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Sammanfattning på svenska (Summary in Swedish) 

 

Aortaaneurysm är en vidgning av stora kroppspulsådern, ett så kallat pulsåderbråck. 

Pulsåderbråck tenderar att växa over tid och till slut brista vilket resulterar i svåra inre 

blödningar, chock och ofta död. 

 

För att förebygga att pulsåderbråck brister kan man åtgärda det kirurgiskt. Det finns 

principiellt två sätt att göra detta. Vid öppen operation öppnar man buken och skär bort 

den sjuka delen av kroppspulsådern och ersätter den med ett rör av tyg. Alternativet är 

en endovaskulär intervention, EVAR (endovascular aortic repair), där man genom 

pulsådern i ljumsken för in ett expanderbart rör, sk stentgraft, i bråcket och förstärker 

blodkärlets vägg. 

 

För att föra in stentgraftet i lårbensartären måste man göra ett hål i kärlväggen i 

storleksordningen 6-7 mm. Detta hål måste vid ingreppets slut förslutas för att inte 

massiv blödning ska uppstå. Ett sätt att göra detta utan att behöva skära i patienten är 

med hjälp av verktyget Prostar XL. 

 

Prostar XL har använts flitigt i vid Akademiska sjukhuset de senaste åren. Denna 

studies syfte är att utröna om det är ett bra verktyg och erbjuder en säker slutning av 

ljumskartärerna. 

 

En genomgång av alla patienter som genomgått EVAR 2006 – 2011 visar att man 

lyckas sluta hålet i 85 % av fallen. Övriga har man relativt lätt lyckats åtgärda med 

kompletterande åtgärder utan att patienter kommit till skada. 
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Abstract 

 

Aim 

 

In Uppsala University Hospital the Prostar XL is used for the majority of the EVAR 

procedures and it is assumed to be safe and effective. The aim of this study was to 

study the technical success rate of Prostar XL for closure of femoral vascular access in 

EVAR-procedures. 

 

Methods 

 

All EVAR procedures at Uppsala University Hospital 2006-2011 were identified in the 

Swedvasc register, the surgical ward register, and the radiology department register. 

Re-operations and cases with open closure technique were excluded.  

 

Technical failure was defined as the need for extra hemostatic measures on table to 

reach satisfactory haemostasis, and late access-related complication occurred 

thereafter. Patient’s medical records were reviewed retrospectively.  

 

Results 

 

A total of 195 EVAR-patients were identified. 29 were re-operations and 21 had open 

closure and were excluded. Thus, a total of 145 patients with 283 access sites were 

included in this study.  

 

The overall primary success rate was 85% (241/283). Most failures were easily treated 

with external compression (FemoStop) (n=25). But the success rate decreased during 

the study period and the need for more invasive measures to achieve hemostasis, 

fascial closure (n=9) and surgical cut down (n=7) increased over time. 

 

No significant correlations were found between primary success and BMI and access 

sheath size.  

 

  



  4 

Conclusion 

 

This single-center study confirms that Prostar XL is safe to use in patients undergoing 

EVAR, even in acute situations. On table complications can successfully be treated 

with additional compression, fascial closure or cut down. 
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1. Background 

 

1.1 Aortic Aneurysms 

 

Aneurysm means widening. An abdominal aortic aneurysm (AAA) is an irreversible 

widening of the abdominal aorta that affects all three layers of the aortic wall. If not all 

layers are affected the dilation is called a pseudo aneurysm. In common practice an 

AAA is an aneurysm in the infrarenal aorta. An AAA is slowly growing until it 

eventually ruptures causing serious internal bleeding which often results in death. [1] 

 

1.1.2 Definitions of AAA 

 

There is no general agreement how to define an AAA, although several attempts have 

been made. In 1975 McGregor suggested a diameter of 30 mm of the infra renal aorta. 

[2] ISCVS/SVS has suggested the definition of an AAA would be when the diameter 

of the aorta is exceeding 1.5x the normal diameter defined in turn by a normogram that 

predicts the diameter with consideration to age, sex and body surface area. [3] 

 

1.1.2 Epidemiology 

 

AAA is associated with high age, male gender and smoking. The prevalence of AAA is 

about 5% among elderly men (2% at 65-years) and about 1%  in women. Rupture of an 

AAA results in 8000 death every year in the UK. The mortality rate for patients with a 

ruptured AAA is reported between 65 % and 85 %. [1][4] 

 

1.1.3 Aetiology 

 

The aetiology of AAA is not clear. AAA can be caused by many different conditions 

such as trauma, infection, inflammatory diseases and connective tissue disorders. In the 

vast majority of cases the cause is unknown. Findings of familial clustering of AAA 

make it likely that there is a genetic component involved in developing AAAs. [1] 

Findings of fragmented elastin, and of increased activity of MMPs in aneurysmal wall 

point to a degenerative process. [5] 
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1.1.4 Signs and Symptoms 

 

Intact AAAs are usually asymptomatic, although symptoms such as vague abdominal 

pain or back pain occasionally can be present. A ruptured AAA results in a classic triad 

of sudden-onset pain in abdomen or flank, circulatory shock and a palpable pulsatile 

mass in the abdomen. A rupture in the anterolateral wall into the peritoneal cavity will 

most often lead to sudden death. If there is a small tear in the posterior wall then a 

hematoma forms in the retroperitoneal space and the initial blood loss can be small. 

After a couple of hours the initial haemostasis fail and the blood loss will be severe. 

This gives a window in which an acute intervention is possible that might save the 

patient. [1] 

 

1.1.5 Diagnosis 

 

An AAA can be diagnosed by CT, MRI or bimanual palpation of the abdomen during 

physical examination although the easiest and cheapest method is ultrasound, which is 

also used in screening for AAAs. [1] 

 

1.1.6 Treatment 

 

The indication for treatment is AAAs over 50-55 mm and all symptomatic or ruptured 

aneurysm if the patient do not have other medical conditions that makes him or her 

unfit for surgery. 

 

The two options for treating aortic aneurysms is open surgery (open repair, OR) and 

endovascular surgery (endovascular aortic repair, EVAR). For the endovascular 

treatment there are anatomical requirements including a neck below the renal arteries. 

Earlier a neck of at least 10-15 mm with a diameter under 28 mm was considered 

suitable for EVAR. [6] In recent years with the development of new stent grafts it has 

been possible to place stent grafts with shorter and wider necks. [7] Currently most 

manufacturers of stent graft recommend, in their instructions for use for their products, 

that the neck to be 15 mm long, 30 mm wide and have an angle of 60 degrees to be 

suitable for EVAR. 

 



  8 

A randomized prospective study performed in 2000 to 2004 compared EVAR to OR. 

The study showed similar all-cause mortality for patients in both groups but 

significantly lower aneurysm related mortality in the EVAR group. [8] Subsequent 

studies has shown that the cost effectiveness is similar between OR and EVAR. [9] 

 

Common clinical praxis is to treat older and high-risk patients with EVAR and younger 

patients with OR on the basis that OR guarantees graft durability and that EVAR is a 

less invasive procedure although the long-term results are unknown.  

 

1.2 The EVAR procedure 

 

First introduced by Volodos in 1987 and Parodi in 1991,[10] [11] the EVAR procedure 

aim to, under radiographic control, place a stent graft in the aorta and exclude the 

aneurysm from the circulation. The stent graft consists of a tube of graft fabric with an 

expandable metal stent inside. The most common stent graft for AAA repair is the 

bifurcated stent graft, which in its distal end divides into two tubes that permits 

extension of the stent graft into both common iliac arteries.  

 

In order to place the bifurcated stent graft access to the common femoral artery, by 

surgical cut-down or percutaneous puncture, is gained. A guide wire and an access 

sheath are inserted and an angiogram is performed in order to determine the exact 

position of the renal arteries.  

 

Then, the stent graft is inserted through the introducer sheath, usually from the right 

common femoral artery, and deployed so that its upper edge is just below the renal 

arteries. When the bifurcated graft is in place an iliac leg is inserted from the 

contralateral side. When the stent graft is in place a final angiography is performed to 

verify stent position and check for endoleak. 

 

Towards the end of the procedure the introducer sheaths and guide wires are removed 

and the access sites in the CFA are closed. [6] 
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1.3 Access to the Common Femoral Artery (CFA) 

 

1.3.1 Surgical cut-down 

 

In the early days of the EVAR procedure it was comme il faut to gain access to the 

CFA by surgical cut-down. A vertical or oblique incision is made in the groin. A guide 

wire and a small size sheath is inserted into the CFA and followed by an arteriotomy. 

The large size sheath is then inserted using a stiff guide wire. At the end of the 

procedure the arteriotomy is closed with monofilament sutures. [12] 

 

Although a small surgical procedure it is till invasive and can cause complications such 

as groin hematoma, thrombosis, dissection and insufficient wound healing. [12] It also 

requires surgical skills and personnel.  

 

1.3.2 Fascial closure 

 

An less invasive alternative to surgical cut-down is the fascial closure, first described 

in 1997 [13], in which the cribriform fascia covering the CFA is sutured after 

percutaneous access. The main advantage is that the fascial closure allows for the 

endovascular procedure to be performed percutaneously to the very end of the 

procedure, a compelling alternative for acute situations. [12] Harrison et al concluded 

in 2011 that facial closure is safe, durable and cost-effective and with results 

comparable to PSCD.[14] 

 

1.3.3 Percutaneous approach (pEVAR) 

 

Haemostasis following percutaneous interventions with small size sheaths was 

traditionally achieved with manual compression for 10-20 minutes. After that patients 

were ordered bed rest for four to eight hours. Later hand-free systems for compression 

were developed. None of these methods are intended for closure after using sheath 

sizes over 5-6 F.  [12] 

 

Percutaneous suture mediated closure devices (PSCD) such as the Prostar XL are 

devices that percutaneously attach sutures in the arterial wall allowing endovascular 
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procedures to be done completely percutaneously and without the need for manual 

compression. [15] 

 

1.3.3.1 Prostar XL 

 

The Prostar XL carries two pairs of needles attached to a hydrophilic catheter. In the 

beginning of the intravascular intervention the Prostar XL is advanced into the CFA 

over a guide wire. When the device is in place indicated by pulsatile blood flow 

through a marker valve the needles are deployed. The Prostar XL is then removed and 

the sutures are left untied. Then the intervention is performed. When it is time to close 

the introducer bore sheath is removed and the sutures are tied and moved close to the 

arterial wall by a Periclose knot pusher. 

 

In 1999 Haas and colleagues first demonstrated that the Prostar XL, which was 

originally intended to close arterial punctures up to 10 F, could be used to close the 

CFA after EVAR procedures with large sheath sizes. [15] Howell et al showed in 2002 

that a pre-close tandem technique in which two Prostar XL were deployed rotated 45 

degrees axially from each other allowed closure of arterial punctures of up to 22 F. 

[16] 

 

However, a few specific conditions make the use of PSCD hard. Extensive arterial 

tortuosity and/or scarring from previous interventions can deflect the needles. 

Furthermore, obesity makes it hard to advance the slipknots through the subcutaneous 

fat. [17] Emergency AAA-repair is another potential contraindication for PSCD. 

 

1.4 Aim of the Study 

 

In Uppsala University Hopsital the Prostar XL has been used for the majority of the 

EVAR procedures and it is assumed to be safe and effective. The aim of this study was 

to study the technical success rate of Prostar XL for closure of femoral vascular access 

in EVAR-procedures. 
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2.1 Materials and Methods 

 

We performed a retrospective study on all patients treated with primary EVAR during 

the period 2006 through 2011. 

 

In order to include all patients that were treated with primary EVAR during the period, 

patient data was obtained from the Swedvasc register, the surgical ward register and 

the radiological register. A total of 215 patients underwent EVAR during the study 

period.  

 

A few (n=20) of these were not actual EVAR but TEVAR, fEVAR, bEVAR, hybrid 

TAAA and iliac aneurysm stenting and was therefore excluded. Left were 195 EVAR, 

of which 29 were re-interventions. Left were, thus, 166 primary EVAR of which 145 

were done percutaneously using Prostar XL. 

 

Subsequently the patients’ medical records were reviewed retrospectively with regard 

to epidemiologic data, medication, indication for treatment, method of closing, primary 

success, defined as no additional measure for hemostasis than Prostar XL on the table, 

and in-hospital late complications requiring treatment. 

 

Statistical analyses were done to see if there were any correlation between 

epidemiologic data, medication and indication and primary success. The statistical 

analyses used were Fisher’s exact test or Chi square test for categorical data and Man-

Whiney U-test for comparing medians. The analyses were done with IBM SPSS 

Statistics. 

 

3. Results 

 

During the study period 166 patients underwent primary EVAR. 145 of them were 

percutaneous procedures and Prostar XL was used to close the arterial puncture (table 

1). 119 were elective EVAR for AAA, 11 were acute interventions due to rAAA and 

15 miscellaneous (inflammatory aortic aneurysms, MAA, aortic ulcer, rMAA and 

isolated iliac aneurysms) (table 2). Not all of the 145 had Prostar places bilaterally, 7 

patients had it placed unilaterally resulting in a total of 283 punctures.  



  12 

Table 1. Patient selection 

 

 

 

Table 2. Indications for EVAR 

 

The overall technical success rate was 85 % (241 arterial punctures out of 283) (table 

3). The primary success rate, however, showed great variation during the study period 

(fig 1). The additional measures used were FemoStop (n=25), manual compression 

(n=1), fascial closure (n=9) and arterial suture (n=7). In addition there were seven 

patients that had one or two FemoStop deployed even when there were no record of 

bleeding. These were not considered primary failures. 

 

  Patients (%) Access-sites (%) 

Infrarenal abdominal aortic 

aneurysm 

130 (90%) 254 (90%) 

Elective  119 232 

Rupture  11 22 

Miscellaneous (Inflammatoy 

aneurysm, MAA, Ulcer, rMAA, 

iliac aneurysm) 

15 29 

Total 215 patients (Swedvasc, surgical ward register, radiology 
register) 
• TEVAR/fEVAR/bEVAR/hybrid TAAA/Iliaca stents 20 
• EVAR 195 

• 29 Re-interventions 
• 166 primary EVAR (329 access-sites ≥12F. Thus, 3 patients 

were operated on with a tube-stentgraft) 
• Fascia suture   17 pat (30 access) 
• Cut down    8 pat (11 access) 
• Proglide    1 pat (1 access) 
• Unknown    3 pat (4 access) 
• ProstarXL    145 pat (138 bilat + 7 unilat = 283 access-

sites) 
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Ten groin punctures that were sealed successfully on the table resulted in late in-

hospital complications requiring treatment, six bleedings and four arterial occlusions 

(table 4). 

 

No significant correlation with age, gender, preexisting medical conditions, 

medications, indication or introducer size was recorded (table 5). There was a trend for 

BMI and smoking (calculated with 30 missing values) seemed to be preferable in terms 

of primary success. 

 

 

Table 3. Failure and acute hemostatic measures 

  Year 

Total   2006 2007 2008 2009 2010 2011 

Total number of access-sites 59 48 41 38 54 43 283 

Primary succes 55 40 38 36 44 28 241 

Primary failure 4 8 3 2 10 15 42 

Acute Measure 

       Manual compression 0 0 0 0 1 0 1 

FemoStop 3 6 3 1 7 5 25 

Fascial closure 0 0 0 1 2 6 9 

Vascular suture 1 2 0 0 0 4 7 

Success rate (%) 93 83 93 95 81 65 85 

 

 

Table 4. Late in-hospital complications 

Complication Primary success Primary failure 

 (n=241)  ( n=42) 

Bleeding requiring treatment 6 3 

Arterial occlusion 4 1 
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Table 5. Factors associated with primary failure per access-site 

Factors 
Primary success Primary failure 

p-value 
(n=241) (n=42) 

Age (year) 76 (53-89) 77 (62-86) 0.5 

Body Mass Index 

(kg/m2) 

25,2 (17,2–36) 26,8 (19,7-36) 0.06 

 

n = 233 n = 40 

 

 

missing values = 8 missning values = 2 

Male gender 201 (83%) 33 (78%) 0.5 

Smoking 50  (28%) 4 (10%) 0.04 

 

n = 211 n = 42  

 

missing values = 30 missing values = 0  

Hypertension 157 (65%) 30 (71%) 0.48 

Diabetes 37 (15%) 5 (12%) 0.65 

Coronary Artery 

Disease 

103 (43%) 14 (33%) 0.3 

Cerebrovascular 

disease 

28 (12%) 4 (10%) 1 

Claudication 12 (5%) 1 (2%) 0.67 

COPD 37 (15%) 3 (7%) 0.23 

Renal failure 16 (7%) 1 (2%) 0.48 

Connective tissue 

disease 

0 (0%) 0 (0%)  

ASA 131 (54%) 23 (55%) 1 

Waran 41 (17%) 6 (14%) 0.82 

Clopidogrel 2 (< 1%) 2 (5%) 0.1 

Anti-hypertensive 

medication 

187 (78%) 30 (71%) 0.43 

Rupture* (vs 

elective) 

22 (9%) 2 (4%) 0.55 

Sheath size (F) 18 (12-28) 18 (12-24)  

 

n = 232 n = 42 

   missing values = 9 missing values = 0   
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Table 6. Demographic data 

Total number of 

patients / access-sites                        

Patients Access sites 

n = 145 n = 283 

Male gender 120 (83%) 234 (83%) 

Age (yr) 76 (53-89) 76 (53-89) 

Smoking 27 (19%) 54 (19%) 

  missing values = 15 missing values = 30 

BMI (kg/m²) 25,5 (17,2-36) 25,5 (17,2-36) 

Hypertension 96 (66%) 187 (66%) 

Diabetes Mellitus 21 (15%) 42 (15%) 

Coronary artery disease 60 (41%) 117 (41%) 

Cerebrovascular 

disease 
17 (12%) 32 (11%) 

Claudication 7 (5%) 13 (5%) 

COPD 21 (18%) 40 (14%) 

Renal failure 9 (6 %) 17 (6%) 

Connective tissue 

disease 
0 (0%) 0 (0%) 

ASA 79 (55%) 154 (54%) 

Clopidogrel 2 (1%) 4 (1%) 

Waran 24 (17%) 47 (16%) 

Anti-Hypertension 111 (77%) 217 (77%) 

Access sheath size (F) N/A 18 (12-28) 

    missing values = 9 

 

 

4. Discussion 

 

Since the introduction of percutaneous EVAR its popularity has increased and it is now 

common practice in many centers. Various studies have reported different success 

rates. In a prospective study by Eisnack et al the primary success rate was 96.1 %. [18] 



  16 

Two meta-analyses reported a success rate at 92 % and concluded that preclose 

technique using Prostar XL was comparable to surgical cut down in terms of safety. 

[19, 20] 

 

Teh et al identified obesity, CFA calcification and large introducer sizes as major risk 

factors for failure. It has also been shown that the chance of success is dependent on 

the surgeons experience with the Prostar XL device. For a surgeon to reach a success 

rate of 80% (defined as no need for fascial closure or arterial suture) at least 15 cases 

are needed. [21] 

 

The overall technical success in our material is 85 % and in most cases additional 

external compression is sufficient to achieve hemostasis. What is striking, though, is 

that the primary success rate decreases heavily during the study period. During the 

same period the need for invasive additional measures for hemostasis increase (i e 

fascial closure and cut down). This is most likely due to the effects of the learning 

curve. In the first year of the study period, in our center, only four very experienced 

operators were using Prostar XL. After that more interventionists and surgeons have 

been introduced to the technique. A study taking into account the experience of the 

interventionist is needed to confirm this thesis. 

 

This study found no significant correlation between failure and large introducer sizes, 

although the median BMI was slightly higher in the group of primary failure (p = 

0.06). In fact no other recorded parameters seamed to correlate with failure. The one 

exception to this is that it seems favorable to smoke. This is, however, calculated with 

many missing values and the result might be due to one or more confounding factors. 

 

Worth to mention is that there is no significant difference in primary success 

depending on elective EVAR or acute EVAR following rupture. In our center acute 

EVAR is only done by the most experienced operators, which might account for the 

high success rate.  

 

A drawback with this study is that it only follows patients until they are discharged 

from the hospital either to their home or to another hospital for further care. This 

makes it impossible to evaluate late complications. Another imperfection is that it is 
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not known, in all cases, why some patients were not selected for percutaneous EVAR, 

but for EVAR with primary cut down or fascial closure, in the first place. 

 

5. Conclusion 

 

In conclusion, this study confirms that Prostar XL is safe to use in patients undergoing 

EVAR, even in acute situations. On table complications can successfully be treated 

with additional compression, fascial closure or cut down. 
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