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Håvard Ulsakera,b, Henrik Halvorsenc, Audun Ole Braatend, Eric Dorenberge, Beate Rikken Lindbergf, 
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Norway; cDepartment of Surgery, Haukeland University Hospital, Bergen; dDepartment of Radiology, Haukeland University Hospital, Bergen; 
eDepartment of Radiology and Nuclear Medicine, Oslo University Hospital, Oslo, Norway; fDepartment of Cardiothoracic Surgery, Oslo 
University Hospital, Oslo,Norway; gDepartment of Radiology, University Hospital of North Norway, Tromsø, Norway; hDepartment of 
Cardiothoracic and Vascular Surgery, University Hospital of North, Norway; iDepartment of Health Research, SINTEF, Trondheim, Norway; 
jDepartment of Surgery, St. Olavs University Hospital, Trondheim, Norway; kDepartment of Radiology, St. Olavs University Hospital, 
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ABSTRACT 
Objective: The multibranched off-the-shelf ZenithVR t-Branch (Cook Medical, Bloomington, IN) device is 
commonly chosen for endovascular repair of thoracoabdominal aortic aneurysms. The aim of this 
study was to report early and mid-term outcomes in all patients treated with the t-Branch in Norway; 
Design and Methods: A retrospective multicenter study with Norwegian centers performing complex 
endovascular aortic repair was undertaken. T-Branch patients from 2014 to 2020 were included. All 
postoperative computed tomography angiography images were reviewed, and demographic, anatom-
ical, perioperative and follow-up data were analyzed; Results: Seventy patients were treated in a single- 
step (n¼ 55) or staged (n¼ 15) procedure. Symptomatic presentation was seen in 20 patients, six of 
which had a contained rupture. Technical success was 87% (n¼ 59), with failures caused by unsuccess-
ful bridging of target vessels (n¼ 4), target vessel bleeding (n¼ 3), persisting type 1c endoleak (n¼ 1) 
and t-Branch malrotation (n¼ 1). 30-day mortality was 9% (n¼ 6) and was associated with high BMI 
(p¼ .038). The spinal cord ischemia rate was 21% (n¼ 15) and was associated with type II aneurysms 
(OR 5.4, 95% CI 1.1–26.7, p¼ .04), smoking (OR 6.0, 95% CI 1.3–27.6, p¼ .02) and intraoperative blood 
loss (OR 1.1, 95% CI 1.0–1.3, p¼ .01). Survival at one, two and three years was 84 ± 4%, 70 ± 6% and 
67 ± 6%, respectively. Freedom from aortic-related reinterventions at one, two and three years was 
80 ± 5%, 65 ± 7% and 50 ± 8%, respectively; Conclusion: The study showed low early mortality (9%) and 
satisfactory mid-term survival. Technical success was achieved in acceptable 87% of procedures. The 
rate of spinal cord ischemia was high, occurring in 21% of patients.

HIGHLIGHTS
� This paper provides a national experience of all TAAA patients treated with the multibranched 

t-Branch stent graft in Norway in a multi-center study. As we aimed at including all Norwegian 
patients operated with the device, the paper adds real-world data on t-Branch outcomes from four 
regional smaller-volume vascular centers.
� The paper provides technical and clinical mid-term results with several patients being followed up 

for >3 years.
� Technical success was achieved in 87% of procedures.
� The 30-day mortality rate was 9% and survival at one, two and three years was 85 ± 4%, 70 ± 6% 

and 67 ± 6%, respectively.
� Spinal cord ischemia was associated with Crawford type II aneurysms, smoking and intraoperative 

blood loss.
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1. Introduction

During the last two decades, endovascular treatment for 
thoracoabdominal aortic aneurysms (TAAAs) has become 
increasingly available with fenestrated and branched endo-
vascular aortic repair (f/b-EVAR). Initially, the endovascular 
approach was mainly considered in patients unfit for open 
surgical repair, as addressed in 2017 by the European 
Society for Vascular Surgery’s guidelines for descending 
thoracic aortic disease [1]. With enhanced experience and 
improved preoperative planning and postoperative care, f/b- 
EVAR is increasingly used as first line treatment of anatom-
ically suitable TAAAs in patients without connective tissue 
disorders or aortic infections [2]. Several f/b-EVAR endog-
raft systems are available, with devices falling into the two 
main categories of patient specific custom-made devices 
(CMDs) and off-the-shelf stent grafts. Of the latter, the 
ZenithVR t-Branch (Cook Medical, Bloomington, IN) is most 
used and researched. With a four-branch design for reno- 
visceral vessel repair, the t-Branch is anatomically suitable 
in at least 50% of TAAAs [3,4].

Research describing t-Branch outcomes overall report 
high technical success rates, varying from 64% for acute 
TAAAs to 100% in all-elective patients in a recent meta- 
analysis, with most studies reporting technical success at 
90–95% [5]. In a publication reporting >500 t-Branch 
patients, technical success was achieved in 97% of proce-
dures [6]. As baseline characteristics, inclusion criteria and 
elective vs. emergency-ratio varies between published mate-
rials, 30-day mortality differs, and is reported at 12% in the 
largest consecutive material and pooled at a rate of 6% in a 
systematic review [6,7]. This is comparable to that of open 
repair surgery, which in large series has been reported 
between 7–17% [8].

The t-Branch has been commercially available in Europe 
since late 2012 and several studies investigating t-Branch 
outcomes originate from highly experienced centers with 
large patient cohorts [6,9,10]. The aim of this study was to 
assess early- and mid-term t-Branch outcomes in a nation-
wide study, drawing on experiences from four university 
hospital vascular centers.

2. Methods and materials

2.1. Design

A search in the Norwegian Vascular Surgery Registry 
(NORKAR), which coverage is national, identified 70 
patients operated with the ZenithVR t-Branch for TAAAs 
before January 2021 at four vascular centers in Norway (St. 
Olavs University Hospital, Trondheim [n¼ 28], Haukeland 
University Hospital, Bergen [n¼ 20], Oslo University hos-
pital, Oslo [n¼ 12] and University Hospital of North 
Norway, Tromsø [n¼ 10]). The first patient was operated in 
2014. All patients were included and followed up for at least 
six months. Patients eligible for t-Branch repair were within 
the manufacturer-given Instruction for Use (IFU) manual and 
turned down for open repair upon local evaluation, elsewise 
the indication for t-Branch repair was not predefined and not 

coordinated between institutions. Data were extracted locally 
from electronical medical records. Preoperative computed tom-
ography angiography (CTA) images were used to retrospect-
ively define aneurysm extents according to the Crawford 
classification, measure aortic diameters and determine clock 
positions of the renal arteries [11]. After a semiautomatic ves-
sel segmentation of the first follow-up CTA examination, a 
centerline analysis was used to measure length of aorta covered 
by stent graft defined from the brachiocephalic trunk to the 
internal iliac artery. Diameters were determined at follow-up 
CTA images using double oblique multiplanar reformations, 
and aneurysm shrinkage or expansion was identified by a 
diameter change of �5mm.

The Norwegian Directorate of Health gave dispensation 
from obtaining written patient consents (ref. 18/39142-2) 
and the Norwegian Centre for Research Data acted as data 
protection officer (project number 279787).

2.2. Surgical procedure

Percutaneous or surgical accesses were obtained bilaterally at 
the common femoral arteries and at the subclavian or axillary 
artery upon indication. Deployment of t-Branch followed the 
Instruction for Use Manual as is described extensively else-
where [12]. Haukeland University Hospital performed two- 
step staging with temporary aneurysm sac perfusion (TASP) 
via unstented branches upon individual indication (n¼ 14) 
after seeing high rates of SCI in patients operated early in the 
period, detailed in a dedicated conference abstract [13]. The 
other institutions performed the operations single-staged.

Mean intra-arterial pressure (MAP) >80mmHg was aimed 
for in all procedures. The protocol of spinal catheters and cere-
brospinal fluid (CSF) drainage was developed throughout the 
study period. Upon study end, in all institutions, high risk 
patients (type II aneurysms, previous thoracic endograft, 
occluded internal iliac artery) received spinal catheters pre-
operatively, while some institutions routinely used spinal cathe-
ters on all patients. Cerebrospinal fluid (CSF) was drained 
perioperatively to �10mmHg and reduced further in patients 
with neurological leg symptoms. The spinal catheter was termi-
nated 36-72h postoperatively at no signs of SCI. A hemoglobin 
level <10 g/l prompted blood transfusion. The patients were 
typically controlled with a CTA scan prior to discharge or at 
one month postoperatively. Thereafter, patients were followed 
up clinically and with CTA imaging at six and twelve months 
and thereafter annually. Standard anti-thrombotic treatment 
was acetylsalicylic acid and low-molecular-weight heparin 
until mobilization and thereafter acetylsalicylic acid in 
monotherapy.

2.3. Endpoints and definitions

The primary endpoint was patient survival. Secondary end-
points were technical success, SCI, clinical success, target 
vessel stability, and freedom from aortic-related reinterven-
tion. Technical success was defined on an intent-to-treat 
basis and required successful introduction and deployment 
of the endograft and successful catheterization bridging of 
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all target vessels in absence of surgical conversion or mortal-
ity, persistent and type I or III endoleak, branch occlusion, or 
graft limb obstruction, as proposed by Oderich in the SVS 
reporting standards et al. [14]. Clinical success was defined 
according to the reporting standards as technical success with 
absence of procedure or aorta related death, persistent type I 
or III endoleak, sac expansion, device migration, aneurysm 
rupture, conversion to open repair and disabling permanent 
clinical sequalae (paraplegia, stroke or dialysis) [14]. Target 
vessel stability was also reported in accordance with the 
reporting standard as any death or rupture related to branch 
complication or any secondary intervention indicated to treat 
a branch-related complication [14]. SCI was classified into 
paraplegia (0¼ no movement; 1¼minimal motion; 
2¼motion, but not against resistance/gravity) or paraparesis 
(3¼motion against resistance/gravity; 4¼ ability to stand/ 
walk with assistance) [15]. Intraoperative blood loss was 
determined from perioperative suction and compresses and 
was measured in 0.1 liter as a continuous variable.

2.4. Statistics

Continuous data are given as mean (±SD) when normally dis-
tributed and as median (interquartile range, IQR) when not. 
Categoric data are presented as percentages (counts). Time-to- 
event analyses were performed with Kaplan-Meier statistics. 
The Student’s T-test and the Mann Whitney U test was used 
for comparing independent continuous variables and the 
Fisher’s exact test for categorical variables. A one-way 
ANOVA was used for comparing length of stent graft covered 
aorta between Crawford classes. Binary logistic regression was 
used to identify an association between spinal cord ischemia 
and Crawford type II aneurysms, smoking, staging and intrao-
perative blood loss. P-values �0.05 were considered statistically 
significant and analyses were performed using SPSS Statistics 
version 29.0.0.1 (SPSS Inc., Chicago, Illinois).

3. Results

3.1. Demographics and TAAA morphology

Seventy patients treated with t-Branch between January 2014 
and December 2020 were identified. Mean age was 
71 ± 6 years, and 54% (n¼ 38) were male. Patient demo-
graphic and comorbidities are further described in Table 1. A 
combination of urgent and elective patients was treated, with 
29% (n¼ 20) of patients presenting with symptomatic aneur-
ysms and operated within 72 h of admission. Mean aneurysm 
diameter was 69 ± 11 mm, and Crawford type II aneurysms 
were most common, present in 39% (n¼ 27) of patients. 
Four patients were operated with carotid-subclavian bypass 
prior to the t-Branch procedure to achieve a good proximal 
sealing. Aneurysm morphology, presentation and etiology is 
further detailed in Table 2.

3.2. Perioperative outcomes

Staging with TASP was performed in 21% (n¼ 15) of proce-
dures (excluding carotid-subclavian bypass, n¼ 4), one of 

which was unintentional due to primary failure of stenting 
the right renal artery. Three of the staged procedures were 
performed on symptomatic patients, but none with contained 

Table 1. Demographics and comorbidities�.

Variables t-Branch patients

Age, years 70.6 (6.1)
Male, number 38 (54.3)
Body mass index, kg/m2 25.0 (4.2)
Active smoker 26 (37.1)
Systolic BP, at admission 133.8 (20.8)
Diastolic BP, at admission 82.4 (14.8)
Comorbidities

Hypertension 49 (70.0)
Heart failure 12 (17.1)
Coronary artery disease 23 (32.9)
Peripheral artery disease 17 (24.3)
COPD 23 (32.9)
Diabetes 7 (10.0)
Connective tissue disease 1 (1.4)

Previous surgery
CSB 4 (5.7)
AAA–open 11 (15.7)
AAA–EVAR 3 (4.3)
Ascending AA / A-dissection–open 16 (22.9)
Descending AA / B-dissection–open 1 (1.4)
Descending AA / B-dissection–TEVAR 9 (12.9)
CABG 2 (2.6)
Aortic valve replacement 1 (1.4)
PCI 7 (10.0)

ASA class
II 2 (2.9)
III 47 (67.1)
IV 21 (30.0)

Creatinine, mmol/L 98.8 (35.7)

Abbreviations: BP: blood pressure; COPD: chronic obstructive pulmonary dis-
ease; CSB: carotid-subclavian bypass; AAA: abdominal aortic aneurysm; CABG: 
coronary artery bypass grafting; EVAR: endovascular aortic repair; TEVAR: thor-
acic endovascular aortic repair; PCI: percutaneous coronary intervention.
�
Continuous data are presented as mean (SD). Categoric data are given as 
counts (%).

Table 2. Aneurysm morphology�.

Variables t-Branch patients

Crawford-Safi classification
I 5 (7.1)
II 27 (38.6)
III 17 (24.3)
IV 19 (27.1)
V 2 (2.9)

Diameter, mm 68.8 (10.8)
Clock position, hh:mm

RRA 9:55 (8:30, 11:30)a

LRA 14:52 (9:00, 16:30)a

Status internal iliac arteries
Right – occluded 6 (8.6)
Right – open 64 (91.4)
Left – occluded 6 (8.6)
Left – open 64 (91.4)

Presentation
Asymptomatic 50 (71.4)
Symptomatic – free rupture 0
Symptomatic – contained rupture 6 (8.6)
Symptomatic – not ruptured 14 (20.0)

Aneurysm etiology
Degenerative 65 (92.9)
B-dissection 3 (4.3)
Traumatic 1 (1.4)
Connective tissue disease 1 (1.4)

Abbreviations: RRA:right renal artery; LRA:left renal artery.
�
Continuous data are presented as mean (SD). Categoric data are given as 
counts (%).

aWith reference to the CT at 12:00. Parenthesis giving the extreme values.
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rupture. Median time between stages was five weeks (IQR 1– 
8). In 67% (n¼ 10) of staged procedures, all directional 
branches were left open until procedure stage 2, whereas in 
33% (n¼ 5) of procedures, all but one target vessel were 
bridged to the t-Branch in the first stage. Two patients died 
between stages, one from aneurysm rupture, the other from 
subdural hematoma. Technical success was 87% (59/68, 
between-stage deaths excluded) and was negatively associated 
with previous endovascular surgery (p¼ .008). Technical fail-
ures were due to unsuccessful target vessel bridging (n¼ 4), 
target vessel bleeding (n¼ 3), type 1c endoleak (n¼ 1) and t- 
Branch malrotation (n¼ 1). Mean operation time was 
402 ± 127 min and did not differ significantly between the 
first and second half of operations (411 vs. 392 min, p¼ .38). 
Median intraoperative blood loss was 0.45 L (IQR 0.25–0.82).

3.3. Stent graft

A total of 240 target vessels were repaired, with four vessels 
being bridged in 64% (n¼ 45) of patients, three vessels in 
24% (n¼ 17) of patients, two vessels in 6% (n¼ 4) of 
patients and one vessel in 1% (n¼ 1) of patients. In 4% 
(n¼ 3) of patients zero vessels were repaired due either to 
between-stage mortality (n¼ 2) or intraoperative conversion 
to open repair (n¼ 1). An overview of covered bridging 
stents is shown in Table 3. Mean length of stent graft cov-
ered aorta was 437 ± 87mm, yielding on average 79 ± 14% 
aortic coverage. Crawford type II aneurysms were subject to 
13 ± 3% greater aortic coverage relative to other Crawford 
classes (p<.001, 95% CI 7–20).

3.4. 30-day outcomes

30-day mortality, including between-stage mortality, was 9% 
(6/70), with death causes being multiorgan failure (n¼ 3), 
subdural hematoma (n¼ 1), complications to bowel ischemia 
(n¼ 1) and between-stage rupture (n¼ 1). No statistical dif-
ference was seen in 30-day mortality between elective (3/50) 
and urgent (2/20) cases (p¼ .619). Major postoperative com-
plications occurred in 15 (21%) patients, detailed in Table 4. 
After 30 days the SCI rate was 21% (n¼ 15) among which 
10% (n¼ 7) had paraplegia, detailed further in Table 5. SCI 
was not statistically different between staged (n¼ 3) and non- 
staged procedures (n¼ 12) (p¼ .58) and was not overrepre-
sented in acute (n¼ 3) relative to elective cases (n¼ 12) 

(p¼ .58). SCI incidence trended lower in the second half of 
patients operated (32% vs. 14%, p¼ .09). After logistic regres-
sion, SCI was significantly associated with type II aneurysms 
(OR 5.4, 95% CI 1.1–26.7, p¼ .04), smoking (OR 6.0, 95% CI 
1.3–27.6, p¼ .02) and intraoperative blood loss per 0.1 L (OR 
1.1, 95% CI 1.0–1.3, p¼ .01).

Type 1 and 3 endoleaks occurred in 6% (n¼ 4) and 3% 
(n¼ 2) of patients postoperatively, and all but one type 1c 
endoleak resolved spontaneously within 30 days. Patients 
were discharged after median 7 (5–13) days.

3.5. Follow-up

Median follow-up time was 20 (range 1 – 72) months. Two 
patients were subject to aortic-related death (autopsy veri-
fied aortic rupture) during follow-up. Estimated overall sur-
vival (±SE) at 12, 24, 36 months was 84 ± 4%, 70 ± 6% and 
67 ± 6%, respectively, displayed with Kaplan-Meier curve in 
Figure 1. 26 patients underwent a total of 31 aorta-related 
reinterventions, details of which are given in Table 6, and a 
Kaplan-Meier curve with freedom from aorta-related rein-
tervention is shown in Figure 2. At 6, 12, 24 and 36 months 
an estimated 94 ± 2%, 89 ± 2%, 87 ± 2% and 87 ± 2% of target 
vessels were stable, respectively. Estimated primary clinical 
success at 6, 12, 24 and 36 months was 63 ± 6%, 53 ± 6%, 
43 ± 7% and 31 ± 8%, respectively. The most common reason 
for failure to achieve clinical success was new-onset type 1 or 
3 endoleaks (n¼ 12) followed by aneurysm sac expansion 
(n¼ 7), further detailed in Table 7. At 20 months postopera-
tively, one patient was converted to open repair with device 
explantation due to continuous aneurysm growth on the basis 
of type 2 endoleaks resistant to repeated endovascular reinter-
ventions. Freedom from aneurysm growth at 12, 24 and 
36 months follow-up was estimated to 84 ± 5%, 75 ± 7% and 
70 ± 8%, respectively. Aneurysm growth was significantly 
associated with both type 1 or 3 endoleak (p¼ .004) and type 
2 endoleak occurrence during follow-up (p¼ .007).

Table 3. Covered stents implanted in target vessels.

TV Fluencya Advantb Coveraa VBXc BeGraftd Otherse

CT 41 1 2 15 3 3
SMA 49 3 4 20 0 2
RRA 39 2 5 21 2 2
LRA 41 11 4 25 5 2
Total 170 17 15 81 10 9

Abbreviations: TV:target vessel; CT:celiac trunk; SMA:superior mesenteric artery; 
RRA: right renal artery; LRA: left renal artery.
aBD.
bGetinge.
cGore Medical.
dBentley.
eIncluding Visi-Pro, EverFlex, Prot�eg�e, Tigris and ZISL.

Table 4. Major postoperative adverse events.

All cause 15
30-day mortality 5
Myocardial infarction 0
Respiratory failurea 2
Renal failureb 7
Bowel ischemiac 1
Major stroke 4
Permanent paraplegia 7
aRequring prolonged mechanical ventilation or reintubation.
b>50% reduction in baseline eGFR or new-onset dialysis.
cRequiring surgical resection or not resolving with medical therapy.

Table 5. 30-Day spinal cord ischemia.

SCI classification

Paraplegia Paraparesis

0 I II III IV

Postoperatively 7 1 1 2 5
30-day 5 2 0 1 7

0¼ no movement; I¼minimal motion or flicker: II¼motion but not against 
resistance; III¼motion against resistance; IV¼ ability to stand and walk with 
assistance as described by Greenberg et al. [15].
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4. Discussion

In this national study of patients treated with the ZenithVR t- 
Branch EVAR device for TAAAs, we found satisfactory rates 
of 30-day mortality (9%) and follow-up survival. Technical 
success was achieved in 87% of patients, and 21% developed 
SCI. Reinterventions were performed on estimated one in 
two patients within three years. Primary clinical success at 
one year was just above 50%.

The present early mortality rate fares well with other 
studies investigating early f/b-EVAR mortality. In a meta- 
analysis including >2000 f/b-EVAR patients distributed 
among 24 studies, the pooled early mortality rate was 7.4% 
(95% CI, 5.9–9.1) [16]. For t-Branch procedures in particu-
lar, Konstantinou et al. reported a pooled rate of 5.8% (95% 
CI 2.5–10.0) in a 2020 meta-analysis among seven observa-
tional t-Branch studies [7]. As of 2021, a major supplement 
to the t-Branch literature was provided by K€olbel et al. in 

2021 with early outcomes in >500 German and Polish 
patients, in whom the early mortality rate was 12.3% [6]. 
Survival at 1-year varies in previous reports from 56% in 
all-urgent cases to 91% [17–21]. Two year-survival has been 
reported by Katsargyris et al. and Silingardi et al. at 73% and 
86%, respectively, while the present study finds a two-year 
survival of 70%. It is, however, difficult to draw any direct 
comparisons of survival data between published materials, as 
the premorbid level varies, different proportions of acute/ 
elective cases are treated and the ratio between extensive and 
shorter TAAAs vary. Overall, considering the burden of 
comorbidity in our patient cohort and the relatively high pro-
portion of large extent aneurysms (63% type II or III), we 
find the present survival outcomes to be satisfactory.

We report unsatisfactorily high rates of SCI, though, with 
SCI occurring in 21% of patients and permanent paraplegia 
in 10%. In early t-Branch experiences, the SCI incidence is 
reported as high as 33%, and several other institutions 
report in-hospital SCI incidence > 20% after f/b-EVAR, 
among which the papers by Spanos et al. and Bosiers et al. 
include only t-Branch patients [22–27]. Despite this, lower 
SCI incidence is generally reported in the literature, pooled 
at 12% in a t-Branch meta-analysis [7]. In a recent Italian 
multi-center study reporting >350 f/b-EVAR patients, SCI 
occurred in 13.4% of patients [28]. Furthermore, in the 
abovementioned meta-analysis of f/b-EVAR studies by 
Rocha et al. the combined SCI incidence was 13% (95% CI 
11 – 17%), with highly experienced centers reporting SCI 
rates as low as 5% [16,29].

One explanatory factor for the high SCI incidence, can be 
found when comparing results from the early and late period 
(32% vs. 14%). Though statistically insignificant (p ¼ .09), 

Figure 1. Survival postoperatively analyzed with Kaplan-Meier statistics. Curves are truncated at 36 months post-EVAR. EVAR: endovascular aortic repair.

Table 6. Reinterventions during 36 months follow-up.

Indications # of reinterventions

Major 12
Proximal extension 3
Distal extension 5
TV thrombectomy/thrombolysis 2
Device explantation 1
Renal artery bypass 1

Minor 19
Type 2 endoleak 6
Branch-related endoleak 8

Type Ic 2
Type IIIc 6

PTA 2
Target vessel stenting 3

Abbreviations: TV: target vessel; PTA: percutaneous transluminal angioplasty.
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the numbers provide support for more favorable outcomes 
toward the end of the study period. The trend is likely 
explained by an institutional learning curve that the authors 
Dias et al. for instance, have investigated in more detail. In 
their study on f/b-EVAR outcomes between 2008 and 2014, 
they found a tendency of decreasing SCI incidence in the lat-
ter part of their experience (39% vs 24%) [24].

In the present t-Branch study, staging with the TASP 
technique did not reproduce the significantly lower SCI 
rates demonstrated by other studies, with 20% (3/15) of 
staged patients and 22% (12/55) of non-staged patients 
developing the complication. Nonetheless, staged procedures 
have increasingly been chosen for repair of extensive 
TAAAs at the other participating centers, as there is sound 
evidence to support a staged approach to high-risk cases. 
The scientific evidence was further strengthened recently 
with a meta-analysis by Dias-Neto et al. showing that the 
composite endpoint of 30-day mortality and/or permanent 
paraplegia was significantly reduced in staged procedures 
for extent type I to III TAAAs (14% vs. 6%) [30].

We find, like others, that Crawford type II aneurysms 
was an independent risk factor for SCI, as these aneurysms 

are subject to significantly longer stent graft coverage than 
other Crawford classes. The ANOVA analysis did, however, 
not identify any significant differences in coverage between 
the other Crawford classes. This might be explained by the 
fact that the t-Branch often requires proximal thoracic and 
distal infrarenal and iliac components for attachment. In 
that fashion, an unnecessary sacrifice of healthy aorta and 
segmental arteries might take place in type IV and V aneur-
ysms compared to what potentially could have achieved 
with a CMD or newer off-the-shelf multibranched device. 
Based on this perspective, type IV and V TAAAs are now 
rarely treated with the t-Branch at participating centers in 
an elective setting, as we believe these TAAAs in general are 
better served with CMDs or newer off-the-shelf multi-
branched stent grafts covering less heathy aorta and fewer 
segmental arteries.

We report on the causes of failure to achieve the com-
posite endpoint of primary clinical success, as is suggested 
by the 2021 SVS reporting standards on f/b-EVAR. The 
treatment success rate is surprisingly low, with only just 
above half of the patients successfully treated at twelve 
months follow-up. Few other experiences have systematically 
given accounts of this endpoint, so a meaningful compari-
son to the literature is difficult. New-onset type 1 and 3 
endoleaks were the most common cause of treatment fail-
ure, the majority of which were treated with secondary 
interventions. These secondary endoleaks might not occur 
only due to device integrity issues resulting from the pri-
mary procedure, but can also arise due to progression of the 
primary aortic disease [31]. It is increasingly being recog-
nized that the diameters of the sealing zone or of untreated 
aortic regions, may continue to grow after the initial pro-
cedure and become prone to endoleaks. Thus, the goal is 

Figure 2. Freedom from aorta-related reintervention postoperatively analyzed with Kaplan-Meier statistics. Curves are truncated at 36 months post-EVAR. EVAR: 
endovascular aortic repair.

Table 7. Reasons for failure of primary clinical success.

Failure cause # of patients

Technical failure 4
Procedure- or aorta-related death 6
Persistent type 1 or 3 EL 12
Aneurysm sac expansion without type 1 or 3 EL 7
Conversion to open surgical repair 1
Permanent paraplegia 4
Disabling stroke 3
Dialysis 0

Abbreviations: EL: endoleak
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not necessarily to have zero secondary reinterventions on 
the basis of type 1 or 3 endoleaks. The focus ought rather 
to be accounting for the possibility of these events to occur 
when designing the main procedure.

The findings on SCI, combined with the non-impressive 
technical success rates and the low primary clinical success, 
necessitates a discussion on the efficacy of smaller-volume 
centers performing EVAR procedures for TAAAs. 70 
patients spanning over six years distributed among four cen-
ters yields an average of <3 t-Branch procedures per institu-
tion per year. Although we currently do not have available 
data on the total number of complex EVAR procedures in 
the period, the volume is likely too low for achieving excel-
lent results on complex EVAR, as mastering preoperative 
planning, procedural execution and postoperative care 
requires great institutional and personnel experience [32]. 
One might thus argue that complex EVAR ought to be cen-
tralized to fewer institutions in Norway.

Along with the retrospective design, the main limitation of 
this study is heterogeneity of the cohort, concerning modality 
of treatment (elective or urgent), surgical procedure (one or 
two steps) and post-operative management (spinal catheter 
variation throughout the study period and between institu-
tions). Also, we have no data on patients that were turned 
down for intervention due to comorbidities nor those who 
underwent open surgery in the same time frame. The 
strengths, on the other hand, include the national experience 
with the inclusion of all available t-Branch patients.

5. Conclusions

The study showed satisfactory survival outcomes with a 30- 
day mortality rate of 9% and follow-up survival after two 
and three years at 70% and 67%. Freedom from reinterven-
tion was comparable to similar studies and shrinking or sta-
ble aneurysms were found in the majority of patients. 
Technical success was acceptable at 87%, but SCI rates were 
high with 21% of patients developing the complication.
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