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Background

Perigraft hygroma (PGH)
§ Collection of sterile fluid
§ > 3 months postop
§ Hounsfield unit < 30

§ Ultrafiltration of acellular, protein 
rich serum components through 
ePTFE, polyester and vein
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Blumenberg et al Surgery 1985;97:194
Ahn et al Am J Surg 1987;154: 173 
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Clear

Background: Varying fluid consistency

Semisolid, gelatinous 
proteinaceous

May occur after any vascular reconstruction
§ AV Graft
§ Aortic repair
§ Ax-Fem

§ Fem-Fem
§ Fem-Pop
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Background
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Etiology

Patient-related
§ Host versus graft reaction
§ Immunoallergic reaction
§ Hyperfibrinolysis with repetitive 

bleeding, coagulation, and 
liquefaction 

§ Malnourishment
§ Low Hemoglobin
§ Genetic predisposition

Graft-related
§ Premature wetting of the graft with 

blood, fat, organic solvents (alcohol, 
antibiotics): hydrophobic surface 
becomes hydrophilic 

§ Excessive graft manipulation / forced 
irrigation

§ High-flow (> 1L/min)
§ Graft kinking: 41% increase in leakage

Fibroblast inhibition, Ultrafiltration & Poor Graft Incorporation
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§ Avoid 
– Graft wetting with alcohol, betadine, serum, liquefied fat, or blood.
– Stretching of the graft
– Angulation or bending
– Excessive handling of the graft
– Forced irrigation

§ Use protective sheath for atraumatic tunneling 
§ Remove venous/distal clamp first to avoid rapid filling and 

pressurization of the graft with blood
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Prevention

Difficult to estimate: 
§ Early: confused with Hematoma
§ Late: detected only when symptomatic

Non-Aortic 
§ Fem-Pop: 2% (38 studies of 1,609 procedures)

van de Weijer Semin Vasc Surg 2015: 28; 112

§ Extra-anatomic (ax-fem; fem-fem): ~ 4%.  
Ahn et al Am J Surg 1987; 154: 173
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Frequency

Open Aortic Reconstruction 
§ Thought to be low
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Frequency

Henry Ford Series
98 Aortic Repairs with ePTFE
§ Overall frequency: 18%
§ 20% ePTFE vs 0% Polyester

§ 20% intervention
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J Vasc Surg 2011;54:637

1111

140 patients
♂ 93 (66%): ♀ 47 (44%)
Mean age: 69.3 (37-89)

AAA 127: AIOD 13

ePTFE 88 (63%)
AAA: 75
AIOD: 13

Polyester 52 (37%)
AAA:52
AIOD: 0

Mean Follow-up: 5.2 years (0.5-15.9)

J Vasc Surg 2020:72:154

Case Western Reserve / University Hospitals Series
§ Frequency of Hygroma: 16% (23/140)

– All after AAA repair
– ePTFE (24%, 21/88) vs Polyester (3.8%, 2/52) (P =.002) 

§ 14 patients had multiple CT
– 7 stable / 1 shrinkage
– 6 enlargement

§ Symptomatic development: 17% (4/23)
– All > 8 cm
– 2 ruptures
– 2 compressions

12

2 deaths

Results
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Late abdominal aortic aneurysm enlargement after
endovascular repair with the Excluder device
Jae-Sung Cho, MD, Ellen D. Dillavou, MD, Robert Y. Rhee, MD, and Michel S. Makaroun, MD,
Pittsburgh, Pa

Objectives: Behavior of the abdominal aortic aneurysm (AAA) sac after endovascular abdominal aortic aneurysm repair
(EVAR) is graft-dependent. The Excluder endograft has been associated with less sac regression than some other stent
grafts. Long-term follow-up has not been reported.
Methods: Between May 1999 and July 2002, 50 patients underwent EVAR with the Excluder bifurcated endoprosthesis.
These patients were followed up prospectively with computed tomography (CT) at 1, 6, and 12 months and yearly
thereafter. One immediate conversion to open surgery and three deaths occurred within 6 months. One additional patient
was lost to follow-up. The remaining 45 patients, 35 men and 10 women, were followed up for at least 1 year, and form
the basis for this report. Their mean age was 73 ! 5.5 years. The minor axis diameter at the largest area of the AAA on
CT examination was compared with the baseline measurement at 1 month and to the smallest size previously recorded
during follow-up. Change in sac size of 5 mm or greater was considered significant. Mean follow-up was 2.7 ! 1.2 years
(range, 1-4 years). Nominal variables were compared with the "2 test, and continuous variables with the Student t test.
Results: A significant decrease in average AAA sac diameter was observed at 6-month, 1-year, and 2-year follow-up. These
differences were lost by the 3-year evaluation, because of delayed sac growth (n # 9) and re-expansion of once shrunken
aneurysms (n # 3). The probability of freedom from sac growth or re-expansion at 4 years was only 43%. At last
follow-up, sac expansion occurred in the absence of active endoleak in nine patients. Type II endoleak was associated with
sac expansion in three patients (P # .003), resulting in one conversion to open surgery after the 4-year follow-up. No
graft migrations, AAA ruptures, or aneurysm-related deaths were noted.
Conclusions: Late aneurysm sac growth or re-expansion after EVAR with the Excluder device is common, even in the
absence of endoleak. Although the incidence of important clinical sequelae is low at this point, the incidence of aneurysm
expansion should be taken into consideration during the risk-benefit assessment before EVAR repair with the Excluder
device. (J Vasc Surg 2004;39:1236-42.)

Since it was first reported in 1991,1 endovascular repair
(EVAR) of abdominal aortic aneurysms (AAA) has resulted
in the introduction of many commercial devices intended
for the treatment of aneurysmal disease. To date four
endograft devices (Ancure, Guidant; AneuRx, Medtronic/
AVE; Excluder, W. L. Gore & Associates; Zenith, Cook)
have been approved by the Food and Drug Administration
(FDA). Three remain commercially available.

As midterm and long-term results are emerging, de-
vice-specific clinical outcomes with respect to frequency of
endoleak, incidence of device migration, risk for limb
thrombosis, and change in aneurysm sac size have been
recognized. Each device has been associated with disparate
long-term results. Previous reports have suggested that the
type of endograft is strongly correlated with the likelihood
of sac regression.2 While shrinkage of the aneurysm sac
after EVAR may be desirable, a stable aneurysm has never
been linked to any untoward effects. Sac enlargement,
however, implies elevated pressure in the aneurysm sac, and
so far has been associated mainly with endoleak. Few iso-

lated cases of sac enlargement after Excluder implantation
have been documented and linked to the presence of a sac
hygroma.3,4 The exact extent of this phenomenon is not
known. We reviewed our experience with the first 50
patients to determine the frequency of late sac enlargement
after EVAR with the Excluder device.

PATIENTS AND METHODS

Between May 1999 and July 2002, 50 patients under-
went EVAR with the Excluder bifurcated endoprosthesis at
the University of Pittsburgh Medical Center. All patients
were part of the multiple-phase trials of the device before
FDA approval, and signed a research informed consent
form. All data were and continue to be collected prospec-
tively, according to the trial protocols. The institutional
review board at the University of Pittsburgh School of
Medicine approved all the multiphase trial protocols.

All patients underwent preoperative spiral computed
tomography (CT) with 2.5 mm collimation. Preoperative
angiography was used only when length measurements
could not be accurately determined from CT images and in
cases of unusual anatomy. Postoperative CT scans were
obtained with and without contrast material enhancement
at 1, 6, and 12 months, and yearly thereafter. Four-view
plain radiographs were also obtained at each follow-up visit,
and were evaluated for modular disconnection or device
migration.

From the Division of Vascular Surgery, University of Pittsburgh Medical
Center, Presbyterian University Hospital.
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Frequency after EVAR

Probability of freedom 
from sac growth or 
re-expansion at 4 years 
was only 43%

§ Led to the device 
modification in 
2024 

§ Addition of low 
permeability layer
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Two decades of experience in
explantation and graft preserving
strategies following primary
endovascular aneurysm repair
and lessons learned
Sherif Sultan1,2,3*† , Yogesh Acharya1,2† , Mohieldin Hezima1,
Keegan Chua Vi Long1, Osama Soliman3, Juan Parodi4,5

and Niamh Hynes3†

1Western Vascular Institute, Department of Vascular and Endovascular Surgery, University Hospital
Galway, National University of Ireland, Galway, Ireland, 2Galway: Department of Vascular Surgery and
Endovascular Surgery, Galway Clinic, Doughiska, Royal College of Surgeons in Ireland and National
University of Ireland, Galway affiliated Hospital, Galway, Ireland, 3CORRIB-CURAM-Vascular Group,
National University of Ireland, Galway, Ireland, 4Department of Vascular Surgery and Biomedical
Engineering Department, Alma mater, University of Buenos Aires, and Trinidad Hospital, Buenos Aires,
Argentina, 5Winston-Salem and St. Louis: Wake Forest University, Winston-Salem, North Carolina and
Washington University in St. Louis, St. Louis, Missouri, United States of America

Objectives: We aim to scrutinize our evolving re-intervention strategies
following primary endovascular aortic aneurysm repair (EVAR) - EVAR GORE
SalvAge Fabric Technique (ARAFAT), aortic sac double breasting with
endograft preservation, and stent-graft explantation.
Methods: We performed 1,555 aortic interventions over the study period,
including 910 EVARs. Factors associated with the need for reintervention and
the likelihood of chronic fabric fatigue failure (CFFF) were investigated. Using
conventional and innovative diagnostic modalities with Prone contrASt
enHanced computed tomography Angiography (PASHA), 136 endoleaks (ELs)
were identified (15 type I, 98 type II; 18 type III; 5 type IV).
Results: Forty-four (4.84%) patients underwent re-intervention post-primary
EVAR; 18 ARAFATs, 12 double breastings, and 14 explantations. Choice of re-
intervention was based on patient fitness and mode of failure. Mean EL
detection duration following primary EVAR was 53.3 ± 6.82 months, while
mean time to re-intervention was 70.20 ± 6.98 months. The mean sac size
before the primary EVAR and re-intervention was 6.00 ± 1.75 cm and 7.51 ±
1.94 cm, respectively. Polyester (61.40%) was the most commonly employed
stent-graft material. Use of more than three modular stent-graft components
(3.42 ± 1.31, p= 0.846); with the proximal stent-graft diameter of 31.6 ±
3.80 cm (p= 0.651) and the use of iliac limbs more than 17 mm (p= 0.364),
all added together are contributing factors. We had one peri-operative
mortality following explantation due to sepsis-induced multiorgan failure.
Conclusions: Our re-intervention strategies matured from stent graft
explantation to graft preservation with endovascular relining of the stent-
graft. Graft preservation with aortic sacotomy and double breasting were
used to manage concealed ELs due to aortic hygroma.
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endovascular procedures, complications, reintervention, explantation, graft preservation
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Frequency after EVAR

§ 910 EVARs
§ 44 (4.8%) reinterventions

– 18 Relining
– 12 Open aortic plication
– 14 Explantation

Sultan et al, Frontier in Surgery 2022 

Some Regress!

15

Oct 2022Sept 2021 Oct 2023

Indication for Treatment

§ Symptoms from mass effects
– Pain
– Compression (nausea / emesis 

/ graft thrombosis) 
– Rupture 

§ Size: > 8 cm

16

King et al J Vasc Surg 2020:72:154
Kadakol et al J Vasc Surg 2011;54:637

Dauria et al J Am Coll Surg 2006;203:506
Sultan et al Ann Vas Surg 2021:72:647

Aorto-caval Fistula

Rupture

§ Aspiration / I&D

§ Tight wrapping of the aneurysm wall

§ Microfibrillar collagen injection into the periprosthetic space
§ Laparoscopic fenestration with resection of the sac

§ Marsupialization 

§ Plasmapheresis 

17

Treatment Options

§ Complete removal of the pseudocapsule and 
affected graft replacement with a different 
material

18

Treatment Options: Explantation

Adedigba et al Vascular 2021:29:244
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Treatment Options: Relining

years, then presented with an increase of aortic sac
to 12 cm with abdominal and low back pain, partly
because of AH (<25 HU), type IIIb, and type Ib EL to

the enlarged previously double-breasted aortic sac.
He required ARAFAT, which sealed the aortic sac
and abolished his abdominal and low back pain.
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Fig. 1. Flowchart showing the adoption of the Prone ContrASt EnHanced Computed Tomography Angiography
(PASHA) and EVAR GORE SalvAge FAbric Technique (ARAFAT).

650 Sultan et al. Annals of Vascular Surgery

After EVAR

Relining Explant

19

interquartile range (non-normal distribution). The categorical
outcomes were summarized with percentages and proportions.
For statistical significance, Chi-squared and Kruskal-Wallis tests
were used. p < 0.05 was taken as statistically significant. Statistical
analyses were conducted with Minitab (Minitab® Ltd., UK).

Results

We had 44 patients who underwent reinterventions
following primary EVAR, including 18 ARAFAT and 14
explantations for type IIIB ELs and 12 double breastings for
aortic sac hygromas. The baseline characteristics of these
patients are given in Table 1.

The average size of the aortic aneurysm sac during the
primary EVAR was 6.00 ± 1.75 cm (Table 2). Twenty-seven
polyester and 17 PTFE based endo-grafts were employed in
these primary procedures. The average number of stent pieces
used in the primary EVAR was 3.42 ± 1.31. The proximal
main body diameter was 31.6 ± 3.80 mm (right limb size:
17.6 ± 4.20 mm and left limb size 17.9 ± 4.28 mm).

The mean duration of ELs identification following primary
EVAR was 53.3 ± 6.82 months. The mean aortic sac expansion
rate was 0.43 ± 0.25 cm per year, and the mean aortic sac size
before the re-intervention was 7.51 ± 1.94 cm. Patients who
underwent double breasting had the highest sac size
(ARAFAT: 6.68 ± 2.13 vs. double breasting: 8.41 ± 1.72 vs.
explantation: 7.52 ± 1.61 cm, p = 0.029). The mean duration of
re-intervention following primary-EVAR was 70.2 ± 6.98
months (ARAFAT: 94.2 ± 12.5 vs. double breasting: 67.3 ±
6.78 vs. 41.8 ± 9.54 months, p = 0.026).

There was no difference between stent-graft materials (27
PE vs. 17 ePTFE, p = 0.06) on the re-intervention rate (Table 3).

All the patients had primary technical success. However, we
had one sepsis-induced peri-operative mortality following
explantation in a patient who had initial re-intervention for
rapidly expanding aortic sac with type I EL before being
referred to us. This patient also had prior embolisation of a
lumbar branch, where the coil migrated to the spine resulting
in paraparesis. After being referred to our centre, we
performed explantation and aorto-bi-renal-bi-iliac bypass. The
patient developed multiorgan failure due to sepsis and
succumbed to death on the 28th postoperative day.

The overall survival plots during an average follow-up
duration of 35.6 ± 6.24 months (ARAFAT: 9.00 ± 1.36 vs.
double breasting: 42.5 ± 9.51 vs. explantation: 63.8 ± 14.2) is
depicted in Figure 5.

Discussion

This study aims to scrutinise our three techniques of post-
EVAR re-intervention, including an EVAR graft preservation
strategy and/or explantation. Significant sac expansion over a
short period needs scrutiny. Stent graft explantation with
subsequent replacement is the definitive management
approach. Graft preservation strategies include surgical double
breasting of the aortic sac or endovascular relining of the
stent-graft. For patients with significant co-morbidities and an
enlarged sac with a maximum diameter less than 7.5 cm, we
employed ARAFAT. Our results mimic Doumenc et al. (12)
finding’s that explantation and endovascular management,

FIGURE 4

EVAR GORE SalvAge Fabric Technique (ARAFAT) is our protocol used to seal the type IIIb EL. (A) Microleaks at the endograft. (B) Oversized
EXCLUDER® aortic cuff (GORE®, Flagstaff, Arizona, USA) deployed into the previously implanted stent-graft. (C) Simultaneous deployment of an
EXCLUDER® iliac extension, as necessary, in double-barrel configuration from the main cuff.

Sultan et al. 10.3389/fsurg.2022.963172
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Treatment Options: Explantation

Aortic sac >8 cm

King et al J Vasc Surg 2020:72:154
Sultan et al Ann Vas Surg 2021:72:647

§ Frequency of hygroma after open aortic repair with ePTFE is 
about 25%; after EVAR < 5%. It is a rare complication after 
reconstructions of non-aortic arterial beds.

§ While resection with replacement provides the definitive 
therapy, relining may be tried first, especially for aortic 
hygroma.
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Conclusions

§ Use of woven polyester for open aortic repair is 
recommended.

§ Manufacturer’s modification of ePTFE material is warranted.

22

Conclusions

Thank you!


