 (4%) 1 (4%) 1 (4%) 1

Postoperative adverse events

Stroke 17 (24%) 6 (24%) 2 (8%) 0.123

Delirium 9 (13%) 5 (20%) 3 (12%) 0.702

Paraplegia 4 (5.7%) 1 (4%) 3 (12%) 0.297

Paraparesis 1 (1.4%) 0 1 (4%) 0.999

Revision for bleeding 12 (17%) 4 (16%) 5 (20%) 1

Pericardial tamponade 7 (10%) 3 (12%) 3 (12%) 1

Acute renal failure requiring dialysis 15 (21%) 6 (24%) 6 (24%) 1

Re-intubation 9 (13%) 5 (20%) 2 (8%) 0.417

Tracheotomy 13 (19%) 6 (24%) 5 (20%) 1

Atrial fibrillation 18 (26%) 7 (28%) 6 (24%) 1

Cardiopulmonary resuscitation 4 (6%) 1 (4%) 3 (12%) 0.609

In-hospital mortality 19 (27%) 5 (20%) 8 (32%) 0.520

In-hospital mortality in aortic dissection 
patients 

14 of 41 (34%) 4 of 15 (27%) 6 of 13 (46.2%) 0.433
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matched analysis, we observed higher stroke rates in the 
cohort of FET, however, without statistically significant 
differences between the techniques. Compared with our 
results, Leontyev et al. showed higher stroke rates after 
conventional ET (16% versus 13%), likewise without 
significantly difference (15). In contrast to these facts 
regarding the incidence of strokes, Leontyev et al. could 
show in the same study, that the occurrence of new-onset 
paraplegia was significantly higher in the FET group 
(21.7% vs. 4.0%, P<0.001), and aortic repair with the FET 
technique was an independent predictor for paraplegia (15). 

These findings could not be supported by our case series. 
In several studies, the incidence of paraplegia was often 

lower after the conventional ET technique than after 
the FET technique. Incidences between 1% to 21.7% 
for the FET were reported versus 2.9% to 4.8% for the 
conventional ET technique (5,14,15,20).

In regard to other postoperative complications such 
as reopening due to mediastinal bleeding, prolonged 
ventilation support or acute renal failure requiring dialysis, 
we presented similar outcomes after both techniques, 
which is comparable with results reported in the recent 

Table 4 Predictors of mortality

Characteristics
In-hospital mortality Mid-term mortality

OR 95% CI P value HR 95% CI P value

Preoperative

Age 0.256 0.054

Sex 0.344 0.844

Aortic dissection 0.087 0.462

Aneurysm of the ascending aorta 0.408 0.921

CAD 0.582 0.963

Previous cardiac surgery 0.999 0.857

Intraoperative

Length of the operation 1.008 1.0–1.016 0.038 0.054

Cardiopulmonary bypass time 0.235 0.305

Aortic cross clamp time 0.933 0.658

Hypothermia 0.512 0.076

Concomitant procedures 0.344 0.696

Elephant trunk 0.337 0.128

Frozen elephant trunk 0.337 0.128

Postoperative

Acute kidney injury 13.2 2.87–60.65 0.001 3.49 1.51–8.08 0.004

Bleeding 5.32 1.35–21 0.017 0.454

Stroke 0.451 0.201

Pericardial tamponade 0.662 0.788

Re-intubation 0.867 0.781

Tracheotomy 0.913 0.344

Packed red cells transfusions 0.306 1 1–1 0.041

Length of the mechanical ventilation 0.184 0.214

CAD, coronary artery disease.
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literature (11,14-16). According to a multicenter study 
with 240 patients from the E-Vita registry, there exists 
a significant association between in-hospital mortality 
and a serum creatinine concertation above 2 mg/dL, a 
need for permanent or temporary dialysis and prolonged 
intubation time >72 hours (11). Martens et al. confirmed in 
their analysis that postoperative dialysis and reopening for 
bleeding are also risk factors of mortality after total aortic 
arch repair (90% of included patients received conventional 
or FET) (21). Furthermore, Leontyev et al. showed, that 
type A aortic dissection was an independent predictor of in-
hospital mortality (15). In our case-control matched cohorts, 
acute renal failure requiring permanent or temporary dialysis 
and bleeding complications were associated with significantly 
higher in-hospital mortality rates. Among our patients, type 
A aortic dissection was overrepresented and a high rate of 
patients with aortic dissection died in hospital, although, it 

could not be identified as predictor of in-hospital mortality. 
In seven patients in our collective, coronary artery 

bypass grafting (CABG) was performed as a concomitant 
procedure. There was no significant influence on the 
outcome after both surgical techniques. LeMaire et al. 
reported that concomitant coronary artery bypass grafting 
increased the early mortality as well as the incidence of 
stroke after conventional ET (5). Another study showed that 
concomitant CABG was a risk factor of overall mortality in 
surgical repair of aortic arch, including conventional and 
frozen ET procedures (22). In our small sample, we could 
not confirm this statement. In our collective, we could not 
identify hypothermia as predictor of in-hospital mortality 
as well as mid-term mortality in ET techniques. Janczyk 
et al. reported that hypothermia is a strong independent 
contributor to mortality in patients with ruptured 
abdominal aortic aneurysms (23). In the treatment of acute 
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Figure 1 Cumulative survival of both patient cohorts. Kaplan-Meier curve.
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and chronic thoracic aortic pathology, hypothermia did not 
directly affect mortality; rather, the duration of hypothermia 
was the relevant factor (24). Czerny et al. investigated the 
influence of age on mortality and incidence of neurological 
injury in patients undergoing surgical repair with 
hypothermic circulatory arrest in acute and chronic thoracic 
aortic pathology in a collective of 523 patients. This study 
revealed that hypothermic circulatory arrest ≥40 minutes  
was an independent predictor of mortality (25). In another 
study with 490 patients, Ziganshin et al. showed in their 
multivariate analysis that deep hypothermic circulatory 
arrest time >50 minutes and aortic dissection were strong 
predictors of composite adverse outcomes. The stroke rate 
was 1.3% for patients with a deep hypothermic circulatory 
arrest time <50 minutes, significantly different from the 
16.7% stroke rate for whose with a deep hypothermic 
circulatory arrest time longer than 50 minutes (24).

A great number of patients need a second-stage 
procedure for repair completion. After FET, more less-
invasive endovascular interventions are possible, because 
of more secure landing zone, which is offered through the 
FET prostheses (4). This fact could explain the lower mid-
term mortality rates after the FET procedures. In regard 
to conventional technique, there is a relevant mortality 
risk within the interval between the therapy stages, which 
is almost between 2% and 11.7% (6,7). Additionally, after 
completed second stage repair, the reported operative 
mortality within 30-day was between 4% and 9.7% (5,6,26). 
The waiting time and the second stage of the repair increase 
the cumulative mortality risk. So, the main advantage of 
FET remains the possibility of single-stage treatment in 
many cases and risk reduction of additional distal aortic 
surgery. This aspect makes remarkable differences in early 
mortality in several studies, however, the mid-term survival 
did not differ significantly (4).

Another interesting aspect is that in one meta-analysis, 
the FET technique was followed by partial or complete 
thrombosis of a persistent false lumen in 88.9% cases 
of acute type A aortic dissection. The FET technique 
promotes restoring the flow in the true lumen and covering 
proximal entry tears because of antegrade stenting of the 
distal thoracic aorta, and these aspects can possibly slow 
down the aortic remodeling (27).

Limitation 

Our study had various limitations. It was a single-center 
retrospective study with a small sample. Furthermore, we 

did not have long-term data about survival and the need of 
re-operations and endovascular interventions. 

Conclusions

In patients with complicated aortic diseases, both 
conventional ET and FET seem to be comparable 
techniques with satisfactory early outcomes. We were 
able to present a rare case-control matching analysis that 
compares the conventional ET and FET procedures. 
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