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Then….

Prior studies of gender differences in 

EVAR demonstrate females are more 

challenging in terms of presentation, 

suitability, and clinical outcomes
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Sex difference s in m o r t a lit y a n d m o r b i d ity fo l lo w ing repa ir

o f intac t a b d o m inal aor t ic aneurysm s

Sarah E_ Decry. MD.• .b Peter A._ Soden. M D • Sara L Zettervall . M D. MPH• Kat e E_ Shean. M o •
Thomas c. F_ B o d c , - ,s_ MD Alexand e r B_ Poth o t M D. Ruby c_Lo. M D a n d

Marc L Schermerhorn. M D. FACs.•. Bosto n M a

ABSTRACT
Ob j    t i M@die:.a diM h ! . hown i n t : . a riop@f.atiw rt.ality in w n o o m p.ar@d with M M follo\Mng

4:!ndOW.!ieular a n d OoP@n abdom i n a l a or t ic aneu r y v n (A A A ) r@J)dr. H o w - r. a r e c e i t rt:!gional u :u o f h i gh-v o lu

centers.ad just ing for anatom y b u t im i t ed i 1 s a n p l e si ze d i d n ot s h o w sex t o b e predi ct ive of wo, se o utcomes.. This

study a im e d t o ev aluate sex dif ferences af ter ntac t AAA repair n a nat i onal c l inica l registry.

Meth:xl.s:T h e tar get ed v ascub r m o d ule o f t h e National Surgica l Qualitylm p r av em e i t Prog r am Yt.1as quer i ed toidt:!ntify

p i i t i e r n u ndergoir g endovascular aneu rysm repair (EVARJ o r o p e n repair for in tact nf rarenal A A A f r om 2011 t o 2 014..

Un ivariati t an alysis \Nii.S pa- f orm ed u w t g t lw Rshilr c t t v s t a nd M al"'ln"w t i t n i t) ' test . Multivariablelo gi ruc r v grm.sion

VI.es u s ed t o account For dif ferences in c o m or b idit es. aneurysm d e t a its. a n d opef at iv e character istics.

Re !iUIU .: W eid e n t if iOO 6661 pat i ents 'M ) ( 1 1 B 1 ) w h o un d e rw: in t a ct AAA repair ( EVAR: B w o m e n v s 881i&

m er t P <.0 01)..W o m e n were older (m e d a n a g e 7 6 vs 73 years; P <.OOll . h a d s m a leraneurysms (median. 5 4v s 5..5c r n P <

OO l .an d had m ore c h r o n i c o bstructive p u l m onary disease ( 22% v s f7 'MI; P < OOll .A m on g pat ientsu n de r g oing EVAR.

v . o r n e n h a d lo n g er o p e r-ath.e t i m e s (m e d i a r \. 13,8 [in t er q u ar t i l e r a n g e, I 0 3 T70J v s 131 (1 0 6 1 81] m i n u t e s P < _QI) a r d m o , e

oA:4:!n under w-e i t rena l (6..3% 4 J9l; P <.OJ) an d lower ex tremi ty (6..6 * , vs 3.8%; P <.O I) re-.,asculatlz.ation_A f t : r o p e n iepai r

w o m e n h z l s h o r t " ' op<>rat w t i m e (215 077 3041 v s 2 2 6 [165·2641 minutes: P = _Q 2l b u t 111.<>men1. , . . fr<>qUently

unde r wen t ov .er e x t r e m t y rev asrula r i.zation ( l.196vs 8.2CJ&:P = _0 3 T hirty<lay m or ta l i t ywas h'Qher i n w o m e n afte r EVA R

(3..2% vs 1..2' 6 ; P < 001 ) a n d o p e n repair (8.. l6 vs 4_(n6;:P- 0 4 Afti!f a dj ust i ng for repair t y p e. agef a n eul')l'Sm d iam e t e r,

a nd oomort>id itie$i. fem ale sex wa sindepen den tly associated with m ortal t y (odds rat io (O RL \ 7; 9 5% c o n f i derceinterval lC-11. U

Z.6; P=.0 2 ) a n d m ajor c om p l i c a t.ions{O R. l.4; C I 11'- 7; P<.0 1) af ter intac t 1J,,.A1t,,. repair HOWE"Ver. af ter ad j us t n g

for a ort ic sizeindex: rat:h9r t h a n f or aort.icdiarT')Qoter.thea! . iat:ion b e n f emale sec a n d m or ta l i t y (OR.1 Cl,0 .98.-2.4. ;

P =.0 6 ) and m ajo r O>Mplieatie n , P R 11 'C l.O H 4 , P = . 24) wa,,@ d u e @ d.

C onc:lus o n s W o m e n wer e a t h ighe r risk f or 3 0 d a y d e a t h a n d mi:4or com pl i cat i ons a f ter ntac t A A A repai r S om e of t h i s
di.spari tym .ayb@expla t'll:!d bydf t@r«"lees n aor t ic size in x. wh i c h shou l d be further '=.'Valu a t o d : !t e r m i t:1-19 id4:!al

t h -""hold fo, .,pai,_D Va " " Su r 9 2 0 17,65cl006 13-l

mailto:riop@f.atiw


Now…

Do gender 

differences really 

exist with new 

generation devices?

Early data from ENGAGE

shows no early differences



Scientific Question

Are long-term (5 years) 

gender differences 

observed with the 

Endurant Stent Graft?



The ENGAGE Registry

Canada (N=120)

Latin America (N=40)

Northern Europe (N=564)

Southern Europe (N=182)

Central Europe (N=72)

Middle East and Africa (N=117)

Asia (N=62)

Pacific (N=106)

Largest Contemporary EVAR Registry with single manufacturer's stent graft: ENDURANT

1263

30

6

Patients

Countries

Continents

Real world patients:
Limited inclusion/exclusion criteria

Real world practice:
Limited procedural specifications

- Standard follow-up

14 publications and > 100 presentations at major International/National 

conferences characterizing ENDURANT clinical outcomes



The ENGAGE Registry

Patients Consecutively 

Enrolled

Follow-up:

30-day,Annual Visits 

Through 10 Years

Extensive Monitoring On-going

100% Data 

Management 

Review

Independent Data 

Monitoring
(100% Endpoints)

Independent 

Clinical

Event Committee

High Quality Data



ENGAGE – Baseline Characteristics

89.5% 10.5%

Baseline Characteristic
(mean±SD)

Male
(N = 1130)

Female
(N = 133)

p-Value

Age (yrs) 72.8±8.1 75.7±7.1 <0.001

Max. Aneurysm Dia. (mm) 60.6±11.8 57.9±9.6 0.012

Prox. Neck Dia (mm) 23.9±3.5 21.8±3.3 <0.001

Distal Neck Dia. (mm) 25.1±4.0 22.9±4.1 <0.001

Rt. Iliac Artery (Dist. Dia.; 

non-aneurysmal) (mm)

Lt. Iliac Artery (Dist. Dia.; 

non-aneurysmal) (mm)

14.3±3.5 12.9±3.5 <0.001

13.9±3.5 12.5±2.9 <0.001

Women: Older, with smaller diameter proximal
necks and narrower access vessels

Male
(N)

Female
(N)

1130 133



ENGAGE – Baseline Characteristics

11.5%

88.5%

Prox. Neck Length –

Male

<15mm >15mm

16.5%

83.5%

Prox. Neck Length –

Female

<15mm >15mm

P-Value = 0.088

Baseline Characteristic
(mean±SD)

Male
(N = 1130)

Female
(N = 133)

p-Value

Proximal Neck Length (mm) 27.3±12.4 24.5±11.9 0.014



ENGAGE – Baseline Characteristics

Infrarenal Neck Angle

> 60˚ - Male

9.0%

91.0%

>60 deg. <60 deg.

19.7%

80.3%

Infrarenal Neck Angle

> 60˚ - Female

>60 deg. <60 deg.

P-Value = <0.001

Baseline Characteristic
(mean±SD)

Male
(N = 1130)

Female
(N = 133)

p-Value

Infrarenal Neck Angle (deg) 29.4±23.3 38.1±26.2 <0.001



ENGAGE – Baseline Risk Factors
Risk Factor Male

(N = 1130)
Female
(N = 133)

p-Value

Tobacco Use 50.1% 42,4% 0.094

Hypertension 75.1% 78,2% 0.435

Hyperlipidemia 60.1% 64.8% 0.297

Diabetes 18.8% 21,1% 0.531

Cardiac Disease 54.7% 45.1% 0.035

Coronary Artery Disease 36.4% 21.4% <0.001

Cardiac Revas. (Incl. 

CABG or PTCA)

28.9% 12.9% <0.001

Pulmonary Disease 25.4% 26.0% 0.887

Renal Insufficiency 15.5% 16.5% 0.745

Vascular Disease 31.2% 29.3% 0.662

Family History of Aneurysms 6.2% 12.0% 0.012



ENGAGE – Procedure Information

Measurement
(Mean±SD)

Male
(N = 1130)

Female
(N = 133)

p-Value

Duration of Implant Procedure

(min)

99.7±44.5 97.4±48.9 0.580

Hospital Stay (Days) 6.4±6.1 7.9±9.8 0.017

Duration of ICU (Hours) 10.4±44.6 7.7±18.2 0.312

Successful Delivery and 

Deployment of Endurant

99.5% 99.2% 0.746



Subjects Implanted Outside of IFU

4.3% 4.3%

1.9%

17.3%

8.3%

4.5%

20.0%

18.0%

16.0%

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

Prox. Neck Dia. Outside of 
19-32 mm

Prox. Neck Length >=15mm; 
Infrarenal Angle >75 or 
Suprarenal Angle >60

Male Female

Proximal Neck Length
<10mm

Subjects Implanted 

Outside of IFU
Male

(N = 1130)

Female
(N = 133)

p-Value

16.1% 32.3% <0.001



5 Year Freedom From All-Cause Mortality

Male Female

0-30D

1130

31D – 1Y

1110

1Y – 2Y

1032

2Y – 3Y

893

3Y – 4Y

803

4Y – 5Y

703

0-30D

133

31D – 1Y

133

1Y – 2Y

118

2Y – 3Y

105

3Y – 4Y 4Y – 5Y

90 76No. at Risk1

Male: FF From ACM = 67.5% 

Female: FF From ACM = 65.6% 

p-Value = 0.8735



5 Year Freedom From Aneurysm-Related 

Mortality

Male: FF From ARM = 97.5% 

Female: FF From ARM = 100.0% 

p-Value = 0.0881

Male Female

0-30D

1130

31D -1Y

1110

1Y – 2Y

1032

2Y – 3Y

893

3Y – 4Y

803

4Y – 5Y

703

0-30D

133

31D- 1Y

133

1Y – 2Y

118

2Y – 3Y

105

3Y – 4Y 4Y – 5Y

90 76No. at Risk1

No Aneurysm-Related Mortality

Through 5yrs for Females



5 Year Freedom From Rupture

Male: FF From Rupture = 98.4% 

Female: FF From Rupture = 100.0% 

p-Value = 0.2263

Male Female

0-30D

1130

31D – 1Y

1110

1Y – 2Y

1031

2Y – 3Y

892

3Y – 4Y

801

4Y – 5Y

699

0-30D

133

31D – 1Y

133

1Y – 2Y

118

2Y – 3Y

105

3Y – 4Y 4T – 5Y

90 76No. at Risk1

No Ruptures

Through 5yrs for Females



5 Year Freedom From Conversion

Male: FF From Conversion = 97.8% 

Female: FF From Conversion = 99.2% 

p-Value = 0.4818

Male Female

0-30D

1130

31D – 1Y

1108

1Y – 2Y

1032

2Y – 3Y

893

3Y – 4Y

803

4Y – 5Y

702

0-30D

133

31D – 1Y

133

1Y -2Y

118

2Y - 3Y

105

3Y - 4Y

90

4Y - 5Y

76No. at Risk1

Only 1 Conversion

Through 5yrs for Females



Neck Stabilization Markers – Type Ia 

Endoleak

Low Type 1a Endoleak Rate for Females

Type 1a 

Endoleak

Male Female p-Value

At 1 Year 0.2% (2/933) 1.0% (1/101) 0.266

At 2 Year 0.4% (3/768) 1.1% (1/88) 0.353

At 3 Year 0.6% (4/632) 1.4% (1/73) 0.422

At 4 Year 0.7% (4/559) 0.0% (0/55) >0.999

At 5 Year 1.3% (6/449) 3.8% (2/52) 0.197



5 Year Freedom From Secondary 

Procedures

Male: FF From Secondary Procedures = 84.1% 

Female: FF From Secondary Procedures = 85.6% 

p-Value = 0.5150

Male Female

0-30D

1125

31D – 1Y

1083

1Y – 2Y

969

2Y – 3Y

824

3Y – 4Y

723

4Y – 5Y

618

0-30D

132

31D – 1Y

131

1Y – 2Y

112

2Y – 3Y 3Y – 4Y 4Y – 5Y

97 81 67No. at Risk1

No Increased Risk of 2nd Procedures

Through 5yrs for Females



AAA Sac Diameter Changes At 5 Years

10.6%

28.6%

60.8%

AAA Dia. Increase

AAA Dia. Stable

AAA Diameter Decrease

10.4%

22.9%

66.7%

89.4% Stable or Decrease

Male

89.6% Stable or Decrease

Female

AAA Dia. Increase 

AAA Dia. Stable 

AAA Dia. Decrease

AAA Sac Dynamics Equivalent

Between Genders



Summary

• Women were older and had less

diagnosed cardiac disease

• Women had shorter and more

angulated necks, smaller iliacs

• Women were more commonly treated 

outside of the Endurant Instructions for 

Use



Conclusion

• With more challenging baseline 

characteristics and anatomy, women were 

treated more often outside IFU

• Despite these challenges, 5-year long-term 

outcomes were equivalent between the 

genders when treated with the Endurant 

Stent Graft

• Endurant sets a new benchmark for EVAR by 

demonstrating equivalent outcomes 

between men and women at 30 days, 1 year 

and 5 years
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ENDURANT™ STENT GRAFT SYSTEM BRIEF STATEMENT
Brief Statement
Indications
The Endurant™ Stent Graft System is indicated for the endovascular treatment of infrarenal abdominal aortic or aorto-iliac
aneurysms in patients with the following characteristics:

▪ Adequate iliac/femoral access that is compatible with vascular access techniques, devices and/or accessories
▪ Proximal neck length of ≥10 mm
▪ Infrarenal neck angulation of ≤60°
▪ Distal fixation length of ≥15 mm
▪ Aortic neck diameters with a range of 19 to 32 mm
▪ Iliac diameters with a range of 8 to 25 mm
▪ Morphology suitable for aneurysm repair

Contraindications 
The Endurant Stent Graft System is contraindicated in:

▪ Patients who have a condition that threatens to infect the graft.
▪ Patients with sensitivities or allergies to the device materials. 

Warnings and Precautions
▪ The long-term safety and effectiveness of the Endurant Stent Graft System has not been established. All patients should be advised 

that endovascular treatment requires lifelong, regular follow-up to assess the health and the performance of the implanted 
endovascular stent graft. Patients with specific clinical findings (e.g., endoleaks, enlarging aneurysms or changes in the structure or 
position of the endovascular graft) should receive enhanced follow-up. Specific follow-up guidelines are described in the Instructions for 
Use.

▪ Patients experiencing reduced blood flow through the graft limb, aneurysm expansion, and persistent endoleaks may be required to 
undergo secondary interventions or surgical procedures.

▪ The Endurant Stent Graft System is not recommended in patients unable to undergo or who will not be compliant with the necessary 
preoperative and postoperative imaging and implantation studies as described in the Instructions for Use.

▪ Renal complications may occur: 1) From an excess use of contrast agents. 2) As a result of emboli or a misplaced stent graft. The 
radiopaque marker along the edge of the stent graft should be aligned immediately below the lower-most renal arterial origin.

▪ Studies indicate that the danger of micro-embolization increases with increased duration of the procedure.
▪ The safety and effectiveness of the Endurant Stent Graft System has not been evaluated in some patient populations. Please refer to 

the product Instructions for Use for details.

UC201804383IE © 2017 Medtronic. All Rights Reserved. Medtronic, Medtronic logo and Further. Together are 

trademarks of Medtronic Company. All other brands are trademarks of a Medtronic company. Not for distribution in 

France or Japan. 08/17
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MRI Safety and Compatibility: Non-clinical testing has demonstrated that the Endurant Stent Graft is MR Conditional.  It can be 
scanned safely in both 1.5T & 3.0T MR systems under certain conditions as described in the product Instructions for Use.  For 
additional information regarding MRI please refer to the product Instructions for Use.

Adverse Events

Potential adverse events include (arranged in alphabetical order): Amputation; Anesthetic complications and subsequent 
attendant problems (e.g. aspiration), Aneurysm enlargement; Aneurysm rupture and death; Aortic damage, including perforation,
dissection, bleeding, rupture and death; Arterial or venous thrombosis and/or pseudoaneurysm; Arteriovenous fistula; Bleeding, 
hematoma or coagulopathy; Bowel complications (e.g., ileus, transient ischemia, infarction, necrosis); Cardiac complications and
subsequent attendant problems (e.g. arrhythmia, myocardial infarction, congestive heart failure, hypotension, hypertension); 
Claudication (e.g., buttock, lower limb); Death; Edema; Embolization (micro and macro) with transient or permanent ischemia or 
infarction; Endoleak; Fever and localized inflammation; Genitourinary complications and subsequent attendant problems (e.g., 
ischemia, erosion, fistula, incontinence, hematuria, infection); Hepatic failure; Impotence; Infection of the aneurysm, device access 
site, including abscess formation, transient fever and pain; Lymphatic complications and subsequent attendant problems (e.g.,
lymph fistula); Neurologic local or systemic complications and subsequent attendant problems (e.g., confusion, stroke, transient
ischemic attack, paraplegia, paraparesis, paralysis); Occlusion of device or native vessel; Pulmonary complications and subsequent 
attendant problems; Renal complications and subsequent attendant problems (e.g., artery occlusion, contrast toxicity, 
insufficiency, failure); Stent graft: improper component placement; incomplete component deployment; component migration; 
suture break; occlusion; infection; stent fracture; graft twisting and/or kinking; insertion and removal difficulties; graft material 
wear; dilatation; erosion; puncture and perigraft flow; Surgical conversion to open repair; Vascular access site complications, 
including infection, pain, hematoma, pseudoaneurysm, arteriovenous fistula, dissection; Vascular spasm or vascular trauma (e.g., 
iliofemoral vessel dissection, bleeding, rupture, death); Vessel damage; Wound complications and subsequent attendant problems 
(eg, dehiscence, infection, hematoma, seroma, cellulitis)

Please reference product Instructions for Use for more information regarding indications, warnings, precautions, contraindications 
and adverse events.

CAUTION: Federal (USA) law restricts this device to sale by or on the order of a physician.

ENDURANT™ STENT GRAFT SYSTEM BRIEF STATEMENT
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Indications
The Endurant™ II/Endurant™ IIs bifurcated stent graft is indicated for the endovascular treatment of infrarenal abdominal aortic or aorto-iliac 
aneurysms. The Endurant II aorto-uni-iliac (AUI) stent graft is indicated for the endovascular treatment of infrarenal abdominal aortic or 
aortoiliac aneurysms in patients whose anatomy does not allow the use of a bifurcated stent graft. The Endurant II/Endurant IIs stent graft 
system is indicated for use in patients with the following characteristics:

▪ Adequate iliac/femoral access that is compatible with vascular access techniques, devices and/or accessories
▪ Proximal neck length of ≥10 mm
▪ Infrarenal neck angulation of ≤60°
▪ Aortic neck diameters with a range of 19 to 32 mm
▪ Distal fixation length(s) of ≥15 mm
▪ Iliac diameters with a range of 8 to 25 mm
▪ Morphology suitable for aneurysm repair

Contraindications
The Endurant II/Endurant IIs Stent Graft System is contraindicated in:

▪ Patients who have a condition that threatens to infect the graft.
Patients with known sensitivities or allergies to the device materials. 

Warnings and Precautions
▪ The long-term safety and effectiveness of the Endurant II/Endurant IIs Stent Graft System has not been established. All patients 

should be advised that endovascular treatment requires lifelong, regular follow-up to assess the health and the performance of the 
implanted endovascular stent graft. Patients with specific clinical findings (e.g., endoleaks, enlarging aneurysms or changes in the 
structure or position of the endovascular graft) should receive enhanced follow-up. Specific follow-up guidelines are described in 
the Instructions for Use.

▪ Patients experiencing reduced blood flow through the graft limb, aneurysm expansion, and persistent endoleaks may be required to 
undergo secondary interventions or surgical procedures.

▪ The Endurant II/Endurant IIs Stent Graft System is not recommended in patients unable to undergo or who will not be compliant 
with the necessary preoperative and postoperative imaging and implantation studies as described in the Instructions for Use.

▪ Renal complications may occur: 1) From an excess use of contrast agents. 2) As a result of emboli or a misplaced stent graft. The 
radiopaque marker along the edge of the stent graft should be aligned immediately below the lower-most renal arterial origin.

▪ Studies indicate that the danger of micro-embolization increases with increased duration of the procedure.
▪ The safety and effectiveness of the Endurant II/Endurant IIs Stent Graft System has not been evaluated in some patient 

populations. Please refer to the product Instructions for Use for details.

ENDURANT™ II/ ENDURANT™ IIS STENT GRAFT SYSTEM
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ENDURANT™ II/ ENDURANT™ IIS STENT GRAFT SYSTEM

MRI Safety and Compatibility: Non-clinical testing has demonstrated that the Endurant II/Endurant IIs Stent Graft is MR 
Conditional.  It can be scanned safely in both 1.5T & 3.0T MR systems under certain conditions as described in the product 
Instructions for Use.  For additional information regarding MRI please refer to the product Instructions for Use.

Adverse Events
Potential adverse events include (arranged in alphabetical order): amputation; anesthetic complications and subsequent attendant 
problems (e.g., aspiration), aneurysm enlargement; aneurysm rupture and death; aortic damage, including perforation, dissection,
bleeding, rupture and death; arterial or venous thrombosis and/or pseudoaneurysm; arteriovenous fistula; bleeding, hematoma or 
coagulopathy; bowel complications (e.g., ileus, transient ischemia, infarction, necrosis); cardiac complications and subsequent 
attendant problems (e.g., arrhythmia, myocardial infarction, congestive heart failure, hypotension, hypertension); claudication 
(e.g., buttock, lower limb); death; edema; embolization (micro and macro) with transient or permanent ischemia or infarction; 
endoleak; fever and localized inflammation; genitourinary complications and subsequent attendant problems (e.g., ischemia, 
erosion, femoral-femoral artery thrombosis, fistula, incontinence, hematuria, infection); hepatic failure; impotence; infection of 
the aneurysm, device access site, including abscess formation, transient fever and pain; lymphatic complications and subsequent 
attendant problems (e.g., lymph fistula); neurologic local or systemic complications and subsequent attendant problems (e.g.,
confusion, stroke, transient ischemic attack, paraplegia, paraparesis, paralysis); occlusion of device or native vessel; pulmonary 
complications and subsequent attendant problems; renal complications and subsequent attendant problems (e.g., artery 
occlusion, contrast toxicity, insufficiency, failure); stent graft: improper component placement; incomplete component 
deployment; component migration; suture break; occlusion; infection; stent fracture; graft twisting and/or kinking; insertion and 
removal difficulties; graft material wear; dilatation; erosion; puncture and perigraft flow; surgical conversion to open repair; 
vascular access site complications, including infection, pain, hematoma, pseudoaneurysm, arteriovenous fistula, dissection; 
vascular spasm or vascular trauma (e.g., iliofemoral vessel dissection, bleeding, rupture, death); vessel damage; wound 
complications and subsequent attendant problems (e.g., dehiscence, infection, hematoma, seroma, cellulitis)
Please reference product Instructions for Use for more information regarding indications, warnings, precautions, contraindications 
and adverse events.

CAUTION: Federal (USA) law restricts this device to sale by or on the order of a physician.
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