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Abstract 
	  
	  
Aim 
 
The aim with this retrospective study was to evaluate the experience of Prostar XL used as a closure 
device in thoracic aortic repairs at Uppsala University hospital. 
	  
	  
Methods 
In total 174 TEVAR were performed between January 1st 2005 and December 31st 2010. Of these 128 
interventions (in 124 patients) were percutaneously performed using the Prostar XL closure device. In- 
terventions were emergent in 40% of the cases. An additional 15 re-accesses were performed in the same 
primary accesses. Pre- and postoperative data were collected retrospectively according to a predefined 
study protocol from computerized medical records for analysis of patient characteristics, information 
about the TEVAR and the rate of complications. Pre- and postoperative CT scans, collected from hospi- 
tals in 18 Swedish cities, were examined at the sight of the common femoral artery with regards to steno- 
sis, calcification, subcutaneous fat layer, occlusion and pseudoaneurysms. The primary outcome measure 
was immediate technical success. 
	  
	  
Results 
During the period of this study 82% of 174 possible access sites were closed with the Prostar XL. The 
rate of primary technical success was 91% defined as an immediate technical success with a successful 
closure of the common femoral artery without any need for surgical conversion or endovascular inter- 
vention. The remaining 12 interventions were on-table failures due to bleeding (n=5) or technical failure 
(n=7) and were converted uncomplicated to surgical cutdown or fascia suture closure intraoperative. Data 
from the follow-up detected 11 pseudoaneurysms with the size of <5-21 mm, all treated conservatively. 
The 15 re-interventions all succeeded on table and didn’t develop any complications requiring interven- 
tions, in one of the cases a patient had the same groin re-accessed 3 times. Eleven patients didn’t have any 
follow-up and 9 died during follow-up. 
	  
	  
Conclusions 
This study confirms that the use of Prostar XL in patients undergoing TEVAR appears safe and effective, 
even in acute situations. Failure can be recognized immediately and easily managed with surgical conver- 
sion intra-operative. Late complications requiring additional interventions are rare and uncomplicated. 
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AAA abdominal aortic aneurysms 
	  
	  
CFA common femoral artery 
	  
	  
CT computed tomography 

EVAR endovascular aortic repair 

Fr French ( 1 Fr = 0.33 mm) 

MRI magnetic resonance imaging 

TAA thoracic aortic aneurysms 

TEVAR thoracic endovascular aortic repair 
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This report is written by Marijela Bosnjak as a part of a degree project part of the medicine programme at 
Uppsala University. Main supervisor is Rickard Nyman, PhD and MD at the Section of Radiology, 
Department of Radiology, Oncology and Radiation Sciences (ROS) at Uppsala University Hospital. 
 

Annually there are more than 12 million endovascular procedures preformed all over the world, which 
require percutaneous access mostly through the femoral artery. For a long time the common procedure 
for closure of the access site was surgical cutdown and manual compression but in the mid 1990s the 
first vascular closure devices showed up enabling the procedures to be done totally percutaneous. Today 
there are many vascular closure devices for small access sites but the Prostar XL closure device® is the 
only one approved for larger access sites. Several different pathologic processes leading to possibly lethal 
conditions such as dissections, aneurysms and ischemic syndromes can affect the main vessel of the hu- 
man body needing endovascular aortic repair and this report includes a background to these conditions 
and how to treat them. At Uppsala University Hospital the Prostar XL has been used during endovascular 
thoracic aortic repair since 2003 and this paper is a retrospective study reporting the experience of this 
device. 
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2. Background 
	  
	  
2.1 The aorta 
	  
The aorta is the largest arterial blood vessel in the body. It originates from the heart’s left ventricle, arches 
and continues down to the abdomen and then branches into the two common iliacs. The aorta is divided 
into several segments, the first segment is between the heart and the arch of the aorta and is called the 
ascending aorta, the peak part is called the arch of aorta, the section from the arch to where it branches to 
the common iliacs is called the descending aorta and the descending aorta is called the thoracic aorta 
when above the diaphragm and the abdominal aorta if below the diaphragm. 
There arch of aorta has 3 branches, first the brachiocephalic artery which soon divides to the right sub- 
clavian and the right carotid artery, second the left common carotid artery and third the left subclavian 
artery. The two common iliac arteries bifurcate into the external and internal iliac artery. The continu- 
ation of the external iliac artery is the common femoral artery (CFA), which further bifurcates into the 
deep and superficial femoral artery. The most superficial part of the CFA is just in front of the head of 
the femur bone and it can often be palpated through the skin. Covering the CFA is the cribriform fascia. 
The aorta is an elastic artery and it has a trilaminar wall consisting of, from inside the vessel and out, the 
intima, media and adventitia. The intima is made up of one layer of endothelial cells and these are in di- 
rect contact with the blood flow. The media mainly consists of elastic tissue and smooth muscle cells that 
make the aorta elastic and distensible which is necessary since the blood pressure is highest in the aorta. 
This is possible due to the arrangement of the elastic fibers into a network of circumferential lamellae. 
The adventitia is composed mainly of loose connective tissue, collagen fibers, elastin and ground tissue 
that provides tensile strength and stabilises the vessel and anchors it to the surrounding organs. The col- 
lagen fibers are not elastic and therefore give the wall the strength required preventing it from deforming or 
rupturing. The aorta change with age and becomes dilated, elongated and less distensible. 
When the left ventricle contracts it creates a pressure wave of blood that first makes the aorta expand and 
later on contract and that contraction gives the energy to drive blood all the way to the peripheral vessels. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Picture of the aorta. 
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Several different pathologic processes leading to possibly lethal conditions such as dissections, aneu- 
rysms and ischemic syndromes can affect this main vessel of the human body. In this thesis I will only 
concentrate on aneurysms and dissections. 
	  
	  
2.2 Aortic dissection 
	  
An aortic dissection originates from a tear of the intima that creates a false lumen or a channel in the me- 
dia. This predisposes a high-pressure entry of blood into the media and the false lumen can then propa- 
gate in either an antegrade or retrograde direction creating a dissection plane. This can compromise or 
occlude the true lumen, i.e. the aortic lumen, and the aorta’s branches can also be occluded or receiving 
blood via the false lumen. If the dissection also involves the pericardial space it can result in a cardiac 
tamponade. The two most common entry sites for an initiation of a dissection are within 10 cm of the 
aortic valve and just distal to the left subclavian artery (Fanelli and Dake 2009). The first two weeks after 
onset are defined as the acute phase since the morbidity and mortality rates are highest during this period 
and the patients that survive these first two critical weeks tend to stabilize (Hagan et al. 2000). 
There are mainly two different classification systems used based on the anatomy of the dissection, the 
DeBakey system and the Stanford system. 
	  
2.2.1 The Stanford classification 
	  

The Stanford system classify a dissection into type A or B (Erbel et al. 2001). Type A involves the ascend- 
ing thoracic aorta and/or the arch of aorta and type B involves the descending aorta, i.e. they occur distal to 
the left subclavian artery. 
	  
2.2.2 The De Bakey classification 
	  

The DeBakey classification subdivides an aortic dissection further into type I, II and III (Erbel et al. 
2001). Type I involves the entire aorta, type II only the ascending aorta and the arch of aorta and type III 
the descending aorta. Type III can further be defined as A or B, A is limited to above the diaphragm and B 
below. 
	  
	  

 
	  

Picture of the classification of aortic dissections. 
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2.2.3 Signs, symptoms and diagnosis 
	  

The acute form of an aortic dissection is not common but often lethal. Depending on the anatomy of the 
dissection it can occlude involved aortic branches and since the aortic wall gets weakened it can lead to 
both a development into an aneurysm or to a rupture. A dissection can occur anywhere within the aorta 
making clinical features very diverse but some of the symptoms include a sudden chest- or back pain, 
often interscapular and it is described as sharp in its character (Hagan et al. 2000). The pain typically, 
but not commonly, migrates as the dissection extends. This abrupt and severe pain is the most common 
presenting symptom. Chest pain is more common amongst patients with type A dissections whereas back 
or interscapular pain is more common in the type B dissections. Depending on the extend of the occlu- 
sion of the involved arteries symptoms may be atypical such as syncope, weakness, dyspnoea and fever 
without an infection loci (Erbel et al. 2001). Common physical findings are hypertension, hypotension, 
loss of pulses, pulse deficit, newly discovered heart murmurs, a difference in the strength of pulses in the 
extremities, neurological symptoms such as paraplegia and cerebrovascular accident and chock. Some- 
times any physical findings may be absent or they can be similar to another range of conditions making it 
hard to diagnose and it is very important that clinicians are aware and suspicious. The most predisposing 
factor for a aortic dissection is a history of hypertension (Wilson and Hutchins 1982). It is also associated 
with connective tissue disorders such as Marfan’s syndrome, Ehler-Danlos syndrome, Turners syndrome, 
annuloaortic ectasia, vasculitis such as Takayasu arteritis and Behcet’s disease (Erbel et al. 2001). An- 
other cause of a dissection is a chest trauma, either iatrogenic during an endovascular intervention or 
surgery or due to an accident. Smoking and hypercholesterolemia are also high risk factors. Dissection 
is more common among men than women (male-to-female ratio 3:1) and it gets more common with age 
with the highest incidence in individuals between the age of 50-70 (Woo and Schneider 2009). The diag- 
nosis is made with an acute CT, MRI, conventional angiography, transesophageal echocardiography or 
plain chest radiography. CT is the most often chosen method due to being easily accessible, having high 
sensitivity and the ability to simultaneously exclude other morbid causes of chest pain (Moore et al. 2002). 
In an aortic dissection the D-dimer is increased (Weber et al. 2003) and so are CRP and SR (Erbel et al. 
2001). 
	  
2.2.4 Treatment 
	  

There are several options for how to treat an aortic dissection based on it being a type A or B and in the 
later case if it is complicated or not. Initially all patients need to be treated with analgesics and monitored 
and a prime consideration is a strict blood pressure control. For type A the standard procedure is an ur- 
gent open surgical intervention (Erbel et al. 2001). Patients with type B dissections without complications 
can be medicated with beta-blockers to attain a reduction of the systolic blood pressure below 120 mm 
Hg (Erbel et al. 2001). Other groups of antihypertensive drugs can also be used (Acosta et al. 2007). Pa- 
tients with type B dissections with complications such as chock, rupture or a pending rupture, persistent 
or worsening thoracic pain, a compromise of a vital organ leading to malperfusion syndrome and organ 
ischemia (for example a cardiac tamponade), drug-resistant hypertension or a history of for example Mar- 
fan’s or Ehler-Danlos syndrome can be treated with open surgical intervention or endovascular interven- 
tion depending on the severity of the dissection (Acosta et al. 2007). In both cases the aim is to redirect 
the blood flow to the true lumen and restore normal thoracic anatomy. This will promote thrombosis of 
the false lumen and thereby reduce the risk of aneurysm development and further on in severe cases a 
rupture, this risk reduction is why also chronic type B dissections are undergoing treatment electively 
(Fanelli and Dake 2009). There are different techniques for the open surgery depending on the anatomy 
of the dissection but in this thesis I will focus on the endovascular intervention. 
The prognosis for untreated aortic dissection is very bad, if not treated 75% of those with ascending aortic 
dissection would die within 2 weeks but if diagnosed and treated rapidly 30-day survival can be as high 
as 90% (Woo and Schneider 2009). 
After the acute phase of an uncomplicated type B dissection that was treated conservatively with an- 
tihypertensive drugs and not treated with an intervention the survival rate at 1 month is 91% and 89% 
at 1 year (Fanelli and Dake 2009). In 20-30% of the cases a thoracic aortic aneurysm develops that can 
require intervention. 
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2.3 Aortic aneurysm 
	  
An aneurysm is a permanent and irreversible localised widening or dilatation of a blood vessel. The 
great concern of an unrecognized and untreated aneurysm is the risk of rupture and dissection with high 
morbidity and mortality rates. The diameter in the aorta varies with sex, age and bodyweight. There are 
several propositions on how to define an dilatation as an aneurysm, one of them is the diameter being 
50% widened than the range of normal for a given age and body size and another one is the aortic diam- 
eter being 30 mm or more (Sakalihasan, Limet and Defawe 2005). The aneurysm engages all the three of 
aorta’s layers and if only some of the layers are engaged it is called a pseudoaneurysm. Aneurysms can 
be fusiform which means that they affect the whole circumference and involves all three layers and looks 
like a symmetrical bulge. If they just affect a part of the circumference they are called saccular and they 
look asymmetrical and are usually pseudoaneurysms caused by for example a trauma or a penetrating 
aortic ulcer. The fusiform aneurysms are the most common. Aneurysms can occur anywhere along the 
aorta but the abdominal ones are the most common. Older men are most prone to develop aneurysm with 
5% of men over the age of 65 years having abdominal aneurysms (Wanhainen et al. 2010). Smoking is the 
risk factor most strongly associated with at least abdominal aortic aneurysms but male sex, age, hyperten- 
sion, atherosclerosis and genetics are also important risk factors (Vardulaki et al. 2000). The male female 
ratio when it comes to abdominal aneurysms wider than 4 cm can be as high as 10:1 (Isselbacher 2005) 
(Johnston et al. 1991) and there are familial clusters (Wanhainen et al. 2010). 
	  
The etiology of aneurysms is complex. Some are degenerative (most common) and atherosclerotic aneu- 
rysms. Genetic syndromes such as Marfan’s syndrome, bicuspid aortic valve and Turners syndrome can 
predispose and so can different aortitis as infectious aortitis or inflammatory aortitis such as Behcets dis- 
ease and Takayasu arteritis, trauma or chronic aortic dissection (Booher and Eagle 2011). An aneurysm in 
older patients is often a degenerative process associated with age. Factors that can accelerate the growth 
are hypertension, smoking, hyperlipidemia and genetic factors. Nearly 20% of patients with thoracic aor- 
tic aneurysms have a family history of aortic disease (Booher and Eagle 2011). The predominant mode of 
inheritance is autosomal dominant, they have a relatively early age of onset and tend to grow faster why it 
is essential for first-order relatives to undergo screening (Albornoz et al. 2006). 
	  
2.3.1 Thoracic aortic aneurysms - TAA 
	  

Most aneurysms expand slowly without clinical symptoms and then ruptures, the rate of expansion is un- 
predictable for an individual. With an estimated incidence of 5.6-10.4 cases per 100 000 patient-years it is 
relatively rare compared to other cardiovascular diseases but the lethal consequences elevates the clinical 
importance (Booher and Eagle 2011). As the aneurysms enlarge they may rarely cause symptoms such as 
back or abdominal pain, hoarseness, dysphagia and other symptoms of aortic insuffiency (Isselbacher 
2005). The dysphagia can be explained with a large TAA that leads to a compression of the esophagus, 
trachea or a bronchus and can cause cough, wheezing and repeated pneumonitis. Compression of the 
recurrent laryngeal nerve winding around the arch of the aorta explains the hoarseness. If the aneurysm is 
in the ascending aorta it may lead to a secondary aortic regurgitation producing a heart murmur that can 
be heard during a physical examination. A TAA can lead to an aortic dissection or a rupture with 
symptoms equal to those as described earlier. 
The risk of dissection or rupture is approximately 2% for TAA under 5 cm, 3% for those 5-5.9 cm and 7% 
for those over 6 cm (Davies et al. 2002). Up to 25% of patients with TAA also have abdominal aneurysm 
why it is important to investigate the entire aorta once an aneurysm is found (Isselbacher 2005). 
	  
2.3.2 Abdominal aortic aneurysms - AAA 
	  

AAA:s are also mostly asymptomatic until a complication occurs. A steady and gnawing pain located in 
hypogastrium or lower back lasting hours to days is the most common symptom until an actual rupture 
occurs. During a physical examination a pulsatile abdominal mass can be palpable extending from ster- 
num’s xiphoid process to the umbiculus. Rupture is the major risk and in one study with ruptured AAA 
25% died before reaching hospital, 51% died at the hospital but before surgery, for those that made it to 
surgery the operative mortality was 46% and the 30-day survival was 11% (Isselbacher 2005). The best 
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therapy is therefore to find the aneurysms before they rupture so that elective surgery can be preformed 
where the mortality is 4-6%. Screening for AAA is the only evidence based method that can significally 
reduce the mortality for patients with AAA cost-effectively (Wanhainen et al. 2010) and in Sweden older 
men are offered screening almost nationwide. The most practical and common way to screen for AAA is 
abdominal ultrasonography since it is non-invasive and a contrast agent is not necessary (Isselbacher 
2005). 
The risk of rupture increases with the size of the aneurysm, most AAA between 50-55 mm seldom rup- 
tures but for those of 60-70 mm, 70-80 mm and as wide as 90-100 mm the yearly risk of rupture is 10%, 
25% and 50%, respectively (Wanhainen et al. 2010). Even if AAA are more common in general among 
men they rupture 3 times more frequently and with a smaller diameter when they occur among women. 
Since it is difficult to predict the growth of the aneurysm for an individual it is important to follow up all 
aneurysms regularly to make it possible to monitor any growth. 
	  
2.3.3 Progress and diagnosis 
	  

Most of the patients with TAA and AAA get their diagnose incidentally on imaging studies when they are 
investigated for other unrelated indications (Isselbacher 2005). CT and MRI are primary used to diagnose 
the aneurysms and to define their anatomy. Too evaluate the anatomy of the aortic root and any valvular 
disease a transesophageal echocardiography can be of use (Booher and Eagle 2011). The growth rate 
varies greatly between individuals but for TAA in general the mean growth rate is 0.1 cm per year for an 
aneurysm of 4 cm in diameter but for an 8 cm aneurysm up to 0.2 cm per year (Cao et al. 2011) (Davies et 
al. 2002) and for AAA it is 0.4 cm per year (Isselbacher 2005) the initial size being an important predictor of 
it’s growth with larger aneurysms expanding more rapidly than small ones. 
	  
2.3.4 Treatment 
	  

Surgical treatment is indicated for TAA at a diameter of 5.5 cm and more but for those at higher risk for 
rupture or dissection as patients with connective tissue disease such as Marfan’s syndrome, a bicuspid 
aortic valve or strong family history surgery is indicated already at the diameter of 5 cm (Isselbacher 
2005). Other indications are when the diameter increases by more then 1 cm per year, chest discomfort 
and symptoms of organ compression (Fanelli and Dake 2009). Ascending TAA is repaired with open 
surgery where the aneurysm is resected and then replaced with a prosthetic graft of a suitable size. A 
stent-graft bridges the part of the aorta that has an aneurysm and excludes it from the blood circulation. 
Arch aneurysms are also handled with open surgery with the same principle as above but the brachioce- 
phalic vessels are first removed from the aorta and then reimplanted back on the graft. Another option is 
branched arch grafts with several already existing limbs where the vessels can be anastomosed individu- 
ally. During these interventions it is necessary with hypothermia and cardiopulmonary bypass leading to a 
risk of global ischemic injury and a high risk of embolic events. 
Descending TAA can also be repaired with open surgery but it is associated with spinal cord injury and 
higher morbidity so an alternative approach is the use of thoracic endovascular aortic repair (TEVAR) 
when it is anatomically possible (Booher and Eagle 2011). 
If the aneurysms are involved in multiple parts of the aorta it is possible to perform the surgery in several 
stages where one segment is repaired at a time (Isselbacher 2005). 
When it comes to AAA:s surgery is indicated when an aneurysm is 5.5 cm or more for men but already at 
a diameter of 4.5-5 cm for women. In 30-60% of AAA:s it is possible with endovascular aortic repair 
(EVAR) due to anatomical suitability. 
In patients with stable aneurysms to small for surgery an aggressive hypertensive therapy is the mean 
treatment where the use of antihypertensive drugs such as beta blockers are used pressing the blood 
pressure down to 120 mm Hg. Statin therapy in case of hyperlipidemia, smoking cessation and lifestyle 
modifications can also contribute to the treatment (Booher and Eagle 2011). It is also important that all 
patients are followed up with regular-interval imaging surveillance since it is hard to know the growth 
rate of the individual aneurysm. 
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2.4 TEVAR - thoracic endovascular aortic repair 
	  
Open surgical intervention of aneurysms was developed in the fifties and since then the results have stead- 
ily been improved and today the mortality is less than 10% when the surgery is elective in international 
numbers and 3.6% in Sweden (Malina et al. 2011). TEVAR is an alternative approach to conventional 
open surgery for patients with aortic pathologies such as aortic dissection, aneurysms, traumatic injury, 
aortic ulcers and haematomas. The first set of TEVAR was preformed 1991 in the USA by Michael Dake 
and his colleagues, this trial being a milestone in the history of endovascular aortic therapy (Dake et al. 
1994). In their study of 13 patients they made the conclusions that endovascular stent-graft repair was safe in 
selected patients with TAA but that the method needed a long-term evaluation and it was anticipated that 
the introduction of TEVAR would improve both early and long-term outcomes. Until this year there has 
been a number of studies evaluating the safety and efficacy of TEVAR that have shown reduced early 
morbidity and mortality rates in comparison to open surgery but still there is not enough information 
about if there is any improvement in long term survival (Cao et al. 2011). 
	  
2.4.1 The procedure 
	  

TEVAR is a minimal invasive intervention using a small access site and in this way there is no need for 
thoracotomy, hypothermia and cardiopulmonary bypass (Fanelli and Dake 2009). Through the small ac- 
cess site a vessel prosthesis is set into place at the damaged part of aorta. The vessel prosthesis is made of 
a combination of a graft made of fabric and a metallic stent and is therefore called a stent-graft. It is an 
artificial tube and it is desirable that the blood will flow through it instead of an aneurysm or dissection. 
There are many different stent-grafts available on the market differing in size, configuration, material and 
fixation mechanism and some of the most common ones in Europe are Gore TAG, Zenith TX 2, Valiant, 
Relay, E-vita and EndoFit (Fanelli and Dake 2009). 
It is important to know the precise measurements of the aortic pathology and the surrounding anatomy to 
determinate whether it is available to endovascular repair or not and every stent-graft with selections in 
type, diameter and length must also be individualized chosen to each patient. Therefore a preoperative CT 
or MRI scan is always performed for a detailed assessment of the anatomy and a possibility for proce- dure 
planning preoperative to optimize the results. It is important to identify a sufficient long part of the aorta 
both proximally and distally without pathology, a so called landing zone, so that the stent-graft can be 
placed with millimetre precision for complete sealing and stable fixation to reduce the risk for migra- tion 
of the stent-graft or endoleakage. This part must not have any critical aortic branches or else a staged 
procedure may be necessary. This problem arises for example when there is a short distance between the 
left subclavian artery and an aneurysm or the primary entry tear of a dissection. 40% of aneurysms in 
the descending aorta are just next to the left subclavian artery but in most patients it can be covered with 
the stent-graft since there is a collateral blood flow in the left subclavian artery through the left vertebral 
artery (Malina et al. 2011). Therefore TEVAR is sometimes done in stages with the aim to revascularise 
arteries that would otherwise be covered by the stent-graft, in some cases a by pass or transposition is 
needed where the left subclavian artery is revascularised with the help from the left common carotid 
artery, a so called debranching of the arch of the aorta. Another alternative is a branched or fenestrated 
stent-graft when all the branches of the arch are involved. Aneurysms that also involve the heart valves 
cannot be treated with TEVAR today since the coronary vessels would be occluded. 
	  
The TEVAR is a challenging procedure usually carried out by an interventional radiologist or a vascular 
surgeon in a sterile configuration under x-ray fluoroscopic guidance or a C-arm in a hybrid interventional 
and surgery theatre. Depending upon the patient’s clinical condition the patient is under local, regional or 
general anaesthetics and all patients are given a bolus dose of heparin. It is important that everything is 
prepared for an eventual surgical conversion. The most common access site is the femoral artery; alterna- 
tive sites are the common iliac artery and the brachial/radial artery. The stent-grafts demand a large intro- 
ducer with a size of 20-26 Fr (7-9 mm) and therefore need a large access. The patient’s femoral arteries are 
reached completely or partly percutaneous or through a surgical cutdown. On the contralateral femoral 
site a small introducer is introduced and through this a graduated-marker pigtail catheter is advanced. 
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Through this pigtail catheter portions of contrast media are injected to evaluate the anatomy of the aorta. 
At the large access site, as can be seen in the picture below, a stiff guidewire is introduced (A) and the 
stent-graft is advanced over the guide-wire (B). The stent-graft is advanced in to the correct position (C) 
the advance being monitored under fluoroscopic guidance. Sometimes more than one stent-graft is neces- 
sary and in those cases it is important that the overlap between two stent-grafts is more than 5 cm to avoid 
future complications (Fanelli and Dake 2009). The insertion of all the devices can be problematic and 
challenging since patients undergoing TEVAR often have co-occurrence with other vascular diseases. 
Once the stent-graft is in place it will be an artificial lumen for the blood to flow through instead of the 
aneurysm or dissection that are sealed. This will take the pressure of the aortic wall and the false lumen 
will eventually thrombose. The aortic wall will therefore stabilize both because of the thrombosis but also 
from the support from the stent-graft (Fanelli and Dake 2009). 
	  
	  

 
	  

Picture of a thoracic endovascular stent put in place. 
Picture from Mark F. Conrad and Richard P. Cambria,Circulation 2008;117;841-852. 
	  
	  
Device related complications are migration of the stent-graft, detachment, rupture, stenosis, retrograde 
dissection, kinking and the most common complication is an endoleakage (Malina et al. 2011) and if 
serious it can be necessary to adjust it with a complementary interventional therapy. The endoleaks are 
classified differently depending on the site of the origin of the leakage. Some reasons to endoleaks are 
incomplete fixation of the stent-graft to the landing zone of the aorta, incompetent overlap seal if several 
stent-grafts were used, retrograde blood flow or stent-graft defects. The most serious complication dur- 
ing TEVAR related to type B dissection can occur when multiple branches of the intercostals arteries 
are occluded. There are multiple collaterals between the spinal cord and the aorta but they are not always 
sufficient enough and this can lead to spinal ischemia and paraplegia in 1-5% of the patients (Malina et 
al. 2011). The risk can be reduced with cerebrospinal fluid drainage, normotension and hypothermia and 
intercostal artery reimplantation is also used. There is also a risk of stroke because of embolus being 
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released during the intervention from the arch and the periprocedural stroke rate is 0-7% (Fanelli and 
Dake 2009). The rate of complications is lower in TEVAR than in open surgery with lower mortality and 
morbidity and lower rates of paraplegia. 
A postimplantation syndrome with fever, elevated C-reactive protein (CRP) and leucocytosis is also re- 
ported (Fanelli and Dake 2009). 
After the intervention the patient must not move around until the effect of the heparin used during the 
intervention has worn of and the activated clotting time (ACT) has normalised and outer compression can 
be necessary (Malina et al. 2011). 
	  
Follow-up is necessary with CT being the imagine method of choice with a follow-up exam preformed 
before the patient discharge, one after 6-12 months and thereafter one yearly (Fanelli and Dake 2009). The 
size of the aorta is evaluated and so are the flow in the lumen, any signs of endoleaks and the position of 
the stent-grafts. 
	  
	  
2.5 Approaches to the femoral access site 
	  
Access to the femoral artery was earlier achieved with a surgical exposure of the femoral artery but the 
trend in the field of surgery is less invasive procedures with the expectations of reduced time to discharge, 
lower complication -and mortality rates. There are three approaches to the femoral access sites, the cut- 
down, the femoral fascial closure and the percutaneous technique (Lonn, Larzon and Van Den Berg 
2010). The choice of the puncture site is important since a too low puncture site increases the risk of de- 
velopment of pseudoaneurysms and arteriovenous fistulas and with a too high puncture site there is a risk of 
retroperitoneal haematomas. There are different ways in how to choose the site some of them being 
palpation of the inguinal skin crease or the maximal femoral pulse, fluoroscopy and ultrasound-guided 
puncture. A study has shown that intraoperative ultrasound guided puncture significantly improved the 
success rate and is recommended as routine in all cases (Arthurs et al. 2008). 
	  
2.5.1 Surgical cutdown 
	  

This approach was commonly used when EVAR was first introduced and the first devices had large 
sheath sizes. A skin incision is made, the CFA is punctured and a transverse, vertical or V-type arteriot- 
omy is made. After the intervention the closure is made with monofilament sutures. Although a cutdown is 
a minor surgical procedure it is still invasive and is now used in complicated cases such as a strange 
anatomy and morbidly obese patients. It is necessary with 5-10 minutes of preparation before application 
making it a bit time consuming. Some common complications of the wounds in the groin are lymphocele, 
infection, paresthesia due to femoral nerve injury, haematoma and delayed healing (Lonn et al. 2010). The 
scar tissue left after the intervention can make a future procedure more complicated. 
	  
2.5.2 Femoral fascial closure 
	  

A compromise of the surgical cutdown and the percutaneous technique is the fascial closure technique. 
The approach is total percutaneous until the end of the intervention just before the large sheaths are re- 
moved when a 4-6 cm incision is made at the puncture site (Lonn et al. 2010). After careful dissection of 
the subcutaneous tissue the cribriform fascia is exposed and a suture is made through the fascia but not 
the CFA and at each side of the introducer along the CFA. A sliding knot is made and the introducer is 
withdrawn but the guidewire is still in place so if a bleeding occurred the introducer can be reinserted 
and an open arterial closure is preformed instead, if haemostasis is achieved the guidewire is withdrawn. 
This technique does not need any time for preparation making it favourable in acute situations such as a 
rupture of the aorta. Several studies have showed that fascial closure is a safe, durable and cost-effective 
method with complication and success rates comparable to other techniques (Harrison et al. 2011) (Lar- 
zon et al. 2006). 
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Pictures above: A fusiform aneurysm before and after a TEVAR, the stent-graft can be seen at the CT 
scan to the right. 
	  
Pictures below: A thoracic dissection, also before and after a TEVAR with the stent-graft to the right. 
	  

	  

 
	  
2.5.3 The percutaneous technique 
	  

This is a technique that causes only minor skin trauma and decreases the invasiveness of an intervention 
even further. In general a percutaneous technique reduces the total time of the procedure, there is less 
blood loss and time to ambulation and hospital stay is shorter (Haulon et al. 2011). Some drawbacks are 
that there is an extended learning curve involved before the physician is familiar with the technique and 
that the procedure is close to just as time consuming as the cutdown and because of that not an alternative in 
real emergency cases such as ruptures (Lonn et al. 2010). Also the percutaneous device itself increases the 
cost. 
Acute complications during the intervention are device failure needing a conversation to an open surgical 
repair and bleeding. Vascular complications after puncture occur with an overall incidence of 4.4% and 
some of them are haematomas, pseudoaneurysms, arteriovenous fistulae, arterial or venous occlusion, 
neural damage and infection (Malkawi et al. 2010). Patient related risk factors are advanced age, female 
sex, morbidly obese or very thin patients and also if previous procedures in the groin have been done 
(Lonn et al. 2010). 
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2.6 The Prostar XL percutaneous vascular surgical design 
	  
When haemostasis is acquired in small femoral arterial access sites (< 8 French) manual compression can 
be used but it is associated with extended bed rest leading to patient discomfort, resource use and cost 
implications (Haulon et al. 2011). The manual compression need 10-20 minutes of forceful compression 
and many patients think this is the worst part of the procedure together with the prescription of a 4-8 hour 
long bed rest (Lonn et al. 2010). For this reason several numbers of vascular closure devices for small ac- 
cess sites in peripheral interventions now exists. For TEVAR (and EVAR) larger access sites are required (> 
10 F) and for this Prostar XL is the only approved device. There is some recent studies using another 
suture-mediated device called the Perclose Proglide showing low incidence of complications (Lee et al. 
2008) (Bent et al. 2009) but this device is not yet approved. Prostar XL was made for interventions not 
exceeding 10 French but in 2002 a study showed that with a tandem technique where two devices were 
used and rotated 45 degrees axially from eachother preventing the sutures of each device from being 
placed in the same location in the arterial wall, it was possible with interventions up to 22 French (Howell et 
al. 2002). The pilot study concerning traditional cutdown versus a total percutaneous technique was 
made by Torsello and colleagues where 30 patients were randomized to either one of the above and the 
conclusions were that the percutaneous technique decreases the invasiveness, reduces procedure time 
and time to ambulation (Torsello et al. 2003). The complications were similar and the authors thought the 
additional cost for the device were justified by the benefits mentioned above. 
	  
The Prostar XL percutaneous vascular surgical device is designed for percutaneous deployment of surgi- 
cal sutures to the common femoral artery puncture sites in the course of different types of catheterization 
and endovascular procedures. The first study where Prostar XL was used in endovascular repair was in 
1999 and the conclusions then made were that patient discomfort was reduced and time to ambulation 
and discharge was shorter (Haas, Krajcer and Diethrich 1999). A recent systematic literature review and 
meta-analysis of the efficacy and safety of the Prostar XL reported that Prostar XL was safe and effective 
having a high rate of procedural success equal to closure by femoral artery cutdown (Haulon et al. 2011). 
The procedural time was reduced statistically significant with approximately 1 hour, some of the benefits 
from this could be reduced time of general anaesthesia and it may lead to an increase in the number of 
interventions that are possible in one day. The time to ambulation and discharge was shorter, though not 
statistically significantly so, with Prostar XL in comparison to surgical cutdown. This can also lead to 
cost savings since it may reduce resource use and the time the patients require intensive monitoring and 
care. These facts may compensate for the device itself being more expensive but there are studies both 
implicating reduction in total cost due to the reduced resource use and hospitalization costs and some 
studies showing an increase in cost with the device being expensive. Complication rates may be lower 
with the Prostar XL but not statistically significantly in comparison with surgical cutdown. Interventions 
with the Prostar XL are well tolerated by patients with a small amount of postinterventional discomfort 
and a rapid return to normal activities (Fanelli and Dake 2009). Several studies have reported device 
malfunction and technical errors as a cause of complications early in the experience suggesting that there is 
a learning curve for the new technique and also that it is more difficult when two Prostar XL are used 
instead of just one (Watelet et al. 2006) and therefore the experience of the operator being one of the most 
important predictors of success (Eisenack et al. 2009). 
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2.6.1 The technique 
	  

Prostar XL is placed at the arteriotomy site already at the beginning of an intervention holding four nitinol 
needles and two braided sutures but the knots are not tied until afterwards. Prostar XL consists of 4 com- 
ponents, first a hydrophilic catheter that accepts a standard guide wire to guide the device into the aorta. 
Second a dedicated marker with a marker tube, the Prostar XL is advanced into the CFA until pulsatile 
blood flow is seen through the lumen of the marker allowing documentation of a proper position within 
the CFA. Third a rotating barrel that receives the needles when the device is locked in to a right position 
but first the rotating dissects atraumatically and bluntly down to the CFA and fourth a needle-delivery 
system that deploys the needles and also the sutures through the wall of the CFA and into the rotating 
barrel. This procedure is done twice with two Prostar XL devices for larger access sites. The Prostar XL is 
then removed and the intervention proceeds with the sutures left untied and secured to avoid slippage and 
entanglement. There is also a Perclose Knot Pusher so that when the bore sheaths are withdrawn at the 
end of an intervention with the guidewire still in place, the sutures are tied with a sliding knot and if 
haemostasis is confirmed then the guidewire can be removed and the Perclose Knot Pusher advances the 
tied suture to the arteriotomy. The subcutaneous tissue can be infiltrated locally with analgesics and the 
incision edges just approximated together with adhesive Steri-strips. If it is still bleeding from the femo- 
ral access when the Prostar XL is removed then conventional compression methods can be used such as 
manual compression or mechanical methods such as a FemoStop. 
	  
	  
	  

 
	  

Picture of the Prostar XL. Picture from www.bcdecker.com. 
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There are not any restrictions from the manufacturer considering reaccess if Prostar XL was used in a 
previous intervention. The safety and effectiveness of Prostar XL is uncertain in patients with severe 
claudication, with femoral artery calcification, morbidly obese patients, femoral or iliac artery stenosis of 
more than 50%, and previous surgery or graft placement in the access site. 
	  
Some complications resulting from interventions where the Prostar XL is used are failure with technical 
success needing conversion to open femoral repair, and access-related complications such as pseudoaneu- 
rysms, haematoma, localized vessel trauma that may need surgical repair, arterial or deep vein throm- 
bosis, local infection, lymphocele, nerve injury and paresthesia, local pulse deficit, blood loss leading to 
blood transfusion and that the wound can be burst open. 
	  
	  
2.7 Aim with the study 
	  
This is a retrospective study at the Section of Radiology, Department of Radiology, Oncology and Radia- 
tion Sciences (ROS) and the Department of vascular surgery at Uppsala University Hospital evaluating 
the experience of using the Prostar XL closure device in thoracic endovascular repair. The evaluation 
included the success rate, complications and relation to BMI. 
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3. Materials and methods 
	  
	  
Patients treated with a thoracic endovascular aortic repair (TEVAR) between January 1st 2006 and Decem- 
ber 31st 2010 were included. The clinical indications included both acute and chronically thoracic aortic 
dissection, thoracic aortic aneurysm and thoracic aortic traumatic injury. Demographic data, intraopera- 
tive variables, and follow-up outcomes were recorded. A total of 128 TEVAR-procedures in 124 patients 
were performed percutaneous with Prostar XL as closure device. A few patients underwent TEVAR 
several times meaning that patients who had previous groin surgery were not explicitly excluded. The 
endovascular procedures required a 20-26 French (7-9 mm) introducer and two Prostar XL, i.e. 4 sutures, 
were used if nothing else stated. The contra lateral CFA was also punctured during the TEVAR but these 
punction sites were not included in the study since they are not as large as the access sites necessary for 
the large introducers used during TEVAR but for a smaller diagnostic catheter. Each CFA access site was 
punctured under ultrasound guidance and the procedure was preformed in an interventional radiology 
site under fluoroscopic angiography by experienced interventional radiologists and vascular surgeons. 
Thirty-one additional patients underwent a thoracic endovascular aortic repair but the Prostar XL was not 
used and they were therefore not included in the study (table 1). 
	  
	  
	  
	  

Table 1. TEVAR without the use of the Prostar XL 
	  

Reason for not Number Commentary Femoral fascial Surgical 
using Prostar   closure cutdown 

	  
	   Open thorakal surgery 12 1 stent via the 

carotid aretery 
	  

	  

Emergency surgery 
	  
Stent-graft via 

	  

7 
	  

1 

	  

4 ruptured TAA 
and 3 dissections 

	  

3 
	  

4 

conduit iliac 	   	   	   	  
	  

Previous aorto- 
bifemoral bypass 

	  

1 
	  

Due to a previous 
AAA 

	   	  

1 

	  

Elective TEVAR with 
transposition 

	  

2 	   	  

2 	  

	  

Damage of the 
Iliac artery 
	  
	  
	  
	  
	  
Dead during 

	  

5 
	  
	  
	  
	  
	  
	  

2 

	  

Prostar was placed 
but the introducer 
caused bleeding (2), 
iliac rupture that was 
stented (2), fem-fem 
bypass (1) 
Prostar was placed 

	   	  

2 

intervention 	   but patient died on table 	   	  
	  

Unclear 
	  

1 	   	   	  
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The medical records and CT images of all patients were reviewed retrospectively according to a prede- 
fined study protocol (appendix 1) and recorded into a computerized database (SPSS statistics). The medi- 
cal records were reviewed to extract patient characteristics prior to the intervention and to evaluate any 
complications. All medical records were reviewed for as long as there were any or until death. Baseline 
patient’s characteristics are summarized in table 2; the interventions that were re-accesses are not in- 
cluded since they involve the same patients. 
	  
	  
	  

Table 2. Patient characteristics 	  

Characteristic 	  

Total number of interventions 
Total number of patients  
Total 

Male 

	   n= 128 
n= 124 
	  
n= 87 

	  
	  
	  
	  

70% 
Female 

Age (years) 
	   n= 37 30% 

Mean 64 	   	   	  
Median 67 	   	   	  
Range 21-85 	   	   	  

Co-morbidities 
Smokers 

	   	  

	  
34 

	  

	  
30% (n/114) 

Missing value (patients) 	   14 	  
BMI (bodyweight /(height * height) = kg/m*m)) 

Mean 27 	   	  
Range 17-39 	   	  
Median 
Missing value (patients) 

26 	  
33 

	  

	  

Hypertension 	   	  

80 
	  

63% 
Diabetes mellitus 	   9 7% 
Coronary artery disease 	   20 16% 
Cerebrovascular  disease 	   9 7% 
Chronic Obstructive Pulmonary Disease 	   23 18% 
Renal failure 	   13 10% 
Marfan s syndrome 	   1 0.8% 
	  

Prior intervention in CFA 	   	  

13 
	  

10% 
Unclear 	   2 	  

Prior Prostar XL 	   3 2% 
Unclear 	   2 	  

Medication 	   	   	   	  
Acetylsalicylic acid 	   29 23% 
Clopidogrel 	   2 2% 
Antihypertensive  drugs 	   84 66% 
Waran 

PK INR prior to intervention 
Range 

	  
	  

1.3-2.9 

8 6% 

Mean 2.0 	   	  
Missing value of the PK INR 2 	   	  



	  

	   20	  

The CT images were evaluated with CT scans that were done both before the TEVAR and all CT exami- 
nations that existed postoperatively. The CT follow-up varied from 2 days after the intervention to a total of 
52 months. There was a great variety in the number of CT scans analyzed for each patient, in some 
cases there were only one found and in some cases several examinations had been made and in those 
cases all existing scans of the aorta were analyzed. 17 patients only had incomplete CT scans meaning 
that the bifurcation of the CFA wasn’t visible. A follow-up CT is supposed to be routinely preformed at 1-
3 months and thereafter annually. Since Uppsala University hospital receives many patients from other 
hospitals not all CT scans and medical records were available neither from prior the intervention nor for 
the follow-up. Therefore were follow-up CT examinations asked for from the other hospitals (Eskilstuna, 
Västerås, Mora, Gävle, Falun, Hudiksvall, Nyköping, Katrineholm, Köping, Åland, Karlstad, Linköping, 
Östersund, Sunderbyn, Örnsköldsvik, Sundsvall, Bollnäs and Avesta). A medical student (MB) and a 
vascular surgeon (ES) reviewed all the CT images with guidance from an experienced professor in in- 
terventional radiology (RN). The CT scan was reviewed for evidence of lesions near the access site such as 
dissection, stenosis, pseudoaneurysm, arteriovenous fistula and haematomas. In some patients either their 
hospital couldn’t provide us with CT examinations or there was a CT scan but it didn’t go all the way down 
to the bifurcation of the CFA so there are included in the quota as if there weren’t any CT follow-up. The 
medical records were not further collected from other hospitals. 
	  
During the study period of 5 years 128 interventions and 15 re-interventions were preformed where the 
Prostar XL were used in a total of 124 patients. Table 3 shows the various indications for TEVAR. 
	  
	  
	  

Table 3. Indications 
	  

	  

	  
	  
Outcome measures included rates of immediate technical success, conversion to open femoral arterial re- 
pair, and access-related complications. Primary outcome was defined as an immediate technical success 
with a successful closure of the CFA without any need for surgical conversion or endovascular interven- 
tion. An access-related complication was defined as any haematoma, pseudoaneurysm, arteriovenous 
fistula, occlusion, stenosis, seroma or surgical site infection. 
All statistical analyses were performed utilizing the statistical program SPSS Statistics and Microsoft 
Excel. 

Indication n % (n/128) 
	  

Intact aneurysm 
	  

52 
	  

41 
Elective intervention 46 88 (n/52) 
Acute intervention 6 12 (n/52) 

Chronic dissection 29 23 
Acute dissection 21 16 
Rupture 16 13 

Aneurysm 12 75 (n/16) 
Dissection 3 19 (n/16) 
Covered rupture 1 6 (n/16) 

Trauma 8 6 
Aortic ulcerations 2 2 
Total 128 ≈100 
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4. Results 
	  
	  
Event rates were analyzed per femoral artery where the Prostar XL had been used and the rate of immedi- 
ate technical success, i.e. the primary success rate was 91%. There were 9% failures and the reasons and 
the complimentary interventions are presented in table 4. 
	  
	  
	  

Table 4. Immediate complications / data from the interventions 
	  

Immediate 
complications 

n % (n/128) Complementary  intervention 

None 116 91 	  
	  

Haematoma 
	  

5 
	  

4 
	  

Compression with FemoStop (n=1) 
Surgical cut down (n=4) 

	  

Technical failure 
	  

7 
	  

5 
	  

Surgical cut down (n=5) 
Femoral fascial closure (n=2) 

	  

Occlusion 
	  

0 
	  

0 	  

	  
	  
	  

The failures on table were spread over time. 1 occurred 2007, 4 occurred 2008, 2 occurred 2009 and 5 
2010 of a total of 36, 31, 18 and 18 interventions per year, respectively. Indications for the on table failures 
are listed in table 5. 
	  
When something is compared to overall in this and other tables it means that it is compared to the same 
variable but the total number of that variable in all the 128 interventions, the groups on table success and 
on table failure both included. An example is the rate of aneurysms as an indication for TEVAR; in the 
total group of interventions (both when it was an on table success or not) an aneurysm was the indication in 
52 cases (41%), that comparison can be seen for all indications in table 5. 
	  
	  
	  

Table 5. Indications for the interventions where Prostar XL failed on table 
	  
	  

Indication n % (n/12) % overall 
(the total number of that 
indication in 128 
interventions) 

	  

Aneurysm 6 50 41 
Chronic dissection 3 25 23 
Rupture 3 25 13 

 
 
 
The mean value of BMI in the group with on-table failure was 28 (range 22-34 and 3 missing values), in 
the group with on-table success BMI was 26 (range 17-39) and overall 27. The mean size of the introducer 
was the same for both groups with 23 French (range 20-26). 
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Table 6. Distribution of preoperative calcification and stenosis of the CFA 

Group Stenosis, n % (n/128) Calcification, n % (n/128) 

On-table success 0 0 9 7 
On-table failure 1* 1 1* 1 

* In the same patient 

Table 6 presents the distribution of calcification and stenosis in the CFA that could be seen on the avail- 
able CT examinations prior to the interventions. In the group of on table success 38 CT scans were not 
covering the bifurcation of the CFA or the CT scan was missing prior to the intervention, the same num- 
ber for the group with on table failure was 3 missing values. 
Table 7 shows the follow-up with CT and medical records. Data was available for all of the interventions 
and in-hospital complications, i.e. before the patient was sent home or to another hospital. The follow-up 
with those CT scans that visualised the bifurcation of the CFA were used to declare if any post-interven- 
tional complications existed. The cases where there was a CT scan but it didn’t go all the way down to 
the bifurcation are included in the quota as if there weren’t any CT follow-up. If there were at least one 
CT scan showing the bifurcation it was counted as that a follow-up existed. If the patients were followed 
up in the region all CT scans of the aorta were ordered from the different hospitals. The cases where we 
didn’t receive the proper CT scans from the other hospitals and if the patients passed away before any CT 
are also counted as none follow-up. In the table the follow-up is divided into CT follow-up and follow-up 
with medical records. The data can be seen separately for the two groups with on-table success or on- 
table failure and also the total follow-up in the total group of 128 interventions. 

Table 7. Follow up: CT and medical records 

Group CT, n % Medical records, n % 
	  

On-table success 88 76% (n/116) 67 58% (n/116) 
On-table failure 9 75% (n/12) 6 50% (6/12) 
Overall 97 76% (n/128) 73 57% (n/128) 

	  
	  
11 patients had no follow-up at all, one of them being an on-table failure. An additional 9 patients died 
during the time of follow-up and are not included in the numbers above. 
	  
Table 8 shows the overall rate of complications after the interventions divided into in-hospital complica- 
tions and late complications. The group of 12 on-table failures are also included in the table and these 
are complications that developed after the closure of the access site. A small haematoma is defined as a 
small expanding bleeding not needing any blood transfusion or need for an intervention whilst a large 
haematoma does. A superficial infection is one not needing any surgical treatment or antibiotics whilst a 
abscess does. A group of non-related complications that includes general complications such as stroke, 
myocardial infarction, sepsis and non-groin complications such as endoleakage, intestinal obstruction, 
infections in the urinary tract etcetera are not included in the table. 
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Table 8. In-hospital and late complications 
	  

Complication On-table success 
n % (n/116) 

On-table failure 
n % (n/12) 

Overall 
n % (n/128) 

None 96 83 2 17 98 77 
	  

In hospital complications 	   	   	   	   	   	  

	  

Total 
	  

13 
	  

11 
	  

8 
	  

67 
	  

21 
	  

16 
Small haematoma 9 8 8 67 17 13 
Large haematoma 0 0 0 0 0 0 
Superficial infection 3 3 0 0 3 2 
Abscess 1 1 0 0 1 8 
	  

Late complications 	   	   	   	   	   	  

	  

Total 
	  

12 
	  

10 
	  

2 
	  

17 
	  

14 
	  

11 
Pseudoaneurysm 11 9 0 0 11 9 
Deep vein thrombosis 1 1 0 0 1 1 
Occlusion 0 0 1 8 1 1 
Seroma 0 0 1 8 1 1 
Nerve injury 0 0 0 0 0 0 
Entrapment 0 0 0 0 0 0 
Fistula 0 0 0 0 0 0 

	  
	  
All aortic re-interventions are listed in table 9. As seen there were a total of 15 re-interventions requir- 
ing a re-access in the same CFA. 13 patients had 2 interventions in the same CFA and 1 patient had 3 
interventions in the right CFA. 
Several patients had several CT scans after the intervention but only the last CT scan is mentioned in the 
table. 
As can be interpret from table 9, nine re-accesses took place without any complications, the one with 3 
accesses in the same CFA included. In one case a technical failure occurred during the primary interven- 
tion and was converted into a surgical cutdown, still a re-access was made in approximately nine months 
that resulted in a pseudoaneurysm that didn’t need any further intervention. In another case a haematoma 
occurred during the primary intervention and a surgical cutdown was made and a seroma could be seen 
on a CT post intervention, still re-access after 20 months was possible without further complications. In 2 
cases there was a haematoma after the re-access, one developed into a pseudoaneurysm that didn’t need 
further intervention while the other one had an incomplete follow-up. Also in one case a small pseudoa- 
neurysm occurred after the primary intervention but still a re-access was made without more complica- 
tions and the pseudoaneurysm did not expand. Indications for a re-intervention included endoleakage (n 
=6), aneurysm expansion (n =6), entry-coverage (n =2) and infolding (n=1). The follow-up time for the 
latest intervention ranged roughly from none (due to death) to 39 months with the mean follow-up time of 
17 months. Compared to all interventions (table 2) 36% were smokers (overall 30%) and the mean of BMI 
was 23 (overall 27). 
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Table 9. Re-accesses 
NAD, nothing abnormal detected with a CT scan in the CFA. L = left. R = right. 

	  
Case nr. Groin L/R 

Date 
Groin L/R 
Date 

Groin L/R 
Date 

Complications 
Date for last CT follow-up 

1 R 
080323 

R 
080417 

	   No complications. 
CT 090123 NAD. 

	  

2 
	  

L 
	  

L 	   	  

No complications. 
	   071219 071228 	   CT 110322 NAD. 
	  

3 
	  

R 
	  

R 	   	  

None in between the 
	   060221 070612 	   interventions, CT 070411 
	   	   	   	   NAD. 
	   	   	   	   Dead due to a myocardial 
	   	   	   	   infarction 070616. 
	  

4 
	  

R 
	  

R 	   1st technical failure, 
	   081007 090729 	   surgical cutdown. 

2nd small haematoma, 
	   	   	   	   pseudoaneurysm 110217. 
	  

5 
	  

R 
	  

R 	   1st haematoma, surgical 
	   080730 100324 	   cutdown. CT 080910, 
	   	   	   	   seroma. CT 100705 NAD. 
	  

6 
	  

R 
	  

R 	   	  

CT 070212 NAD. 
	   061011 070402 	   CT afterwards incomplete. 
	  

7 
	  

R 
	  

R 	   	  

No complications. 
	   090109 091009 	   CT 110205 NAD. 
	  

8 
	  

R 
081203 

	  
R 
091021 

	   	  

1st none, CT 081206 NAD. 
2nd haematoma and 

	   	   	   	   pseudoaneurysm 6,8 mm. 
	   	   	   	   CT 101012 NAD. 
	  

9 
	  

R 
	  

R 	   1st , CT 080325 
	   080125 080626 	   pseudoaneurysm 6 mm R. 
	   	   	   	   CT 080814 pseudoaneurysm 
	   	   	   	   <5 mm. 
	  

10 
	  

R 
	  

R 
	  

R 
	  

No complications. 
	   070714 071121 080215 CT 100315 NAD. 
	  

11 
	  

R 
	  

R 	   	  

No complications. 
	   061019 070508 	   CT 081113 NAD. 
	  

12 
	  

R 
	  

R 	   2nd small bleeding. 
	   070309 070516 	   Incomplete CT follow-up. 
	  

13 
	  

R 
	  

R 	   	  

No complications. 
	   091129 100301 	   CT 110627 NAD. 
	  

14 
	  

R 
	  

R 	   	  

No complications. 
	   090610 100120 	   CT 091106 NAD. 
	   	   	   	   No more follow-up due to 
	   	   	   	   death. 
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Except for the 3 pseudoaneurysms that developed in the re-access group and didn’t need any intervention 
another 11 pseudoaneurysm were seen. For these 11 the follow-up ranged from 3 to 58 months with the 
mean of 19 months. The size of the pseudoaneurysms ranged from ≤ 5 mm to 21 mm. Two of these went 
into total regress during follow-up. The patient with the pseudoaneurysm of the size of 21 mm died of 
other causes. Only one pseudoaneurysm of the size of 5 mm was recommended treatment with thrombin, 
the rest were not treated. In table 10 a comparison can be seen between the 128 interventions in table 2 
(overall) and the pseudoaneurysm. Compared to all the interventions the difference was not statistically 
significant either for BMI or smoking. 
	  

	  
	  
	  
	  
	  

Table 10. Indications, BMI and smoking 
	  

Indication Overall (n/128) Pseudoaneurysm  (n/15) 
Intact aneurysm 41% 55% 
Chronic dissection 23% 27% 
Acute dissection 21% 9% 
Rupture 16% 9% 
	  

BMI, mean 
	  

27 
	  

23 
	  

Smoking 
	  

30% 
	  

9% 
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5. Discussion 
	  
	  
This study reports an excellent primary technical success rate (91%) with no major late complications 
needing any intervention following the use of Prostar XL after TEVAR suggesting that TEVAR safely 
can be performed totally percutaneous. During those five years that this study covers 174 TEVAR were 
done and in 82% (n=143) of these the Prostar XL was used. The only drop-out were those cases listed in 
table 1 meaning that the only selection was some cases where stent-graft delivery was obtained through 
open thoracic access after thoracic surgery and when the surgery was acute. Our primary success rate, 
defined as immediate on-table success without any need of surgical conversation, of 91% is well consisted 
with other available studies such as two recent meta analysis where the weighted average success rate was 
90% (Malkawi et al. 2010) and 91% (Haulon et al. 2011). However, our study is to recent date the larg- 
est when it comes to patient undergoing TEVAR, commonly requiring larger sheath sizes. There was no 
peri-operative mortality except for 2 cases where Prostar XL was put in place but the patients died due to 
reasons not connected to the closure device. 
	  
The overall incidence of locoregional complications is similar with other studies with the Prostar XL 
(Haulon et al. 2011, Malkawi et al. 2010) but the complications that occurred, both the ones in hospital 
and the late ones, were uncomplicated and did not need any advanced intervention. Our results indicate 
that peri-operative diligence can recognise most complications associated with the use of Prostar XL such as 
technical failure and haematomas and enable them to be corrected immediately without any advanced 
further complications. Femoral artery compromise and nerve complications may occur but did not in 
our study, the risk being minimised through ultrasound guidance and accurate placement of the suture. 
Main risk factors for technical failure are obesity, calcified femoral arteries, prior surgery to the femoral 
groin and tortuous iliac arteries (Jean-Baptiste et al. 2008) but none of these factors were considered as 
an exclusion criteria in our patient selection. Arterial calcification may be a relative indication but we 
only had one patient with significant calcification leading to a stenosis so no further conclusions can be 
made. The rate of pseudoaneurysms after other percutaneous devices has been reported as low as 1-2% 
but then only pseudoaneurysms greater than 3 cm were considered and by so their true incidence were 
potentially under reported. This study had a comparatively higher rate than the other studies but in this 
study no pseudoaneurysm was symptomatic and didn’t have a greater diameter than 21 mm. Only one 
was eventually treated with thrombin and the rest were successfully treated conservatively. If we don’t 
count these pseudoaneurysm into the complication rate for the on-table success group the late complica- 
tions rate would be just 0.1%. We therefore conclude that the rate of clinically significant pseudoaneurysm is 
quite small. 
	  
A drawback with this study is that all patients didn’t have sufficient follow-up meaning that there could 
have been complications that didn’t come to our attention. Also the follow-up with CT studies varied 
broadly between 2 days - 52 months but all patients had a follow-up while still in hospital. Only 11 
patients didn’t have any follow up at all meaning that there wasn’t any CT scan available, the CT scan 
wasn’t conclusive and there were no medical records. It is important that the entire femoral bifurcation is 
visualized and if not the CT scans is not conclusive, this is possible since it isn’t common practice to run 
the scan all the way down to the bifurcation of the CFA. By so it wasn’t possible to say for sure that there 
wasn’t a complication at the access site for the Prostar XL. It would be recommended to run the scan all 
the way down to the bifurcation during the regular follow-up. There was also a great variation in the 
numbers of CT scans available for each patient, in those cases where there was only a late follow-up scan 
we could have missed early pseudoaneurysms or haematomas that had gone into regress at the time of our 
study. 
	  
There are studies comparing the Prostar XL to surgical cutdown showing high success rates and a lower 
rate of complications such as lymphocele with the Prostar XL (Malkawi et al. 2010). In cutdown infection is 
a common complication but wasn’t a significant complication with Prostar XL in our study. Avoidance of 
surgical cutdown might decrease the risk for scar formation, infection and lymphocele and facilitate re-
interventions when necessary. Studies have also shown a reduction in total procedural time, time to 
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ambulation and time to discharge when Prostar XL was used (Haulon et al. 2011). By this it was thought 
that the savings in hospitalization cost when Prostar XL was used compensated for the additional cost for 
the device. These measurements were not possible in this study due to it being retrospective. A Prostar 
XL device costs 2375 Swedish Krona and for every groin 2 devices are needed. Some costs such as the 
room of intervention and hospitalisations costs may be reduced but the cost for the material used for the 
procedure is increased. It is therefore not possible to say if Prostar XL is associated with a reduction in 
total medical cost but the cost question is a considered obstacle preventing Prostar XL from widespread 
use. 
	  
There is not any study comparing the Prostar XL to fascial femoral closure. Studies regarding femoral 
fascial closure have showed success rates of 87% (Harrison et al. 2011) and 88% (Larzon et al. 2006), 
i.e. slightly lower or similar to our success rate. A study where the fascial closure technique was used in 
131 access sites showed 12% failure on table and a complication rate of 14% (Larzon et al. 2006) with 
stenosis (not clinically significant) and pseudoaneurysms as the most common late complications. In the 
other study 69 CFA were accessed with the primary failure rate of 13% and late complications included 4 
uncomplicated pseudoaneurysms (Harrison et al. 2011). 
The success rates and complication rates are similar but the use of local anaesthesia, could lead to greater 
patient discomfort after the intervention using fascia suture. 
A randomised controlled trial where Prostar XL should be compared with femoral fascial closure and sur- 
gical cutdown is desirable where outcome data and data on overall cost effectiveness should be included to 
define the role of Prostar XL in patients requiring large access site during TEVAR interventions. 
	  
Another previously shown risk factor for gaining a percutaneous access is a previous groin incision (Ei- 
senack et al. 2009) especially if a cutdown has been previously made. We had in total 15 reaccess without 
any complications needing further interventions and also one patient had Prostar XL tied 3 times in the 
same groin without any complications suggestions that it may be feasible to use Prostar XL during several 
interventions even if there has been a prior intervention. 
Several studies have identified morbid obesity as a predisposing risk factor for poor outcome with totally 
percutaneous repair (Starnes et al. 2006). In our study the mean value of BMI was 27 with the majority of 
the patients being obese but not morbidly so. Five patients were morbidly obese (>35) and of those all had 
on-table success and 3 without any complications. One had a small groin infection that didn’t need 
antibiotics and one developed a small pseudoaneurysm that was treated conservatively. This may suggest 
that it may be feasible to use Prostar XL in morbidly obese patients but our sample size is far too small to 
make firm conclusions. Our sample also shows a smaller number of smokers than similar studies but this 
isn’t conclusive. 
	  
Success rate is also dependent upon operator experience with a higher rate of complications during the 
initial experience with the device (Eisenack et al. 2009), as for any other new technique. Prostar XL was 
introduced 2003 at Uppsala University Hospital and had been used for a few years before the interven- 
tions that were included in this study meaning that there wasn’t a learning curve to consider. In this study 
almost exclusively 4 highly experienced operators tied the Prostar XL. The distributions of technical 
failures over the duration of the study were equally but a slightly higher incidence the last year. 
	  
The main potential limitation of this study is that it is retrospective, which is important to consider when 
interpreting the results. There weren’t any evaluations directly after the interventions with the aim of ex- 
amine the groins thoroughly and a lot of the CT scans weren’t complete and didn’t run all the way down to 
the groin. 
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6. Conclusion 
	  
	  
In conclusion, this study confirms that the use of Prostar XL in patients undergoing TEVAR appears safe 
and effective, even in acute situations. Failure can be recognized immediately and easily managed with 
surgical conversation intra-operative. Late complications requiring additional interventions are rare, the 
locoregional complications being uncomplicated and on an acceptable level. 
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Appendix 1. 
	  
	  
Study protocol of patients undergoing TEVAR. 

	  
	  
	  

1.1 Bas 
	  

Interventionsdatum: 
	  

Indikation: Aneurysm, akut dissektion, kronisk dissektion, trauma 
	  

Personnummer Ålder vid 
interventionen: 

	  

Kön Man Kvinna 
Rökning Ja Nej 
Längd Cm 	  
Vikt Kg 	  
BMI 	   	  
Hypertoni (behandlad anamnestiskt) Ja Nej 
Diabetes Ja Nej 
CAD ( coronar artery disease, angina el. hjärtinfarkt) Ja Nej 
Cerebrovaskulär  sjukdom Ja Nej 
Kronisk obstruktiv sjukdom Ja Nej 
Njurinsufficiens (ska nämnas i anamnesen) Ja Nej 
Bindvävssjukdom ( Marfan, EDS, annan) Ja Nej 
Tidigare kärlsjuka Ja Nej 
Om ja, vad & eventuell åtgärd: 	   	  

Tidigare opererad i aktuell ljumske Ja Nej 
Om Ja, i vilket sammanhang: 	   	  

Om Ja, har ProStar använts tidigare: Ja Nej 
	  

Plats för kommentarer: 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

1.2 2  L ä k e m e d e l 
	  

ASA 
(Trombyl,Asasantin,Treo,  Aspirin) 

Ja Nej 

Clopidogrel 
(Clopidogrel,Plavix,Grepid) 

Ja Nej 

Antihypertonika Ja Nej 

Waran Ja Nej 

Om Ja på Waran: PK-INR innan ingrepp: 	  
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1.3 3   F a k t a  a c c e s s - s i t e s p r e - i n t e r v e n t i o n e l l t 
	  

Kalk i A.fem.com 
50 % 

Ja Nej 

Stenos i A.fem.com 
50 % 

Ja Nej 

Fettskikt i cm mätt i 
aktuell ljumske/ar 

cm 	  

Inkomplett CT – 
uppföljning 
(ej framställt femoralis 
communis,  profunda) 

Ja Nej 

	  
	  
	  
	  

2 . 1  I n t e r v e n t i o n e n 
	  

Primärt öppen J a Nej 
Storlek på inducern 
(innerstorlek) 

H ö = Fr V ä = Fr 

Antal ProStar H ö = st V ä = st 

P r i m ä r t l y c k a n d e – 
”on table ” 

J a 
	  
(inget hematom, ingen 
kompletterande åtgärd, ingen 
konvertering) 

Nej 
	  
1. Stor blödning 
2. Liten blödning 
3. Technical failure 

(ex. pga. kalk el. 
Device-relaterat) 

4. Ocklusion 
5. Generellt 

Kompletterande  åtgärd 
(akut) 
	  
HÖGER 

J a , 
Manuell  kompression 
FemoStop 
FASCIAsutur 
KÄRLsutur  (öppen) 

N e j 

Kompletterande  åtgärd 
(akut) 
	  
VÄNSTER 

J a , 
Manuell  kompression 
FemoStop 
FASCIAsutur 
KÄRLsutur 

Nej 

Blodtransfusion J a , antal: N e j 

Total tid min Tid angiven i: 
1. OP-tid 
2. Anestesi-tid 

Samtliga genomgår enligt standardprocedur ultraljudsledd punktion. Samtliga får enligt 
standardprocedur antibiotika samt LWMH. 
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2 . 3  R a d i o l o g i s k  o c h  k l i n i s k  u p p f ö l j n i n g ,  k o m p l i k a t i o n s r e g i s t r e r i n g 
	  

Komplikation 
	  

< 24 h 

Ja Nej Fastställt med: 
1. CT 
2. Duplex 
3. Kliniskt 

Om ja, vilken typ av 
komplikation 

1. Liten blödning 
2. Stor blödning 
3. Ytlig infektion 
4. Djup infektion 
5. Ocklusion 
6. Pseudoaneurysm 
7. Nervskada 
8. Entrapment 
9. Generell (stroke, 

hjärtinfarkt,  sepsis, 
blödningschock) 

10. AV-fistel 
11. Annan icke 

ljumskrelaterad. 

Om ja, när: Plats för kommentarer: 

Komplikation 
	  
<   3 0 d 

Ja Nej Fastställt med: 
1. CT 
2. Duplex 
3. Kliniskt 

Om ja, vilken typ av 
komplikation 

Nummer se ovan: Om ja, när: Plats för kommentarer: 

> 3 0 d – 1 å r Ja Nej Fastställt med: 
1. CT 
2. Duplex 
3. Kliniskt 

Om ja, vilken typ av 
komplikation 

Nummer se ovan: Om ja, när: Plats för kommentarer: 

Slutkontroll När: 
	  
Total tid postop: 

Hur: 
1. CT 
2. Duplex 
3. Kliniskt 

	  

Inkomplett CT – 
uppföljning 
(ej framställt femoralis 
communis,  profunda) 

Ja Nej 

Finns omnämnt 
palpation av femoralis- 
pulsar efter ingrepp: 

Ja, goda pulsar och 
sidlika. 
	  
Datum: 

Nej 

	  

Allmänna  kommentarer: 
	  

Patienten har  överförts till följande  sjukhus som  ska  kontaktas ytterligare uppföljning (om det gått 
mindre än 1 år sen senaste kontroll här): 


