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Aortic Remodeling After Extended
PETTICOAT Technique in Acute Aortic
Dissection Type III B.
Arkadiusz Kazimierczak,1 Paweł Rynio,1 Tomasz Jędrzejczak,2 Rabih Samad,1 Anita Rybicka,3

and Piotr Gutowski,1 Szczecin, Poland
Background: The aim of this paper was to evaluate a new technique called an ‘‘extended’’ pro-
visional extension to induce complete attachment (e-PETTICOAT) technique.
Methods: In this prospective single-center clinical study, the primary safety end mid-term
remodeling is evaluated for the new endovascular technique. It was based on a standard Petti-
coat and limited Stabilize technique, extended by the placement of 2 covered stents within the
abdominal bare metal stent as parallel iliac stent grafts down to the iliac bifurcations. Computed
tomographic angiography was performed postoperatively to assess aortic remodeling after 12
and 24 months. Changes in aortic size and volumes of the false and true lumen were assessed.
Results: Between January 2014 and December 2015, 17 patients were treated due to acute,
complicated aortic dissection type III B, according to the DaBekey classification. All patients pre-
sented with branch vessel obstruction/compromise, including six cases with aortic impending
rupture. A 100% technical success rate was recorded regarding the resolution of complications.
Favorable remodeling was achieved in 100% of the cases. Complete false lumen thrombosis in
the thoracic, infra-renal aorta and the iliac artery was noted. A small volume (9.51 ± 6.9 mL)
contrast-enhanced false lumen in the abdominal aorta was observed in 76% of cases with stable
aortic size after 1 and 2 years. No visceral branch occlusion, type I endo-leak, renal insufficiency
or paraplegia was recorded in follow-up.
Conclusions: The expanded PETTICOAT technique was feasible in achieving favorable
remodeling in acute extensive aortic dissection. Extended followup is needed to ascertain
long-term results.
This article presents a series of 17 cases of a new endovascular method called E-PETTICOAT
(EJVES 2018 https://doi.org/10.1016/j.ejvs.2018.07.038) used in complicated acute and exten-
sive type IIIB dissections. Favorable remodeling was achieved in 100% cases with stable aorta
diameter after 1 and 2 years. It was shown that the extended PETTICOAT technique gives good
remodeling in acute and extensive aortic dissection. This method can potentially provide a one-
step solution and an easier alternative to FEVAR/BEVAR procedures. In order to ensure favor-
able results, further research is needed on a wider scale with long-term followup.
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INTRODUCTION

Thoracic endovascular aortic repair (TEVAR) is the

currently accepted method of treatment in compli-

cated acute type B (Stanford classification) aortic

dissection (TBAD).1e3 However, this usually does

not provides good remodeling, which leads to aneu-

rysmal degeneration over a number of years.2,4e6 To

improve the remodeling rate, the ‘‘provisional

extension to induce a complete attachment’’

(PETTICOAT) technique was utilized. In this tech-

nique, an additional bare-metal stent (BMS) was

deployed distally to TEVAR devices.7,8 However, at

5 years, no remodeling was achieved with the

abdominal aorta.9,10 In 2012 a ‘‘stent-assisted

balloon-induced intimal disruption and relamina-

tion’’ (STABILIZE) technique was proposed for

aortic dissection.11 This relied on a forced ballooning

of devices deployed initially in order to rupture the

lamella and create a single-channeled aorta. How-

ever, due to the potential risk of aortic rupture,

and lack of information concerning follow up the

STABILIZE technique was not widely accepted.12

In order to improve the remodeling rate and reduce

the frequency of late interventions, we introduced

the E-PETTICOAT technique.13,14 This is based on

an extension of the standard Petticoat technique

by the placement of 2 covered stents within the

abdominal BMS as parallel iliac stent grafts, starting

just below the renal artery and terminating below

the distal tear, including down to the iliac bifurca-

tion. This is the first presentation of themid-term re-

sults of this one-step technique used with acute type

IIIB aortic dissection.
MATERIALS AND METHODS

This was an observational single-center clinical

study with ethical committee approval for analysis

given by the Pomeranian Medical University

Bioethics Committee. The cohort data was prospec-

tively recorded between January 2014 and

December 2015 and then analyzed retrospectively.

Written consent was obtained from patients for

both the procedure and data collection in all cases.
Inclusion Criteria for Surgery
Patients were treated for acute complicated aortic

dissection type III B (DeBakey classification 15) us-

ing the E-PETTICOAT technique. All patients had

to have distal re-entry located in at least one iliac ar-

tery, and a suitable proximal nondissected landing

zone in the aortic arch and descending aorta. A left

subclavian artery (LSA) with the arch in zones 3
or 4 of dissection did not exclude the patient; how-

ever, an additional intervention was employed to

obtain adequate proximal sealing.
Exclusion Criteria for Surgery
Asymptomatic and uncomplicated cases were

excluded. A less extended dissection type IIIA

(DaBekey) was excluded. A maximal total aortic

diameter (TL + FL) in the abdominal aorta of

>40 mm was not accepted.
Endovascular Intervention
All procedures were performed under general anal-

gesia. Coagulation was achieved with heparin

aimed at an activated clotting time range between

250 and 300 sec. A cerebrospinal fluid drainage

tube was inserted preoperatively and left closed on

standby for 3 days. Access to the vessels was ob-

tained from both common femoral arteries. The

size of the true lumen (TL) was obtained mainly

from the right or left brachial artery (not dissected).

All vessels were surgically exposed. The TL was

catheterized with a 5F pigtail catheter, with angio-

graphic checks.
Proximal Landing Zone
Patients with the dissected left subclavian artery

(LSA) received additional stenting of the LSA at

the beginning of the whole procedure. In such a

case, we used a self-expandable covered stent

(Fluency, Bard) supported by a bare-metal stent

(Wallstent, Boston Scientific) as a periscope (over-

sizing - 2 mm). The LSA periscope was then covered

by a sandwich technique with a thoracic stent-graft.

The sandwich thoracic stent-graft (Valiant Captivia,

Medtronic Endurant, Santa Rosa, CA) placement

started from the left carotid artery to extend the

proximal landing zone and terminate 5 mm prox-

imal to the distal end of the LSA periscope.

If the size of the LSA exceeded 12 mm or there

was extremely sharp subclavian-aortic angle shown

by computed tomographic angiography (CTA), a left

carotid subclavian by-pass (ringed PTFE 6 mm) was

performed, plus orifice occlusion of the LSA with a

12e16 mm occluder (Amplatzer, Abbott) before

other endovascular interventions.
Modified Petticoat/Stabilize
Initially, a 200 mm long Bare-Metal Stent Extra

Large (BMS-XL; Medicut, Pforzheim, Germany)

(in all cases) was deployed in the visceral and

infrarenal aorta terminating 1e3 cm proximally to

the aortic bifurcation. This was followed by thoracic



Fig. 1. E-PETTICOAT technique. CT, Celiac Trunk; RA, Renal Artery.
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stent-grafts to cover the proximal entry tear. The

second (distal) covered stent graft was deployed in

the descending thoracic aorta landing 5e6 cm prox-

imally to the celiac trunk (CT) with an overlap (at

least 5 cm) between the proximal stent-graft and

distal BMS-XL. Thoracic Valiant Captivia stent-

grafts (Medtronic Endurant, Santa Rosa, CA) were

used in all cases.

Oversizing in the proximal nondissected landing

zone (outer-to-outer diameter) was equal to 10%

(TL + FL). For the distal end of the second covered

stent, oversizing was compared with the total aortic

diameter (TL + FL) and equal to between 10 and

15%.

BMS-XL diameter was chosen to be at least equal

to the total aortic diameter (TL + FL) at the level of

the celiac trunk (CT).

A 46 mL semi-compliant catheter balloon

(Reliant, Medtronic, Santa Rosa, CA) was used to

dilate the stent-grafts and obtain re-lamination

(including rupture of the intima) of the descending

aorta (using the STABILIZE technique). The

ballooning was constrained to nominal stent-graft

diameter, due to fabric which protected the aorta

from over-distention.

Abdominal stent dilatation was performed with

the same semi-compliant balloon. For safety rea-

sons, dilatation did not exceed total aortic diameter

inside the bare stent (intentional rupture of the

intimal lamella was avoided -Limited STABILIZE/
PETTICOAT). The ballooning may only support

spontaneous TL expansion to spread the intima

over the BMS-XL surface (complete relamination

was not intended). Due to safety concerns, we did

not repeat the ballooning more than twice in case

of incomplete BMS-XL expansion.
Extended Petticoat
Finally, 2 covered iliac kissing stents (KS) were

implanted. Regular ilia extensions (Endurant, Med-

tronic, Santa Rosa, CA) were used in all cases (usual

length 156 mm and 16 mm in size). KS was

deployed inside the BMS-XL, beginning from the

level of the renal arteries and terminating in both

common iliac arteries below distal reentry. The

oversizing of KS was equal to 2e3 mm, compared

to the common iliac artery size (TL + FL). Force

ballooning of the iliac kissing stents was then per-

formed. The kissing balloon technique was utilized

to rupture the lamella in the iliac arteries, to relami-

nate the membranes and cover the distal re-entry

(STABILIZE). Again, ballooning was constrained to

nominal stent-graft diameter, as its fabric protected

the iliac artery from over-distention. Ballooning

was performed under continuous radiological con-

trol. Transesophageal echocardiography was used

in all cases to control wire positions, to observe

ballooning, and assess the flow in the FL at the

end of the procedure in the thoracic segment.



Table I. Patient epidemiology

Epidemiology
n
Mean ± SD

Male/female 16/1

Age (years) 50.9 ± 11.5

V-POSSUM morbidity (%) 9.3 ± 13.4

V-POSSUM mortality (%) 1.9 ± 0.6

Complications

Renal malperfusion (dialysis required) 4

Bowel malperfusion 8

Lower limb Ischemia 10

Impending rupture or rapid dilatation 6

Intractable pain or hypertension 6

Risk factors

Aorta size >40 mm 6

False lumen >22 mm 13

Fusi-form index >0.64 4

Entry >10 mm 16

Entry on an inner curve 5

Partial FL thrombosis 13

Age <60 years 11

Risk factors summary 3.9 ± 1.8
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The details of our technique are presented in

Figure 1.
Visceral Branch Interventions
If a visceral branch was completely detached (i.e.,

only arising from the FL), a safety wire (soft hydro-

philic coated guidewire, Terumo, Somerset) was

inserted inside it before BMS-XL deployment. If

necessary, an additional self-expandable stent was

deployed (through the BMS-XL mesh) to the orifice

and the proximal part of the branch to keep it open

and connect with a TL at the end.

In the case of iliac external artery dissection, addi-

tional self-expandable nitinol stents (Zilver, Cook

Medical, Bloomington) were deployed to support

the TL (followed by angioplasty with an angioplasty

balloon) without oversizing.

Completion angiography was performed to

confirm FL obliteration and patency of all visceral

arteries. If possible, patients were immediately

awakened after surgery to evaluate the neurolog-

ical status and usually monitored for 3e4 days in

the Intensive Care Unit or in a surgical ward. The

cerebrospinal fluid drainage tube was removed

3 days after surgery. There was no need to reopen

it in any of the cases. In the case of a complicated

course with prolonged dialysis, mechanical venti-

lation, or the need for circulatory support, patients

were treated in the Intensive Care Unit to full

recovery.
Assessment of the Technique
Aortic remodeling was assessed using computed

tomographic angiography 1, 6, 12, and 24 months

after surgery. Lifelong followup will be continued

in all cases. The evaluation was performed using a

medical imaging viewer (Osirix MD 9.0, Pixmeo

SARL, Bernex, Switzerland).

Aortic outer diameter (TL + FL) was measured

respectively: in the arch at the level of the left com-

mon carotid artery, directly below the left subcla-

vian artery, and level with the bronchial

bifurcation, CT, superior mesenteric artery (SMA),

at the origin of the renal artery (RA), and 5 cm

below the RA.

Lumen volume was measured using the region of

interest (ROI) mode available with the Osirix medi-

cal imaging viewer. Slices were assessed cross-

sectionally every 2.5e3 mm.

FLvolume (perfused+ thrombosed) andContrast-

Enhanced False-Lumen Volume (CEFLV) were

calculated separately. CEFLV is the volume of the

FL filed with contrast during CTA (venous phase).

Changes in aortic size, thrombosis of the false

lumen, and volumes of the false and true lumens

were assessed.

Favorable remodeling was defined as a stable

aortic size (maximal size change<5mm),with com-

plete, true lumen reexpansion and complete false

lumen thrombosis.

Unfavorable remodeling was considered in cases

with progressing aneurysmal degeneration, true

lumen collapse, massive endoleak to a false lumen,

and/or impairment of the perfusion of visceral ar-

teries and lower limbs.
Statistics
Data are expressed as means, standard deviations,

and ranges. Comparisons of counted variables

were performed using Fisher exact tests. Mann-

Whitney U-tests were used to compare quantifiable

variables. Repeated measurements of size changes

in followup were compared via a Wilcoxon signed-

rank test. The relationship between 2 quantifiable

variables was examined by regression analysis. Dif-

ferences were considered significant if P � 0.05.

All statistical analyses were conducted using com-

mercial software (Statistica version 13, StatSoft,

Dell, Round Rock, Texas).
RESULTS

Over a 2-year period (January 2014eDecember

2015), 38 patients were treated with acute type B



Table II. Remodeling results

Volume (mL)

Initial

Range

24 months

Range

Wilkoxon test

mean ± SD mean ± SD P-value

CEFLV 191 ± 107 24.7e403 9.51 ± 6.9 0e19.6 0.0003

FL 229 ± 101 75e412 72.6 ± 59 0e192 0.0015

TL 127 ± 90 22e328 279 ± 105 158e481 0.0058

Aorta (TL + FL) 356 ± 156 188e671 338 ± 139 193e632 0.8139

Maximal size (TL + FL) (mm)

Aortic arch 35 ± 4.4 27e42 35 ± 4.3 27e42 0.5939

Thoracic aorta (LSA) 37 ± 4.6 28e42 37 ± 5.2 29e42 0.7352

Thoracic aorta (trach.bif.) 39 ± 5.5 30e47 41 ± 4.5 32e45 0.0163

Abdominal aorta (CT) 32 ± 3.1 32e40 33 ± 5.6 32e42 0.9442

Abdominal aorta (SMA) 31 ± 2.9 31e40 33 ± 3.1 32e41 0.0004

Abdominal aorta (LRA) 27 ± 4.2 22e34 30 ± 4.9 29e38 0.0128

Infra-renal aorta 27 ± 4.2 22e34 30 ± 4.9 20e30 0.3328
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(Stanford classification) aortic dissection (from a

population of 1.7 � 106 in the district of West Pom-

erania, Poland); 16 became asymptomatic after

receiving best medical treatment and were strictly

monitored by repeating computed tomographic

angiography in followup; 5 complicated/symptom-

atic cases with distal re-entry localized at the level

of or above the visceral arteries (Type IIIA DaBekey)

received TEVAR (n-3), Petticoat (n-1) or Stabilize

(n-1) and were not analyzed in this study; 17 pa-

tients were treated with the E-PETTICOAT tech-

nique with complicated aortic dissection type III B

(DeBakey).

In order to achieve a proximal landing zone, 2 pa-

tients required additional stenting of the LSA, and 2

patients received left carotid-subclavian by-pass

plus LSA occlusion.

All patientswere qualified for surgery in the acute

phase. 10 cases were treated within the first 2 weeks

after the onset of symptoms due to the severity of the

clinical course. Treatment of seven less symptomatic

patients took place a fewdays later than planned due

to delayed transfer from another hospital. Theywere

finally treated between 2 and 3weeks after the onset

of symptoms (early subacute phase).

Epidemiology, risk factors, and complication

types in the course of aortic dissection are present

in Table I.

In a Vascular Physiological and Operative

Severity Score for the enumeration of Mortality

andMorbidity (V-POSSUM) risk score, the E-PETTI-

COAT techniquewas qualified as aminor operation.

Most of the patients presented more than three risk

factors for future aneurysmal degeneration and suf-

fered from more than one complication (Table I).

Initial aorta sizes are presented in Table II.
Technical Success Rate and Early

Mortality
The technical success rate was 100%. That meant:

good sealing in the proximal landing zone; relami-

nation of the dissecting lamellas along the thoracic

stent-grafts and iliac parallel stent-grafts; visceral

BMS-XL sufficiently dilated in all cases without

any associated complications; stopped FL perfusion

in the thoracic segment confirmed by transesopha-

geal echocardiography in all cases.

With complete visceral branch detachment (sup-

ply only from FL), branch dissection was perfused

from both lumens TL/FL or static occlusion was

recordedpreoperative in27arteries, andarteries addi-

tional visceral branch stentingwasnecessary only in4

arteries. Two arteries (one SMA and one LRA)

initially completely detached from the TL and needed

stenting (through the BMS-XL mesh) to keep them

open after the ballooning of the BMS-XL. And 2

SMA arteries (arising from the TL) due to their static

occlusion. No other additional procedures were

required to preserve perfusion of the renal arteries,

whether arising from TL, FL, or both before surgery.

All becamewide open and satisfactorily perfused after

surgery and remained patent in followup.

The numbers for each type of scenario are pre-

sented in Figure 2. For simplification of the presen-

tation, only the renal artery is present on the

scheme, but the relevant artery could be any of

the visceral branches, including celiac trunk (CT),

superior mesenteric artery (SMA) or right renal ar-

teries (RRA) or left renal artery (LRA).

No neurological complications, including stroke

and paraplegia, were noticed after surgery. Malper-

fusion resolved in all cases. However, some patients



Fig. 2. Visceral branches status and scenario of treatment.

(A)No significant stenosis of the visceral branches (CT-14;

SMA-10; RRA-4; LRA-3). (B) Occlusion of the branch

(CT-0; SMA-2; RRA-5; LRA-3). (C)-Distal branch dissec-

tion (CT-2; SMA-2; RRA-5; LRA-7). (D)Complete detach-

ment of the branch orifice (CT-1; SMA-1; RRA-3; LRA-4).

(E)-Static occlusion of the branch with FL thrombosis

(CT-0; SMA-2; RRA-0; LRA-0). (F) Pre-cannulation of

the detached branch before BMS-XL deployment. (G) Pre-

cannulation initially occluded branch before BMS-XL

deployment. (H) Widely open branch after BMS-XL im-

plantation. (I) Well perfused branch after only BMS-XL

implantation. (J) Additional BMS in the branch.
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(n¼ 6) developed reperfusion syndrome andneeded

temporary dialysis. Seven patients needed pro-

longed respiratory and circulatory support in an

intensive care unit for longer than 3 days. Other pa-

tients (n ¼ 5), with initial bowel malperfusion, suf-

fered from diarrhea for 3e5 days after surgery,

though this cleared up without further other inter-

vention. Most patients (n ¼ 12) reported chest pain

in the posterior thoracic, which responded well to

painkillers and resolved spontaneously before

discharge. No mortalities were noted in 30 days.
Mid-term Results
At followup, all patients were doing well without

any symptoms. The mean follow-up time was
27 ± 13.2 months (with range of 24e42 months).

No paraplegia, stroke, kidney failure, new visceral

branch occlusion, or recurrence of any other symp-

toms were reported.
Aortic Remodeling
Favorable remodeling was observed in all cases. The

FL was completely thrombosed in the thoracic and

infra-renal aorta, as well as in the iliac artery. Partial

FL thrombosis was noted in 13 patients (76%),

although only in the visceral segment (covered by

the BMS-XL). The CEFLV was minimal

11.23 ± 7.4 mL, after one year and was similar

9.51 ± 6.9 mL after 2 years (P ¼ 0.978).

Aortic sizes grew immediately after surgery. They

were; in the arch, 34.3 ± 3.9 mm at the level of the

left common carotid artery; directly below the left

subclavian artery 40 ± 10 mm; at the level of bron-

chial bifurcation 42 ± 9.9 mm; CT 36 ± 7.1 mm;

SMA 36 ± 5.3 mm; at the origin of LRA

32 ± 4.8 mm; and 5 cm below the LRA

30 ± 7.3 mm. Afterward, these sizes remained stable

in all cases at 24 months followup. A lack of any sta-

tistical difference was noted between the size at the

postoperative period and after 2 years followup. No

type I endo-leak, aortic size progression or degener-

ation were noted in followup. A summary of the

remodeling features is presented in Table II.
DISCUSSION

TEVAR is currently recommended in the treat-

ment of complicated type B aortic dissection,1,2,15

but simple TEAVR does not guarantee favorable

remodeling. According to earlier guidelines (Euro-

pean Association for Cardio-Thoracic Surgery -

EACTS 2012): ‘‘The only important type of endo-

leak after TEVAR in the treatment of aortic dissec-

tion is type Ia (ante-grade perfusion of the false

lumen), and type II (perfusion of distal entry tears)

should not be considered as an endoleak’’.16 Since

2017, guidelines (European Society for Vascular

Surgery - ESVS) have emphasized the role of the

type IB endoleak, which might be responsible for

rapidly progressing aortic dilatation and should

be treated either by open or endovascular

methods.2 It is hard to say which patients will

deteriorate in follow-up1,2,17e23 based only on

currently known risk factors. However, data from

previous studies suggest aortic size will grow by

50%, and at least 30% of patients will need open

or endovascular intervention due to aneurysmal

degeneration within the first 5 years.24 However,

there is no consensus on what is ‘‘too much or



Fig. 3. An example of distal false lumen degeneration in

IIIB AD (DaBekey) 2 years after successful PETTICOAT

procedure. (A) Good proximal landing zone. TL fully

expanded. Proximal entry tear covered satisfactorily.

(B) CT (and SMA) wide open and supplied with TL.

BMS-XL gentle compression. Progression of aneurysmal

degeneration of the abdominal aorta. (C) Aneurysmal

degeneration of the infra-renal aorta. (D) FL completely

thrombosed in the thoracic aorta. Moderate stent-graft

compression. (E) Patent LRA and RRA supplied with

TL. TL supported by BMS-XL. FL perfused from distal

re-entry. (F) Partial FL thrombosis and aneurysmal

degeneration in the infra-renal aorta. Distal re-entry pre-

sent in the proximal part of the left common iliac artery.

Volume -, - 2019 Remodeling after E-PETTICOAT technique 7
not enough’’. Complete aortic cover by the use of

fenestrated endovascular aortic repair (FEVAR)

devices carries a certain risk of paraplegia and

could be seen as an overtreatment at the acute

phase.25 Encouraging reports regarding the use of

the STABILIZE technique is not widely recognized

due to the existing risk of aortic rupture whilst

forcing ballooning and unknown long term re-

sults.11,26 An endovascular intervention is reason-

ably easy if done at the acute phase. However, it

will be more problematic if degeneration has pro-

gressed to the severe form.25 Therefore, type IIIB

aortic dissection (DaBekey) should be carefully

considered in terms of more complex initial

treatment.

The early results of PETTICOAT or STABILIZE

could be said to be satisfactory regarding TL re-

expansion and FL volume reduction in the acute

phase.27,28 Following Soboci�nski, we were not able

to demonstrate any benefit in volume remodeling

between TEVAR or Petticoat performed in type

IIIB aortic dissection at 1 year follow up.27 In most
cases, progressive degeneration was observed if FL

was distal from deployed devices. See Figure 3.

Therefore, our proposal follows a slightly

different form from the PETTICOAT/STABILIZE

procedures,26 especially concerning the safety of

forced ballooning of the aorta. We try to avoid un-

controllable rupture of the intima in the visceral re-

gion (covered only by an aortic BMS), due to the fact

that complete re-lamination is sometimes impos-

sible in this region, no matter how hard it is

forced.12,26

Instead of STABILIZE (proposed byMellisano 26),

we prefer to reinforce the aortic BMS by a simple

modification (proposed by He8). In this technique,

the thoracic stent-graft is deployed inside the distal

BMS-XL. Initially, this was a method to diminish

the risk of stent induced new entry (SINE). We do

this modification to prevent BMS collapse (in its

thoracic part) and to spare more intercostal arteries

above the Celiac Trunk because, in contrast to a steel

BMS (e.g. Dissection Device from COOK), Medicut

BMSs sometimes collapse without support from



Fig. 4. Perfusion between the branches in visceral and

infra-renal aorta after E-PETTICOAT. (A) FL completely

thrombosed in the thoracic aorta. Stent-graft wide

open. (B) Complete FL thrombosis with reduced distal

thoracic aorta size. (C) Complete thrombosis of infra-

renal FL and the gutters between of parallel iliac stent-

grafts. (D) Covered distal reentry in the right common

iliac artery. Total relining of the dissection membranes

in the iliac segment. (E) Preserved flow to the intercostal

artery from partially perfused FL. Partial FL perfusion af-

ter PETTICOAT in the visceral area. (F) Properly

expanded BMS-XL supporting intima in the visceral

aorta. Minor CEFLV in partially perfused FL. CT (and

SMA) wide open and supplied with TL. BMS-XL nicely

expanded. Nongrowing diameter of the aorta in the

abdomen and infra-renal region (no signs of degenera-

tion). (G) Well perfused renal arteries. Abdominal aorta

effectively assisted by BMS-XL.
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the inside (the choice of BMS was economic). The

use of a COOK steel BMS with high radial force

would be equally good for the e-Petticoat technique.

However, the most important modification is the

use of 2 parallel iliac stent-grafts (regular iliac EVAR

extensions), which are used to reinforce the infrare-

nal part of the BMS, cover distal reentry and relami-

nate themembranes in the common iliac arteries.All

of these maneuvers can stop the flux of the pressure

to the FL frommultiple re-entry points. See Figure 4.

The main advantages of this modification may be

reflected in greater safety and better remodeling

(through the promotion of FL thrombosis in the

infrarenal and iliac segment). E-PETTICOAT is

similar to the covered endovascular reconstruction

of aortic bifurcation (CERAB) and diminishes radial

mismatch between parallel grafts.29 It reattaches the

dissected membranes, and most importantly, saves

blood flowing through gutters between kissing
stents to all lumbar and sacral arteries (thanks appli-

cation of the BMS in an intrarenal segment).14

Therefore, perhaps because of this, we did not

observe any spinal cord ischemia in any of our pa-

tients neither after the operation nor in followup.

In this way, E-PETTICOAT might be considered as

not an ‘‘overtreatment’’ a ‘‘not too much’’

technique.

Another issue is the patency of visceral

branches. Our mid-term results suggest that the

stenting of all dissected visceral branches (espe-

cially renal arteries) is not necessary if they are

well perfused just after the procedure. One prob-

lem is the complete detachment of the branch or

static occlusion presented before surgery (see

Fig. 2). This avoidance of unnecessary manipula-

tion in the renal arteries saves time, contrast vol-

ume, and radiation, and above all, it reduces the

risk of procedural complications.
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Favorable remodeling in patients treated with the

e-PETTICOAT technique is reflected in the stable

size of the aorta in followup. FL thrombosis occurred

all along with the dissection, together with a very

small volume of FL perfusion, which supplies the

intercostal arteries. A typical observation in our se-

ries was the dilatation of the aorta just after surgery

(due to oversizing of implanted devices).8,11,26,28

The size of the aorta was stable afterward in fol-

lowup. Therefore we mainly focused on FL throm-

bosis and its volume reduction as an important

factor linked with good remodeling in aortic dissec-

tion.2,8,28,30e32 E-PETTICOATmeant that similar re-

sults could be achieved in the thoracic and visceral

aorta, both offered by the STABILIZE and PETTI-

COAT techniques,8,11,26 but this is the first time

that there has been a total FL thrombosis in the

infra-renal and iliac segments and a stable size in

the visceral aorta in the case of type IIIB aortic

dissection (DaBekey) after a one-stage procedure.
Limitation
The small number of patients in our series is an

obvious limitation. The observation period may be

too short to definitely conclude any consequences

of spinal cord perfusion, as FL might thrombose

completely in the long term (CEFLV slowly dimin-

ished over time). Additionally, it is difficult to be

sure of what is going to happen to aortic size if re-

gions are not completely relined (with no ruptured

lamella and one luminal aorta in the visceral region

in some cases). If this happened, it would be difficult

to treat a patient with a fenestrated stent-graft,

because of 2 parallel iliac stent-grafts deployed close

to the renal artery. Those cases might need open

repair or custom made branched devices (similar

to the way in which custom made T-Branch

COOK has been used to fix an endo-leak or growing

aneurysm after Nelix implantation). Lastly, it is not

known what the perfusion of the dissected,

although nonstented renal arteries will be after 5e
10 years. At the moment, we cannot assess whether

E-Petticoat is over- or undertreatment. Therefore, a

longer follow-up period is required to validate these

initial results, as well as the safety and durability of

this technique.
CONCLUSIONS

The expanded PETTICOAT techniquewas feasible in

achieving favorable remodeling in acute extensive

aortic dissection. An extended followup is needed

to ascertain long-term results.
We are indebted to Dr. Jeremy Clark (a native speaker of

English) for his assistance in the preparation of the manuscript.
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