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Abstract: Acute Type B aortic dissection (TBAD) can cause organ malperfusion, e.g., lower limb
ischemia (LLI). Thoracic endovascular aortic repair (TEVAR) represents the standard treatment
for complicated TBAD; however, with respect to LLI, data is scant. The aim of this study was to
investigate clinical and morphological outcomes in patients with complicated TBAD and LLI managed
with a “TEVAR-first” policy. Between March 1997 and December 2021, 731 TEVAR-procedures were
performed, including 106 TBAD-cases. Cases with TBAD + LLI were included in this retrospective
analysis. Study endpoints were morphological/clinical success of TEVAR, regarding aortic and
extremity-related outcome, including extremity-related adjunct procedures (erAP) during a median
FU of 28.68 months. A total of 20/106 TBAD-cases (18.8%, 32–82 years, 7 women) presented with
acute LLI (12/20 Rutherford class IIb/III). In 15/20 cases, true lumen-collapse (TLC) was present
below the aortic bifurcation. In 16/20 cases, TEVAR alone resolved LLI. In the remaining four cases,
erAP was necessary. A morphological analysis showed a relation between lower starting point and
lesser extent of TLC and TEVAR success. No extremity-related reinterventions and only one major
amputation was needed. The data strongly suggest that aTEVAR-first-strategy for treating TBAD
with LLI is reasonable. Morphological parameters might be of importance to anticipate the failure of
TEVAR alone.

Keywords: aortic dissection; thoracic endovascular repair; TEVAR; lower limb ischemia; extremity
malperfusion; complicated type B dissection; malperfusion

1. Introduction

The standard treatment strategy for Stanford Type B aortic dissection (TBAD) consists
of the best possible drug therapy, with the aim of adequate blood pressure control [1,2].
However, the disease can take a complicated course: false lumen rupture or organ malper-
fusion may occur, both requiring emergency treatment, to avoid a fatal outcome. The
advances in endovascular therapy in recent decades have led to thoracic endovascular
aortic repair (TEVAR) becoming the treatment of choice for complicated TBAD (cTBAD),
with lower rates of morbidity and mortality than open repair [1–4]. With respect to malper-
fusion, the visceral segment of the aorta can be involved, leading to ischemia of the liver, the
small intestine, and the kidneys. Lower limb ischemia (LLI) may appear as an additional
or isolated clinical sign. Data from the International Registry of Aortic Dissection (IRAD)
show that LLI occurs in 7.1% of patients and represents a risk factor for mortality [5]. From
a pathophysiological point of view, malperfusion is caused either by a proximally located
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aortic true lumen collapse (TLC) or by a dissection of the respective organ-supplying vessel
itself. The basic principle of the TEVAR procedure for cTBAD is coverage of the proximal
entry tear, to redirect the blood flow into the true lumen, hence overcoming the collapse.
Data on the treatment and outcome of cTBAD, in terms of LLI, are sparse. Whether primary
TEVAR represents the treatment of choice for LLI in cTBAD is an unresolved question. The
study presented here comprises a clinical and morphological analysis of the outcome in
patients with cTBAD and LLI managed with a “TEVAR-first” policy.

2. Materials and Methods
2.1. Study Design

An observational retrospective single-center study was designed to evaluate the impact
of TEVAR on LLI in patients with acute cTBAD. This approach includes characterization of
both morphological alterations and clinical outcomes. The patients were identified from a
departmental prospective database of cases involving any TEVAR procedure, which was
approved by the local ethics committee (protocol no. S-158/2015).

2.2. Study Cohort

The inclusion criteria comprised cTBAD with clinical and/or radiological signs of LLI
and treatment with TEVAR at the authors’ institution between March 1997 and December
2021. Other pathologies, cTBAD with no clinical and/or radiological signs of LLI, and
TBAD treated conservatively were excluded, as were patients with missing preoperative
and/or postoperative imaging results.

2.3. Procedural Data

Up to September 2010, an Axiom-U imaging system (Siemens, Healthineers, Erlangen,
Germany) was used; from October 2010 onward, TEVAR took place in a hybrid operating
room (Artis zeego multiaxis imaging system; Siemens Healthineers, Erlangen, Germany).
From October 2020, the operating theatre was equipped with an Artis pheno angiography
system (Siemens Healthineers, Erlangen, Germany). The implantation protocol has been
published previously [6,7]. Left subclavian artery (LSA) revascularization was undertaken
selectively [8]. The local institutional protocol for the treatment of cTBAD stipulates
a TEVAR-first strategy with coverage of the primary entry, irrespective of the clinical
presentation and/or associated malperfusion. This comprises the implantation of a single
TEVAR device covering the main entry. Hereafter, any further distal extension of TEVAR
(usually down to the level of the celiac trunk) or adjunct procedure is based on the findings
of subsequent downstream angiography. In general, all TEVAR procedures are performed
by senior physicians with extensive TEVAR experience.

2.4. Study Endpoints and Definitions

The underlying hypothesis of this study was that TEVAR alone is able to re-establish
arterial inflow in patients affected by LLI, without any additional procedures. Therefore,
the study endpoints were the morphological and clinical success of TEVAR, with respect
to aortic and extremity-related outcome. This approach includes the detailed evaluation
of all extremity-related adjunct procedures (erAP) and/or reinterventions, particularly
focusing on a detailed morphological characterization, with regard to any association with
the technical approach and procedural success.

erAP were defined as any endovascular, open, or hybrid vascular procedure adjunctive
to TEVAR with the aim of restoration of blood flow into the affected limb during the index
procedure, meeting the definition of the Society for Vascular Surgery and Society of Thoracic
Surgeons reporting standards for type B aortic dissections [9].

Extremity-related reinterventions (erRI) were defined as any secondary revascularization-
procedure performed for the affected limb after the index procedure (e.g., secondary bypass).

Extremity-related outcomes were defined as freedom from lower limb amputation
and freedom from functional limb impairment.
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Based on the criteria of White et al., lower extremity malperfusion was defined as miss-
ing femoral artery pulses, together with one or more of the following findings: radiographic
malperfusion of the affected limb, loss of sensorimotor function, paleness/discoloration
of the affected limb, or pain in the affected limb [10]. The Rutherford acute limb ischemia
classification system (class I–III) was used for clinical categorization of lower extremity
malperfusion [11]. For morphological analysis, the classification of aortic zones introduced
by Fillinger et al. [12] was extended to provide a more detailed description of zones 4, 5,
and 9 (Figure 1).
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2.5. Imaging Data and Follow-Up

The institutional protocol includes multidetector electrocardiography-gated computed
tomography angiography (CTA) of the entire aorta (supra-aortic branches to femoral
arteries) with a 1-mm slice thickness acquired at 60% of the R–R interval, corresponding to
late diastole. CTA was carried out before TEVAR; before discharge; at 3 months, 6 months,
and 12 months after the index procedure; and annually thereafter [13]. For the data
presented here, preoperative and postoperative CTA images were analyzed using certified
three-dimensional reconstruction software and centerline measurements (OsiriX PRO;
aycan Medical Systems, Rochester, NY, USA).

Morphological assessment was performed by visualization in a case-by-case fashion,
displaying the extent of the dissected segments, the localization of the main entry and the
re-entries, and the extent of the TLC, in terms of the aortic zones before the index procedure,
after TEVAR (based on the intraoperative angiography), and after treatment (including
a potential erAP). In order to visualize any potential distribution pattern in morphology,
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the cases were secondarily regrouped, comparing the cases treated by TEVAR alone with
the TEVAR + erAP cases. Assessment was performed by at least two experienced readers,
blinded to all clinical information. In the event of discrepancies, the investigators reached a
consensus. In addition, the intraoperative angiography findings following primary TEVAR
were evaluated.

The CTA before TEVAR and at least one postoperative CTA were available in all cases
(imaging follow-up [FU] 100%). FU was completed up to January 2022 for all 20 cases
(100%). No patient was lost to FU.

2.6. Statistical Analysis

Patient and disease characteristics are described as absolute and relative frequencies
for categorical variables and median (range) for continuous data [14]. FU was given by the
median, including the 25% and the 75% quantiles (Q1–Q3). Morphological presentation
was visualized at patient level and aggregated using further visualization methods.

3. Results
3.1. Demographics

Between March 1997 and December 2021, a total of 731 TEVAR procedures were
performed at the authors’ institution, in patients with various aortic pathologies, including
106 cases of cTBAD. Of these 106 patients, 23 (21.7%) presented with LLI. Three cases
without available preoperative and/or postoperative imaging results were excluded, leav-
ing 20 patients (20/106; 18.8%; 7 female, 13 male) with a median age of 53 years (range
32–82 years) for analysis (Figure 2). Concomitant visceral/renal malperfusion was found in
80% of cases (16/20), with renal involvement alone in n = 7, visceral malperfusion in n = 2,
and both renal and visceral malperfusion in n = 7. The most common comorbidity was
arterial hypertension (in 80% of cases, 16/20), while none of the patients had a documented
history of peripheral artery disease. Four patients had a history of kidney failure (20%),
with a pre-existing need for hemodialysis in n = 1 patient. The patient demographics are
displayed in Table 1.
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Table 1. Demographics.

Total (n = 20)

Age, median (median/range; years) 53 (32–82)
Gender (male/female) 13/7

ASA classification (median/range) 3 (1–5)
Heart failure 1 (5%)

Arterial Hypertension 16 (80%)
History of myocardial infarction 2 (10%)

Coronary artery disease 3 (15%)
Carotid artery stenosis 0 (0%)

Peripheral artery occlusive disease 0 (0%)
History of stroke 0 (0%)

COPD 2 (10%)
Diabetes mellitus 1 (5%)
BMI > 30 kg/m2 6 (30%)

Renal insufficiency * 4 (20%)
Need for hemodialysis 1 (5%)

History of smoking 5 (25%)
Previous aortic surgery/intervention 2 (10%)

Abdominal aorta 1 (5%)
Thoracic aorta 1 (5%)

Categorical data are n (number)/%. * (creatinine > 1.2 mg/dL). BMI: body mass index; COPD: chronic obstructive
pulmonary disease.

3.2. Clinical Presentation of LLI

Sixty percent (12/20) of the patients presented with immediately threatened extrem-
ities (Rutherford class IIb: n = 7, class III: n = 5). Eight patients (20%) presented mild
symptoms of LLI (Rutherford class IIa). Unilateral LLI was present in 70% (n = 14) and
bilateral LLI in 30% of cases (n = 6). Unilateral malperfusion was seen more frequently in
the right (9/14; 64.3%) than in the left limb (5/14; 35.7%). The median creatine kinase (CK)
level on admission was 149 U/L (range 52–1231; reference < 190 U/L), and the median
serum creatinine (Crea) level was 0.99 mg/dL (range 0.56–5; reference 0.6–1.3 mg/dL).

3.3. Procedural Data with Respect to TEVAR and Extremity-Related Adjunct Procedures

All patients except one were treated by TEVAR first, including main entry coverage
as an emergency procedure. The proximal landing zone (PLZ) was aortic zone 2 in 16/20
(80%) of the cases; in six cases revascularization of the LSA was performed simultaneously.
In one patient, iliac stenting of the affected limb was performed 11 days before TEVAR.
Resolution of LLI was achieved immediately in 16/20 (80%) patients after TEVAR, alone
with a median of one (range 1–3) implanted device and a median treatment length of
200 mm (range 145–300 mm).

In four cases (20%), TEVAR failed to restore the blood flow into the affected limb(s). In
these cases, additional erAP were performed during the index procedure. A femorofemoral
crossover bypass was performed in n = 2, iliac stenting in n = 1, and infrarenal aortic bare
stent implantation in n = 1. All procedural details are shown in Table 2. All erAP are
displayed case by case in Table 3.

Table 2. Procedural data.

Total (n = 20) TEVAR Alone (n = 16) TEVAR + erAP (n = 4)

Duration of procedure (min; median/range) 162 (83–435) 159 (83–384) 296 (125–435)
Radiation time (min; median/range) 13 (7–38) 13 (7–38) 19 (12–32)

Contrast agent volume (mL; median/range) 220 (90–480) 215 (90–480) 220 (220–250)
Dose area product (uGy/m2; median/range) 38,206 (2215–257,955) 40,500 (2215–257,955) 23,685 (8102–80,428)

CSFD 8 (40%) 6 (37.5%) 2 (50%)
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Table 2. Cont.

Total (n = 20) TEVAR Alone (n = 16) TEVAR + erAP (n = 4)

Preoperatively 6 (30%) 5 (31.25%) 1 (25%)
Postoperatively 2 (10%) 1 (6.25%) 1 (25%)

Implanted device
Gore® TAG® 2 (10%) 1 (6.25%) 1 (25%)

Gore® CTAG® 11 (55%) 10 (62.5%) 1 (25%)
Gore® CTAG® ACS 7 (35%) 5 (31.25%) 2 (50%)

No. of implanted devices
(median/range) 1 (1–3) 1 (1–3) 1 (1–1)

1 device 14 (70%) 10 (62.5%) 4 (100%)
2 devices 2 (10%) 2 (12.5%) 0
3 devices 1 (5%) 1 (6.25%) 0

Covered aortic length (mm) 200 (145–300) 200 (145–300) 200 (150–200)
Access

Transfemoral cutdown 17 (85%) 14 (87.5%) 3 (75%)
Transfemoral + transbrachial 3 (15%) 2 (12.5%) 1 (25%)

LSA-coverage 16 (80%) 12 (75%) 4 (100%)
Primary LSA revascularization 6 (30%) 5 (31.25%) 1 (25%)

AIHA/rapid pacing 1/9 1/8 0/1
Time to TEVAR (d; median/range) 1 (0–11) 1 (0–11) 0 (0–12)

Length of hospital stay (d;
median/range) 19.5 (1–98) 23 (2–98) 11 (1–19)

Length of ICU stay (d; median/range) 7 (1–32) 9 (2–32) 3 (1–19)

Categorical data are n (number)/%. ACS: active control system; AIHA: adenosine-induced heart arrest; CSFD:
cerebrospinal fluid drainage; d: days; ICU: intensive care unit; LSA: left subclavian artery; min: minutes;
mm: millimeter.

Table 3. Extremity-related adjunct procedures.

# Affected Limb TLC Reaching into
Affected Iliac Vessel? Type of erAP Angiography

before erAP?

Covered Aortic
Length (mm)

/DLZ
FU

19 Right No Femorofemoral COBP left to
right No 150/4.1 Death (MOF)

14 Both Yes Infrarenal aortic bare stent Yes 200/5.1 Death (MOF)

6 Left Yes
1. Stent left CIA/EIA left

2. Femorofemoral COBP right
to left

Yes 200/5.1 Death (CRF)

5 Right Yes Stent EIA left Yes 200/5.1 4

CIA: common iliac artery; COPB: cross-over bypass; CRF: cardiorespiratory failure; d: days; DLZ: distal landing
zone; EIA: external iliac artery; erAP: extremity-related adjunct procedure; mm: millimeter; MOF: multi-organ
failure; FU: follow-up; 4: alive in FU.

3.4. Extremity-Related Outcomes and Reinterventions

Fasciotomy was performed in 25% of cases (5/20), of which only one procedure was
prophylactic. All fasciotomies were performed during the index procedure.

While LLI-associated clinical impairment disappeared in 80% of cases (16/20; n = 15:
TEVAR alone, n = 1: TEVAR + erAP), in the remaining four patients (n = 1: TEVAR alone,
n = 3: TEVAR + erAP) postischemic sensorimotor deficits persisted, despite successful
reperfusion of the leg. One TEVAR-alone patient (initially presenting with prolonged
ischemia of the left leg, Rutherford class 2b) showed peripheral peroneal nerve palsy. In
the remaining three cases (initially presenting with Rutherford class 3 and concomitant
visceral/renal malperfusion) irreversible ischemia of the affected leg remained, leading in
one case to major amputation of the left leg 7 days after the index procedure. The other two
patients died of multiorgan failure due to their visceral/renal malperfusion, immediately
and 3 days after the index procedure, respectively.
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There was no need for any further extremity-related reintervention during the early or
late phase of FU in any case.

3.5. Mortality

During a median FU of 28.68 months (Q1 0.6 months, Q3 59.3 months, IQR 58.7 months),
six of the 20 patients died (overall mortality 30%). All of them died during the primary
hospital stay (in-hospital mortality 30%), an average of 4.5 days after TEVAR (range
0–168 days). Of these six patients, n = 3 were treated by TEVAR alone, yielding a mortality
rate of 18.75% (3/16) in this group, while the other three were treated with TEVAR and
erAP (3/4, 75%). The reasons for death were multiorgan failure in n = 4, cardiorespiratory
failure in n = 1, and liver failure in n = 1. None of the patients died due to LLI alone, but
rather due to a complicated course of cTBAD with multiorgan involvement.

3.6. Morphological Analysis

The primary entry was located in aortic zone 2 or 3 in 80% of cases (16/20), while only
four cases showed a primary entry in zone 4 or 5. The median length of the primary entry
was 15 mm (range 6–100 mm). In all cases, multiple re-entries were present (median 3,
range 1–9). In n = 15/20 (75%) TLC was present below the aortic bifurcation, extending into
the affected leg. In 5/20 (15%), the TLC did not reach further than the aortic bifurcation.
Post-TEVAR control angiography during the index procedure showed resolution of the
TLC in all but four cases (16/20, 80%). In these four cases, LLI persisted in the affected
limb/s, so erAP was performed.

The morphological presentation is detailed in Table 4 and visualized in case-by-case
fashion in Figure 3, which shows the extent of the dissected segments, the localization
of the main entry and the re-entries, and the extent of the TLC, in terms of aortic zones
before the index procedure (Figure 3A), after TEVAR (based on the intraoperative an-
giography) (Figure 3B), and after treatment (including a potential erAP) (Figure 3C). The
explanatory caption for Figure 3A–C is displayed in Figure 4. Figure 5 shows the initial
morphological pattern, comparing the cases subsequently treated by TEVAR alone with
the TEVAR + erAP cases.

Table 4. Morphological data before TEVAR.

Total (n = 20) TEVAR Alone (n = 16) TEVAR + erAP (n = 4)

Proximal ET
Zone 2 10 (50%) 8 (50%) 2 (50%)
Zone 3 6 (30%) 5 (31.25%) 1 (25%)
Zone 4 3 (15%) 2 (12.5%) 1 (25%)
Zone 5 1 (5%) 1 (6.25%) 0

Extent of ET (mm; median, range) 15 (6–100) 15 (6–36) 14.2 (12–100)
No. of Re-Entries (median, range) 3 (1–9) 3 (1–9) 3.5 (1–6)
Start TLC/Zone (median, range) 6 (4.2–11) 7 (4.2–11) 5.2 (5.2–8)

No. of TLC affected segment (median, range 4 (1–9) 3 (1–9) 5 (4–6)
One segment TLC 6 (30%) 6 (37.5%) 0
2 + segments TLC 14 (70%) 10 (62.5%) 4 (100%)

Concomitant visceral organ malperfusion 16 (80%) 12 (75%) 4 (100%)
TLC in affected leg 15 (75%) 12 (75%) 3 (75%)

Categorical data are n (number)/%. ET: entry tear; mm: millimeter; TLC: true lumen collapse.
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Figure 5. Secondary rearrangement according to morphological distribution patterns, comparing
TEVAR alone with TEVAR + extremity related adjunct procedure (erAP) cases.

Graphical analysis of the evaluated parameters showed a relation between the starting
point and the extent of the TLC regarding TEVAR success. (Figures 6 and 7A,B).

In addition, the first re-entry was located slightly further downstream in cases treated
with TEVAR and erAP. The number of re-entries did not differ between TEVAR alone and
TEVAR + erAP. Furthermore, neither the extent of the primary entry tear nor the distribution
pattern of the first entry, in terms of aortic zones, showed any apparent difference.
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4. Discussion

This analysis shows that LLI in cTBAD can be favorably managed with TEVAR alone.
In the majority of cases, proximal aortic repair led to a restoration of blood flow into the
affected limb, independently of the initial morphological extent of the cTBAD. In 20% (4/20)
of the cases presented here, however, LLI persisted, leading to erAP. Nevertheless, the
amputation rate was low (n = 1) and there was no need for extremity-related reintervention.

Isolated lower extremity malperfusion accounts for 5.7–30% of cTBAD cases [15–17],
with bilateral clinical ischemia in more than 50% [15]. Our findings are within this
range, with an 18.8% incidence of extremity malperfusion, predominantly in the form
of unilateral ischemia.

The incidence of cTBAD presenting with lower extremity malperfusion has to be
interpreted with caution, as in most studies downstream malperfusion syndromes are
lumped together, with no figures for extremity malperfusion only. This contributes to
the fact that malperfusion of the limbs in aortic dissection is frequently associated with
visceral/renal malperfusion [15,18–20], as was the case in 80% of our cohort.

By implication, limb ischemia can be considered as a clinical predictor for the severity
of the disease, as it indicates a greater extent of dissection [16,18].

Our data show an in-hospital mortality of 30%. However, mortality is related to the
consequences of visceral/renal malperfusion, rather than the limb ischemia in itself. In
line with our findings, data from the IRAD registry show threefold mortality in patients
presenting acute limb ischemia secondary to TBAD, with an association with mesenteric
infarction (OR = 6.9; 95% CI 2.5–20; p < 0.001), emphasizing the severity of cTBAD with
LLI [5,16].

Nevertheless, acute limb ischemia per se represents a serious condition, with hospital
mortality rates ranging from 10% to 30%, even in recent years, and with an unchanged
1-year mortality of around 40% [21,22]. Not least, patients presenting with LLI have
amputation rates of up to 30%, including a high proportion of amputations above the
knee [22,23].

Hence, cTBAD patients presenting with lower extremity malperfusion face both
dissection-related and extremity-related sequelae.

While TEVAR is clearly established as the first-line treatment for cTBAD to solve the
aortic problem, guidelines are less explicit regarding TEVAR for the treatment of LLI in
aortic dissection [24].

Data from type A aortic dissection cohorts indicate that in most cases extremity
ischemia will resolve after proximal aortic repair [20,25–27]. In a study of 335 cases of type
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A dissection, including 18.2% with limb ischemia, only 21.6% of the patients presented
with unrelieved ischemia after proximal dissection repair [20].

In general, the evidence on the treatment of lower extremity malperfusion in cTBAD
is scant. The available data derive mostly from small cohorts, mainly focusing on any
peripheral vascular malperfusion.

Nevertheless, some authors do support a TEVAR-first approach. Ryan and colleagues
reported their experience of TEVAR in a cohort of 68 cTBAD cases, showing malperfusion
in various vascular beds, 62% of them with LLI. Concomitant iliac artery stenting was
performed in 13 patients (21.3%), matching our 20% rate of erAP [28]. Similarly, Liu et al.
compared the treatment outcomes of TEVAR alone versus TEVAR with adjunctive proce-
dures in a collective of 86 type B dissections, including 24 patients with lower extremity
malperfusion, in order to identify potential risk factors for the necessity of adjunctive
procedures. They were able to show an association between the occurrence of LLI and
adjunctive procedures (OR 5.2, 95% CI 1.8–17.4, p = 0.003), thereby strengthening the hy-
pothesis that limb ischemia is a marker for more extensive dissection. In their analysis,
adjunctive procedures were ultimately necessary in about 20% of cases, whereas in 80%
of cases, TEVAR alone was sufficient [18]. Recently, Plotkin et al. reported on 42 patients
presenting lower extremity malperfusion in aortic dissection, of whom 26 had type B
aortic dissection. The authors compared a “limb-first” to a “dissection-first” approach,
with respect to resolution of the malperfusion. They found that 28% of the dissection-first
and 50% of the limb-first cases required reintervention to resolve their lower extremity
malperfusion. They concluded that proximal aortic repair might be more effective in the
treatment of lower extremity malperfusion [17]. This agrees with the findings of our study.

By contrast, some authors support a limb-first approach. Norton and colleagues
propose that aortic fenestration and branch vessel stenting alone may suffice to treat
dissection-caused malperfusion, even for LLI, and supporting their argument by reference
to the risks involved with TEVAR, such as retrograde aortic dissection and paraplegia [29].
A case series by Corfield et al. suggests femorofemoral crossover grafting as a fast and
reliable treatment strategy for acute limb ischemia due to type B aortic dissection [30].
Nevertheless, aortic reintervention in the form of TEVAR was necessary in 56% of their
cases during FU. Moreover, femorofemoral crossover grafting is not an option in the
presence of bilateral LLI.

Obviously, TEVAR does not guarantee resolution of lower extremity malperfusion.
However, a limb-first approach is not supported by previous publications or, although
somewhat implicitly, by our own data. The literature clearly shows that lower extremity
malperfusion due to aortic dissection is suggestive of associated malperfusion defects in
other peripheral vascular beds [20,31]. Thus, a limb-first approach is time consuming, with
the potential for fatal delays. Therefore, the therapeutic approach to cTBAD with LLI must
be holistic. This goal is achieved by proximal aortic repair, treating the site from which the
disease arises.

While most studies concentrate on clinical endpoints, our objective was to distinguish
certain morphological constellations arguing for or against a pure TEVAR approach. Theo-
retically, branch vessel malperfusions can be divided on pathophysiological grounds, into
dynamic obstructions and static obstructions. While dynamic obstruction seems to be more
prone to depressurization of the false lumen, dissected branch orifices, characterizing static
obstruction, might entail further adjunctive procedures [18,28,29,31]. Precise differentiation
is often complicated by the fact that imaging methods, e.g., CTA, are mostly static.

In evaluating dissection-relevant parameters, such as the primary entry tear, the re-
entries, and TLC, we were not able to distinguish any clear difference between cases in
which TEVAR alone failed and those where it was successful. Perhaps counterintuitively,
TLC appears to start at a more proximal level in cases treated with TEVAR alone, yet in
cases requiring erAP, TLC affected a greater number of segments in terms of cumulative
frequencies (Figure 6). More predictably, a location of the first re-entry further downstream
seemed to be associated with the need for erAP following TEVAR. One may hypothesize
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that the more re-entries are covered by the endograft, the greater the extent to which the
increase in true lumen perfusion is induced, thereby alleviating branch vessel malperfusion.

For now, there is no apparent morphological pattern enabling advance identification
of risk factors for the necessity of erAP. However, while the analysis showed that TEVAR
is sufficient in the majority of cases, there are several therapeutic options in the event
of clinical and/or morphological TEVAR failure, in terms of persisting malperfusion.
While the appropriate treatment for complicated aortic dissection continues to depend
on individual patient-related and surgeon-related factors, the morphological approach to
several parameters presented here may serve as a blueprint for ongoing research.

Limitations

In addition to the retrospective monocentric character and the inherent restrictions of
retrospective data, this study shows several limitations.

Because data retrieved from a TEVAR database including only patients who have
undergone placement of a thoracic stent graft, our cohort included no patients with limb
revascularization procedures only; a potential control group. However, due to the long-
standing institutional TEVAR-first approach in the treatment of cTBAD, missed cases are
unlikely. The indications for and timing of both TEVAR and erAP were at the discretion of
the treating surgeons and cannot be reconstructed for individual cases. Due to the long
inclusion period, the CTA data may differ in terms of imaging quality. Given the small num-
ber of cases, a distinctive statistical analysis was not performed. Despite extensive efforts
and detailed assessment, we were not able to identify a consistent morphological pattern.

Nevertheless, considering the limited nature of the literature regarding detailed mor-
phological assessment to date, this article represents an important addition to the existing
data, strengthening the role of TEVAR in cTBAD with LLI.

5. Conclusions

The data presented here strongly suggest that TEVAR-first-and-see is an adequate
strategy for the treatment of cTBAD presenting with LLI. Morphological parameters could
be of importance in terms of risk factors, predicting failure of TEVAR alone. In order to
recognize morphological patterns, potentially allowing for prospective individualization of
treatment, future large-scale multicenter collection of imaging data is imperative.
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