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ABSTRACT
Objective: This study examined the outcomes of our novel concept of expanded provisional extension to induce complete attachment strategy (Petticoat) for safety, durability, and remodeling of chronic type B dissections.
Methods: Twenty patients with chronic type B aortic dissection with aneurysmal degeneration qualiﬁed for an expanded
Petticoat strategy (stent graft in the thoracic, plus additional distal bare stent into the abdominal and infrarenal aorta,
followed by parallel stent grafts into common iliac arteries). Computed tomography was performed preoperatively and at
1, 6, and 12 months after surgery.
Results: The primary technical success was 100%. The 30-day mortality rate was 0%. At 12 months, favorable aortic
remodeling and complete false lumen (FL) thrombosis were noted as 100% in the thoracic and infrarenal aorta. The
volume of contrast-enhanced FL decreased from 186 6 75.4 mL all along the dissection preoperatively (range, 70-360 mL),
to 6.32 6 5.4 mL postoperatively (range, 0.0-19.6 mL) and was only observed in the visceral aorta (P ¼ .000089). Despite
persistent ﬂow in a small area of the FL, the maximal aortic size was stable in follow-up. Neither paraplegia nor visceral
branch occlusion were noted in the follow-up.
Conclusions: The treatment of aortic dissections with an expanded Petticoat strategy seems to be safe and offers good
early results. It signiﬁcantly reduced the volume of contrast enhanced FL. Further investigation of any subsequent results
will be necessary. (J Vasc Surg 2019;-:1-10.)
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In complicated or symptomatic aortic dissection (AD)
type B, thoracic endovascular aortic repair (TEVAR), in
addition to best medical treatment, is currently
advised.1-5 However, in the chronic phase, no beneﬁt
has been demonstrated.6-8 To improve the results of
endovascular aortic repair, a provisional extension to
induce complete attachment strategy (Petticoat) was
introduced in 2006.9-11 Unfortunately, the endovascular
repair of a proximal aorta does not prevent aneurysmal
degeneration in distal aortic segments in more than
one-third of cases.12 Insufﬁcient results with regard
to such a strategy led our team toward a new concept
of treatment known as the extended Petticoat
(e-Petticoat).13 We present the results (in a series of cases)
after 1 year of follow-up.
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METHODS
We treated patients with chronic (>3 months from the
onset of symptoms) aneurysmal degeneration of AD type
III B (DeBakey classiﬁcation14). All patients gave informed
consent for treatment with the e-Petticoat technique,
which was approved by the institutional review board.
Inclusion criteria. All subjects had aneurysmal degeneration or fast progressing aneurysmal degeneration
(maximal aortic size >5.5 cm or aneurysm growth
>1 cm/year). Most patients presented more than three
risk factors of aneurysmal degeneration. Epidemiology
is present in Table I. All patients underwent distal
re-entry located in the aortic bifurcation or at least one
iliac artery, and suitable proximal nondissected landing
zone in the aortic arch and descending aorta.
Exclusion criteria. Patients with a less diffused dissection
type IIIA (DeBakey) were excluded. Maximal total aortic
diameter (true lumen [TL] þ false lumen [FL]) in the
abdominal aorta on the level of the celiac trunk (CT) of
greater than 42 mm was not accepted. In such cases other
options were considered, for example, classic Petticoat,
fenestrated EVAR (FEVAR), or TEVAR, based on the choice
of the surgeon, which are not included in this article.
Oversizing. Oversizing for proximal nondissected landing zone (outer-to-outer diameter) was equal to 10% to
15%. For the distal end of the second covered stent,
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oversizing was compared with the total aortic diameter
(TL þ FL) and equal to between 10% and 20%. A BMSXL diameter was chosen to be at least equal to total
aortic diameter (TL þ FL) level to the CT.
Operative technique. The ﬁrst step was to deploy a
nitinol self-expandable Bare Metal Stent e Extra Large
(BMS-XL; Medicut, Pforzheim, Germany, with an available
range size of 14-40 and a range length of 70-200 mm) in
the visceral and infrarenal aorta to expand its TL. Afterward, a thoracic stent graft (Medtronic Talent, Santa Rosa,
Calif) was deployed (with overlap), distally to the left subclavian artery (LSA). To overlap the proximal stent graft and
BMS-XL, additional thoracic covered stent graft was
placed inside with at least 2 mm oversizing. The distal
covered stent had to terminate about 6 cm above the CT.
In the case of device compression within TL (observed
in all cases; FL severe expansion and TL collapse) forced
ballooning of all devices was performed (Tri-Lobe Balloon
Catheter; Gore, Flagstaff, Ariz), from the proximal to the
distal part of the aorta. Finally, inside the BMS-XL, two
covered stent grafts (Endurant II, Iliac Extension; Medtronic, Santa Rosa, Calif) were placed between renal
arteries and both iliac common arteries, as parallel
kissing iliac stent grafts. Afterward, angioplasty of the iliac
extension with two Reliants (Stent Graft Balloon Catheter, Medtronic, Santa Rosa, Calif) were performed (kissing balloons technique), followed by ﬁnal angiography.
e-Petticoat planning is presented in Fig 1.
All procedures were performed under general anesthesia. Cerebrospinal ﬂuid drainage was inserted in all
cases as a standby strategy before surgery (opened only
in the case of paraplegia). The mean arterial pressure
was maintained at a range of 80 to 100 mm Hg during
surgery and in the postoperative period. Heparin dosage
varied between 50 and 80 mg given intravenously in
relation to the activated clotting time at a range of 200
to 250 seconds.
Additional procedures. If a visceral branch was
completely detached (only arising from the FL), a safety
wire (soft hydrophilic coated guide wire, Terumo, Somerset, NJ) was inserted inside it before BMS-XL deployment.
If necessary, an additional a 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 the TL at the end. In the case of iliac
external artery dissection, additional self-expandable
nitinol stents (Wallstent, Boston Scientiﬁc, Marlborough,
Mass) were deployed to support the TL (followed by angioplasty with an angioplasty balloon) without oversizing.
Remodeling assessment. Computed tomography
angiography was performed before surgery and at 1, 6,
and 12 months after surgery. A remodeling assessment
was carried out before and 12 months after surgery.
Favorable remodeling was deﬁned as TL re-expansion,
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Key Findings: A new endovascular strategy
(expanded provisional extension to induce complete
attachment strategy [Petticoat]), used in 20 patients
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favorable remodeling and stable aortic size in all
cases at 1 year. The volume of contrasted false lumen
decreased from 186 to 6.32 mL.
Take Home Message: The expanded-Petticoat strategy seems to offer good early results in type B aortic
dissection with signiﬁcant reduction of the contrastenhanced false lumen and favorable remodeling.

complete FL thrombosis, and stable aorta size at
follow-up. Assessment was performed for the thoracic
aorta, abdominal/visceral aorta, and infrarenal aorta (plus
iliac arteries). FL status was assessed qualitatively as
patent, or partially or totally thrombosed. Aortic volume
was measured from the ﬁrst entry (below the LSA) to
distal re-entry (iliac artery bifurcation). The volume was
measured for a contrast-enhanced FL volume (CEFLV) in
the arterial and late venous phases, total FL volume FL
(meaning: contrasted and thrombosed parts of a FL
together), TL volume eTL and total aortic volume (TL þ
FL) by the use of Osirix software (Pixmeo SARL, Bernex,
Switzerland).
Statistics. Data are expressed as mean, range, and standard deviation. Comparisons of continuous variables
were performed using the Wilcoxon test for dependent
variables owing to their abnormal distribution. Differences were considered signiﬁcant if the P values was
less than .05. All statistical analyses were conducted
using Statistica software (version 13, StatSoft; Dell, Round
Rock, Tex).

RESULTS
Between 2013 and 2016 (population of 1.7 million in the
West Pomerania region), 125 patients were treated surgically for an AD. There were 69 type A and 56 type B ADs
(Stanford classiﬁcation). We only performed open surgery
in type A dissections (Bental or replacement of the
ascending aorta with or without debranching as a stage
procedure). Patients with diffused type A AD after cardiac surgery (type I DeBakey) were then carefully followed. Some needed additional intervention including
TEVAR, FEVAR, Petticoat, or e-Petticoat in the descending aorta (these patients were not included in this study).
In type B AD, we only carried out endovascular intervention (not open surgery). Seventeen patients were operated
on in the acute phase owing to complicated AD. Chronic
degeneration was recognized in 39 cases. Thirty patients
had distal re-entry in iliac arteries (IIIB Stanford), 20
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Table I. Patient epidemiology
No. or
mean 6 SD

Percent or
range

Demographics
Male/female

14/6

70%/30%

Age, years

59.7 6 11.57

40-84

V-POSSUM morbidity, %

14.32 6 13.1

2.9-98

V-POSSUM mortality, %

0.9 6 0.6

0.3-19

Time from dissection to
implant, months

27 6 18

6-48

Complications
Renal failure (chronic dialysis)

1

5

Bowel malperfusion

7

35

Limb ischemia

6

30

Impending rupture

1

5

Risk factors
Aorta size >40 mm

11

55

Size growth >1 cm/year

14

70

4

20

12

60

Fusiform index >0.64
Entry >10 mm
Entry on an inner curve

6

30

FL >22 mm

18

90

Partial FL thrombosis

17

85

Age <60 years
A summary of the number
of risk factors

9

45

3.9 6 1.8

2-6

Indication for surgery
Maximal aortic size >5.5 cm
Fast aortic size growth
Recurrent chest pain

7

35

14

70

7

35

FL, False lumen; SD, standard deviation; V-POSSUM, Vascular Physiological and Operative Severity Score for the enUmeration of
Mortality and morbidity.

received the e-Petticoat procedure, and 10 were given
other treatments (including Petticoat [n ¼ 5] or TEVAR
[n ¼ 3] or FEVAR [n ¼ 2], depending on the choice of the
surgeon) and were closely followed up for the next few
months. These patients were not included in this study.
Finally, a series of 20 patients were selected from a total
of 125 cases. The mean time from the acute event (or
when the recognition occurred) to intervention date
was equal to 27 6 18 months (range, 3-63 months) in
this group.
Early results. The primary technical success rate was
100%. The mean procedure duration was around
2.5 hours (range, 1.0-4.5 hours). Mean contrast media
was 180 mL (range, 120-440 mL). Early mortality
(<30 days) was 0%. Wound complication was reported
in two cases (lymphorea, which was treated conservatively), acute renal failure with temporary dialysis
(one case). Peripheral embolization (treated by thrombectomy) in one case. Malperfusion, neurologic

complications (stroke, transient ischemic attack, paraplegia), stent-related complications (rupture, stentinduced distal redissection, misplacement, or collapse)
were not observed.
Midterm results. No symptoms or complications
(including stroke, paraplegia, renal insufﬁciency, and leg
or bowel ischemia) were noted after 12 months. All patients are still alive and doing well. All of the patients
completed the 1-year follow-up. The mean follow-up
time was 16.95 6 5.27 months (range, 12-27 months).
However, late stent complications (device disconnection
owing to small overlap) were noted in one case (with a
recurrence of chest pain). This complication was been
successfully treated with a stent graft extension. A type IA
endoleak was noted in another case after 6 months (leak
to the FL in the thoracic aorta from dissected LSA). This
problem was resolved with a covered stent deployed to
the LSA and an aortic stent graft deployed below the left
common carotid artery through a “periscope sandwich”
technique (a 2-cm elongation of the proximal landing
zone). The mean glomerular ﬁltration rate remains greater
then 45 6 12.4 mL/min/1.73 m2 at follow-up (one patient
was already on hemodialysis owing to end-stage renal
disease before surgery). The freedom from re-intervention
survival rate was 94% after 6 months and 88% after 1 year
and has remained unchanged to date.
Remodeling. Favorable remodeling in the thoracic and
infrarenal aorta was noted in all cases (FL complete
thrombosis). In three cases (15%), the FL was completely
thrombosed, as well in the abdominal aorta. In most
cases (n ¼ 17 [85%]), a partial FL thrombosis (a small
contrast-enhanced FL volume called focal FL perfusion
(FFLP) was noted in the abdominal aorta. However, its
volume slowly decreased in later follow-up. In seven
cases, who have completed 2 years follow-up, the mean
volume of contrasted FL was 7.4391 mL after 1 year and
4.572 mL after 2 years. The status of aortic lumen and size
at follow-up is presented in Table II.
An example of remodeling is presented in Fig 2. It
shows typical issue before surgery including: ischemia of
the left kidney before surgery (Fig 2, A), dissection of the
left renal artery supply from the FL (Fig 2, B), and dissection
of both iliac common arteries with distal re-entry at the
common iliac artery (Fig 2, C). The favorable remodeling
details after surgery, for example, uncompromised perfusion of the left kidney from both FLs and TLs (Fig 2, D), FL
perfusion from dissected left renal artery (Fig 2, E), and
the clothed gutters between parallel iliac stent grafts,
which closed the distal re-entry (Fig 2, F).
Effective TL restoration was noted in 100% of cases with
signiﬁcant FL volume reduction. Aortic size was stable in
follow-up in all cases.
Visceral branch patency was 100% after surgery. No new
branch occlusions were noted in follow-up. The status of
visceral branches in follow-up are presented in Table III.
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Fig 1. e-Petticoat planning. CT, Celiac trunk; RA, renal artery.

Table II. Status of aortic lumen and size in follow-up
Remodelling (N ¼ 20)

Initial

Wilcoxon test P value

12 Months

Volume, mL
FL (perfused)

186.0 6 75.4

70-360

6.32 6 5.4

0.0-19.6

.000089

FL (perfused þ thrombosed)

233.0 6 101.7

80-493

83.5 6 55.2

4.0-261.7

.000103

TL

110.9 6 70.0

22.7-328.6

269.2 6 80.5

133.0-481.6

.00039

Total aorta

331.7 6 143.0

102.7-675.0

353.7 6 96.9

193.0-569.0

.217

Maximal size, mm
Aortic arch

36.2 6 3.8

31-45

36.2 6 3.8

31-45

.998

Thoracic aorta

47.1 6 9.7

30-70

43.8 6 9.3

30-65

.033

Abdominal aorta

33.2 6 6.6

22-42

34.5 6 7.05

22-42

.139

Infrarenal aorta

29.9 6 9.46

20-55

30.6 6 8.93

20-55

.463

FL, False lumen; TL, true lumen.
Values are presented as mean 6 standard deviation and range.

From 33 stenotic or occluded visceral branches, 29 were
completely restored (88%) and remain patent in
follow-up. Only four renal arteries were left without
improvement.

DISCUSSION
The Petticoat technique
The combination of stent grafting with bare-stenting in
AD was ﬁrst proposed by Mossop et al.9 The aim was to
cover the entry tear with a stent graft and then distally

expand the TL with a bare stent, promoting FL thrombosis and protecting distal perfusion. Mossop et al10 in
a later work proved the safety of bare stents in AD.
Although Mossop et al9 ﬁrst used a TEVAR þ BMS strategy (known as the STABLE procedure), the PETTICOAT
concept was completed by Nienaber et al in 2006.10
Lombardi demonstrated favorable remodeling of the
aorta following the Petticoat strategy.11 He et al (2015)15
published data noting a 70% rate of complete thrombosis in the FL in the thoracic aorta and only 20% within
the abdominal section. He et al15 proposed the initial
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Fig 2. Aortic remodelling after e-Petticoat.

Table III. Status of visceral branches in follow-up
Visceral branches (N ¼ 20)

P

CT

SMA

RRA

LRA

Initial static occlusion

3

2

3

2

10

Initial dynamic occlusion

2

3

9

9

23

Initial supply only from FL

3

0

6

4

13

Initial supply from FL and TL

3

3

5

6

17

Restored during surgery

5

4

10

10

29

Not restored during surgery

0

0

2

2

4

Additional branches stenting
during surgery

0

0

0

1

1

Dissected branches powered
the FL after treatment

4

0

6

7

17

CT, Celiac trunk; FL, false lumen; LRA, left renal artery; RRA, right renal
artery; SMA, superior mesenteric artery; TL, true lumen.

implantation of BMS-XL, followed by stent grafts (with
overlap), to prevent stent-induced distal redissection
(SIDR).15,16
The e-Petticoat concept
The breakthrough observation was the effect of distal
re-entry, which was left untreated during endovascular
aortic repair.12,15,17 Moreover, we have noted many BMSXL stents collapsed after classic Petticoat, resulting in a
progression in FL size. This meant we focused our
endeavors toward a decrease in the pressure in the FL
by closing all re-entry and strengthening the BMS-XL
radial force. Therefore, two additional parallel iliac stent
grafts were placed inside the BMS-XL, starting just below
the renal arteries and ﬁnishing near common iliac artery

bifurcation. This reinforced BMS-XL radial force in the
infrarenal aorta, protecting against its collapse. To do
so, the BMS-XL had to be implanted ﬁrst, followed by
stent grafts (with overlap), as suggested by He et al,15,16
to not simply prevent SIDR, but also to amplify the
BMS-XL radial force. This procedure can also gently
extend the largest available BMS-XL over 40 mm. Therefore, the maximum size of the aorta (TL þ FL) suitable for
e-Petticoat procedure at the CT level could be up to
42 mm. Using Steel COOK (COOK Medical, Bloomington,
Ind) dissection devices, this could be even extended to
45 mm. However, to decrease the potential risk of corrosion between the steel and nitinol frames, we decided to
use only nitinol implants (Medicut BMS-XL).18 A fully
expanded BMS-XL in the visceral aorta might act as a
perfect custom-made fenestrated stent graft (intima
membrane, working as stent graft sheathing spread
over the BMS-XL), improving branch ﬂow.
Safe and effective reinforcement of the BMS-XL relies
on the deployment of the thoracic stent graft around
6 cm above the CT and the iliac parallel stent graft just
below the renal arteries. This positioning protects the
visceral branches, as well as the arteries supplying the
spinal cord.
Ballooning
The main goal of ballooning is to fully expand the
chronically compromised TL, therefore, the collapsing
FL. This procedure must be carried out from the top to
the bottom to transfer blood out of the FL. Complete
collapse of the FL acts just like the Knickerbocker technique, cutting out the FL perfusion even if a re-entry
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Fig 3. Visceral branches and stent deployment. FL, False lumen; TL, true lumen.

tear is left uncovered.19 This procedure is considered safe
if it is carried out inside the stent graft,15,20,21 although
this might carry risk in a signiﬁcantly oversized BMS
(>20%).22 An accidental intima tear might be acceptable
to achieve full TL expansion and maintain peripheral ﬂow
(ie, the STABILISE concept).19-21,23 A lack of sufﬁcient
ballooning might lead to insufﬁcient TL expansion and
promote a leak to the FL. In fact, 100% of our patients
received complete forced balloon angioplasty along the
deployed devices and neither SIDR nor aortic rupture
were observed. The only ballooning complication was a
pushing out of the thrombus from a FL of a degenerated
iliac artery into its TL. This was relatively easy to remove
with a thrombectomy catheter.
Visceral branches safety
In most cases, BMS-XL deployment is safe for the
branches, because dynamic obstruction is usually related
to intima compression (this varies in a cardiac cycle)24
and usually exists with a distal redissection of the branch.
In contrast, static obstruction usually halts the ﬂow
completely. BMS-XL deployment reduces the size and
ﬂow in the FL, solving this problem (Fig 3).
We observed this effect in 33 visceral branches. There were
13 branches supplied completely from the FL and 17 supplied from both TL and FL. Additionally, we also noted a
reopening of renal arteries that had been previously
completely occluded (in static mechanism in six cases).
We would not recommend stenting it as a primary intervention (higher contrast and radiation, longer surgery
time, as well as the risk of kidney damage). Only complete

occlusion of the visceral arteries (on the table, owing to
embolization or thrombosis) should be immediately
treateddone case in our studydwith a BMS (Zilver;
COOK Medical) to the left renal artery. Moreover, we did
not notice any association between volume change in
the FL with the fate of the branch vessels after treatment.
Additionally, we were unable to ﬁnd any reports or suggestions of such a matter in literature (after Petticoat or Stabilize). Perhaps this is because most these kind of cases (with
an abdominal aorta of >42 mm owing to the extended FL)
were primarily qualiﬁed for FEVAR or branched EVAR procedures. However, it might be an issue in the case of
completely detached branches when the TL is collapsed.
Therefore, we carried out a safety precannulation of those
vessels (always in case of SMA), which enabled the retrieval
of the TL and easy stenting through the eye mesh of the
BMS-XL if necessary.25 This strategy has worked well to
date.
A ﬁnal concern is the risk of late BMS endothelization.
This phenomenon is mainly anticipated in multilayer
ﬂow modulator (MFM) stents. Endothelization of the
MFM (highly dense meshes) is a normal therapeutic process enabling the implant to ﬁt tightly along its wall.
However, after MFM implantation, the branches remain
patent in follow-up.26,27 Because the Medicut BMS-XL
mesh is less dense than MFM, the risk of branch occlusion owing to endothelization should be minimal.
Volumetric and diametric measurement. It was
decided to use both diametric and volumetric measurement. However, volumetric measurement is not a proven
method for the assessment and prediction of
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Table IV. Volume changes after endoluminal aortic dissection (AD) treatment (literature search)

Initial volume, mL
(mean value)

Volume after
TEVAR, mL
(mean value)

Volume after
Petticoat/
Stabilize, mL
(mean value)

Case no.

Follow-up
time, years

TL

FL

TL

FL

TL

FL

17

2

132

257

220

178

d

d

Chemelli-Steingruber28

11

6

Unknown

Unknown

154%

167%

d

d

Stanley31

13a

1

141

224

206

155

d

d

Stanley31

10b

1

230

302

255

341

d

d

Ertugay26

17

>1

143

198

207

125

d

d

Author (reference)
Huptas29

133

>1

100

290

150

150

d

d

Sobocinski32

43

1

150

197

251

102

d

d

Melissano27

25

1

84

332

d

d

193

223

He13

35

>1

86

319

d

d

227

108

34

1

127

266

d

d

261

194

13

He

32

Sobocinski
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FL, False lumen; TL, true lumen; Petticoat, provisional extension to induce complete attachment strategy.
a
Completely thrombosed FL.
b
Contrast-enhanced FL volume.

Fig 4. Gutters between parallel iliac grafts and focal false
lumen (FL) perfusion.

aneurysmal degeneration, because there is an unknown
threshold of FL volume (or a better contrast-enhanced FL
volume) related to the greater risk of rupture. This is of
course opposite to diametric measurement, where we
can have some threshold in the case of any risk of
aneurysmal degeneration (eg, FL of >22 mm, total aortic
diameter of >40 mm, fusiform index, etc). Nevertheless,
there are some doubts regarding the accuracy of the
diameter threshold in the case of precise risk assessment
and rupture prediction.28 It has been suggested that
diametric measurement should be supplemented by
volumetric analysis, because it offers similar accuracy to

diametric measurement but can better predict the
changes in lumen volumes at follow-up (and especially
predict FL thrombosis more effectively).29-31 There are
also suggestions that the increasing FL volume predicts
the increasing risk of rupture.31,32 Many authors currently
shift toward simultaneous diametric and volumetric
assessment of the lumens.30-35 When focusing on
changes in the TL/FL ratio, only volumetric measurement
can offer an accurate picture of the situation. The most
important reason to use those methods simultaneously
was offered by Melissano: “volume measurements overcome some of the limitations of diameter measurements, which may be performed only at a few discrete
locations, with limitation on sickle-shaped TL and with
difﬁcult replication of the exact location of different
measurements in CT scans taken at different times.”31
The importance of FL thrombosis in achieving favorable
remodeling is well-known. The presence of a partial FL
thrombosis is sometimes questioned as a strong risk
factor of aneurysmal degeneration. Therefore, some
authors have noted the importance of measuring the
volume of the perfused FL.35 This is called CEFLV or FFLP.
Following their lead, we also divided measurements of
the FL volume into total and perfused areas (performed
in the late venous phase of computed tomography
angiography). A diametric measurement itself seems to
be useless in such an assessment.
Remodeling
Remodeling after an e-Petticoat is acceptable. The
thoracic and infrarenal aorta were fully protected, and
FL completely thrombosed. Maximal aortic size was stable in follow-up. Visceral branches were wide open and
patent. Similar results were reported by other authors.15
He et al15 reported a signiﬁcant decrease in the FL
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Fig 5. Example of persistent ﬂow to intercostals / spinal, lumbar, and sacral arteries 24 months after e-Petticoat.

volume after Petticoat. However, complete FL thrombosis in the abdominal aorta was only observed in 20%
of cases. Another drawback of their study was that these
investigators did not measure the volume of contrasted
FL. Partial FL thrombosis is a well-known risk factor for
aneurysmal degeneration. Therefore, it is not total FL
volume reduction that is crucial, but the diminished
volume of the contrasted (meaning perfused) FL that is
required to prevent degeneration.
Changes in the FL/TL volume after endoluminal AD treatment was already examined after TEVAR, Petticoat, and
Stabilize by other investigators. A Literature search is
presented in Table IV. A comparison of literature data
with our results suggest the e-Petticoat reduces CEFLV
reasonably effectively. This factor seems to be important
because reducing, or better, stopping the ﬂow in a FL
was a basic condition of many concepts, like the candy
plug, knickerbocker, or septostomy, as examples.12,17,19,23,36
An e-Petticoat not only promoted favorable remodeling in
the thoracic area, but also in the intrarenal aorta (which
signiﬁcantly decreased the volume of contrasted FL).
This is because the distal re-entry (in iliac arteries) is effectively covered. The only supply to FL remains in the
abdominal aorta from partially or completely torn visceral
arteries (Table III). Only patients without branch dissection
present complete FL thrombosis after BMS-XL deployment (three cases in our series; Table III).

Therefore, the only remaining concern is regarding
small areas with persistent ﬂow in the FL (this only in
the visceral part of the aorta). We have called it FFLP.
The reason for its formation is the transmission of pressure from the tear branches into the FL (in cases where
the TL is not fully decompressed by the BMS-XL). This
creates a space for blood ﬂow into the FL.
FFLP seems to be the weakest link in our method.
However, it might be considered a sparing phenomenon
for small and completely torn branches (supply only
from the FL). Fig 4 present the blood ﬂow along the gutters between parallel iliac grafts (toward the iliac, sacral,
or inferior mesenteric artery) and focal perfusion of the
FL above the renal arteries which my supply the blood
to smaller branches (eg, intercostal or spinal artery).
Despite the presence of FFLP, the spinal cord must
have been perfused effectively because paraplegia was
not observed in any of our patient group.
The risk of neurologic complications
Despite treating most parts of the aorta, spinal perfusion
problems were not observed. An appropriate mean arterial pressure and anticoagulation during surgery, as well
as postoperatively, is apparently of great value. General
anesthesia allows a comfortable surgical approach (in
both groins and sometimes the arm), and the patient is
able to regain consciousness immediately after surgery,
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which can enable an immediate assessment of active leg
movement. The use of a branch-sparing strategy might
also be helpful (e-Petticoat leaves all side branches all
along the visceral and infrarenal aorta). This prevents
ﬂow to the spinal, sacral, and lumbar arteries. A good
example of persistent ﬂow to the intercostals/spinal, lumbar, and sacral arteries 24 months after e-Petticoat is
provided in Fig 5. The FL is thrombosed in thoracic aorta,
stopping the ﬂow to the intercostals (Fig 5, A). There is a
preserved ﬂow to the intercostal/spinal artery seen in a
late venous phase (Fig 5, B), and also to the lumbar artery
from the gutter between kissing stents through the eye
mesh of BMS-XL (Fig 5, C). There is preserved ﬂow to the
sacral (Fig 5, D) and spinal artery in late venous phase
(Fig 5, E). There is a visible channel (FFLP) inside thrombosed FL in the low thoracic aorta (Fig 5, F) and the
abdominal aorta (Fig 5, G). This focally perfused FL has
been supplied from dissected right renal artery (Fig 5, H).
Limitations
Although the initial results are encouraging, it is still too
early to change the current paradigm (especially to
extend qualiﬁcation to uncomplicated/asymptomatic
patients having iliac re-entry with the presence of aneurysmal degeneration risk factors). So far, this attempt is
not recommended. However, waiting too long in the
case of the presence of many risk factors might end
with severe degeneration. This could be very demanding
in the case of treatment (FEVAR, branched EVAR,
physician-modiﬁed grafts) and carry a very high risk of
complications.37 One striking concern should be focused
on FFLP in the visceral aorta. However, this is yet unproven, so any changes to the original Petticoat technique could be seen as a new route. Therefore, we felt
it was important to share these developments with the
medical community. We will continue in our endeavors
in the examination of this technique over the next few
years. A comparison between e-Petticoat, Petticoat, and
FEVAR procedures has also been carried out with international collaboration regarding chronically degenerating AD.

CONCLUSIONS
The treatment of ADs through the expanded Petticoat
strategy seems to be safe and has offered good early
results. It has signiﬁcantly reduced the volume of
perfused FL. Further investigation into subsequent results
will be necessary.
We are indebted to Simon Bretherton (an English
native speaker) for his assistance in the preparation of
this article.
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