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Abstract

We compared the use of manual compression and Angio-
Seal and Starclose arterial closure devices to achieve he-
mostasis following common femoral artery (CFA) punctures
in order to evaluate safety and efficacy. A prospective
nonrandomized, single-center study was carried out on all
patients undergoing CFA punctures over 1 year. Hemostasis
was achieved using manual compression in 108 cases, An-
gio-Seal in 167 cases, and Starclose in 151 cases. Device-
failure rates were low and not significantly different in the
two groups (manual compression and closure devices;
p = 0.8). There were significantly more Starclose (11.9%)
patients compared to Angio-Seal (2.4%), with successful
initial deployment subsequently requiring additional manual
compression to achieve hemostasis (p < 0.0001). A signif-
icant number of very thin patients failed to achieve hemo-
stasis (p = 0.014). Major complications were seen in 2.9%
of Angio-Seal, 1.9% of Starclose, and 3.7% of manual
compression patients, with no significant difference dem-
onstrated; 4.7% of the major complications were seen in
female patients compared to 1.3% in males (p = 0.0415).
All three methods showed comparable safety and efficacy.
Very thin patients are more likely to have failed hemostasis
with the Starclose device, although this did not translate into
an increased complication rate. There is a significant in-
creased risk of major puncture-site complications in women
with peripheral vascular disease.
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Percutaneous endovascular interventions are increasingly
performed in an effort to avoid surgery. The growing
success of interventions and requirement for day case or
outpatient procedures has led to a concomitant rise in the
use of arterial closure devices to achieve hemostasis and
allow early mobilization following arterial punctures. When
compared to manual compression, several studies have
confirmed patient comfort, reduced time to achieve
hemostasis, reduced time to ambulation, and early discharge
[1-5].

The safety and efficacy of the Angio-Seal is well
documented [6-8] and this device has been used in our
department for several years. However, some problems have
been reported in the literature, of which acute femoral artery
occlusion, infection, and distal embolization are the most
serious. More recently, the Starclose was introduced to our
practice. There have only been two published studies
assessing the use of Starclose. This clip-based device
remains outside the vessel lumen and theoretically should
not cause intraluminal problems [9, 10]. No studies have
been published comparing these two closure devices;
therefore, in an attempt to inform our practice, we
prospectively collected data using these devices and manual
compression.

The Angio-Seal STS Plus (St. Jude Medical) is composed
of a collagen sponge and a specially designed polymer
anchor connected by a self-tightening suture. All of the
components are absorbable. The device seals and sand-
wiches the arteriotomy between its two primary members:
the anchor and collagen sponge. Hemostasis is achieved
primarily by the mechanical means of the anchor—arteriot-
omy—collagen sandwich, which is supplemented by the
coagulation-inducing properties of the collagen. The device
is contained in a delivery system that stores and then
delivers the absorbable components to the arterial puncture.



L.A. Ratnam et al.: Arterial Closure Devices

Immediate repuncture of the artery is feasible and the
components are said to absorb within 3 months, leaving no
residual material.

The Starclose (Abbott Vascular Devices) features a star-
shaped Nitinol clip approximately 4 mm in diameter that is
positioned against the outside arterial wall at the puncture
site and then released. The device has small pins that grab
the arterial tissue from the outside, then folds inward,
causing it to pucker and seal the puncture, providing an
extravascular closure that does not enter the vessel lumen.
The clip applier is attached to the introducer sheath, which
is inserted following the primary procedure. The clip is then
advanced down the inside of the sheath. The vessel locator
button is depressed. The device is apposed against the
arteriotomy with gentle traction. The thumb advancer slides
forward, splitting the sheath as the clip is advanced to the
arteriotomy. While maintaining tension, the trigger button is
depressed, deploying the clip. The clip applier and sheath
are withdrawn.

Materials and Methods

A prospective single-center nonrandomized trial was carried out at
our institution from February 2005 to February 2006. Data were
collected on a total of 429 common femoral artery punctures
carried out during this period using either an antegrade or retro-
grade technique. Hemostasis was achieved by either manual
compression or Angio-Seal or Starclose arterial closure devices.
All arterial punctures were performed by specialist registrars and
consultant vascular radiologists. Manual compression was per-
formed by all grades. Arterial closure devices were inserted only
by radiologists who had undergone appropriate training in the use
of the device and were certified by the manufacturers of the de-
vices.

A record was made of the type of puncture (retrograde versus
antegrade), the procedure performed, the number of needle punc-
tures, sheath size, and choice of closure method and any reasons
directing this choice. Patient characteristics such as diabetes, renal
failure, visible femoral calcification, very thin or obese patients,
and the use of anticoagulation were also recorded. Difficulties or
complications in deployment, as well as complications after
deployment, the nature of these complications, and any treatment
that ensued were recorded. Inpatients were reviewed at 24 h. Day
cases were reviewed at 6 h or immediately prior to discharge and
given a contact telephone number in case of problems. Any com-
plications after this period were identified and fed back to us by the
patients directly or via the original referring clinicians. All patients
with successful device closure were mobilized after 2 h bed rest,
whereas those requiring manual compression were mobilized after
6 h bed rest.

Certain patients were excluded from the use of an arterial
closure device. These included procedures where anything less
than a 6F catheter or sheath had been used, as both closure devices
are 6F, puncture of a poor quality common femoral artery (caliber
less than 6 mm/heavily calcified), superficial femoral artery (SFA)
puncture or puncture adjacent to the femoral bifurcation, puncture
of a graft, imminent surgical arteriotomy or interventional proce-
dure at the site of puncture, previous surgery in the groin, and
preexisting hematoma. In all other cases, the type of closure device
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Table 1. Distribution of diagnostic and interventional cases and patient
demographics

Diagnostic Interventional ~ Male Female
Angio-Seal 36 (21.6 %) 131 (78.4%) 99 (59.3%) 68 (40.7%)
Starclose 27 (17.9%) 124 (82.1%) 78 (51.7%) 73 (48.3%)
Manual 31 (28.7%) 77 (11.3%) 57 (52.8%) 51 (47.2%)

selected depended on operator preference, as some had not been
trained in the use of the Starclose but became trained during the
course of the study.

Complications are classified according to the Society of Inter-
ventional Radiology (SIR) guidelines. Minor complications are
those that required no treatment. Major complications are defined
as those requiring treatment and further hospitalization, those
requiring an unplanned increase in level of care, those with per-
manent adverse sequelae, and those resulting in death [11, 12].
This study did not evaluate the departmental time saved by the use
of these devices, patient comfort, or cost-effectiveness. Statistical
analysis was performed using Fisher’s exact test and the y* test
with Yates analysis. A p-value of less than 0.05 was deemed to be
statistically significant.

Results

A total of 426 femoral arterial punctures were carried out
during the study period. One hundred sixty-seven Angio-
Seal (39.2%) and 151 Starclose (35.4%) devices were used
to achieve hemostasis. In 108 cases (25.4%), manual
compression was applied. The type of procedure carried out
(diagnostic or interventional) and the patient demographics
are summarized in Table 1.

The events in the two closure device groups were divided
into four categories on an intention-to-treat basis and those
in the manual compression group were divided into minor
and major complications. These are shown in Table 2.

Immediate deployment of the selected closure device
failed (group 1) with successful subsequent manual com-
pression in 10 Angio-Seal (5.9%) and 11 Starclose (7.3%)
devices, demonstrating no significant difference. In the
Angio-Seal group, the sheath could not be advanced over
the guidewire on six occasions. In two of these, the guide-
wire was recorded as being buckled. In a further four
patients, the reason for failure is not known. In the Starclose
group, one patient had oozing around the sheath prior to
deployment, which caused a hematoma and the device
sheath could not be passed. In four patients, the delivery
device could not be advanced and the device had to be
withdrawn undelivered. In one of these cases, it was later
recognized that the metal delivery system had been bent. In
six patients, the reason for failure is not known.

There was a significant difference (p < 0.005) between
the devices in group 2, where deployment was apparently
successfully but hemostasis was not achieved, with four
Angio-Seal (2.4%) versus 18 Starclose (11.8%) devices.
In all cases, manual compression was immediately applied
successfully with no complications. It is documented that
two patients from the Starclose group were confused,
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Table 2. Events in the three patient groups
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Angio-Seal Starclose Manual p-Value
Group 1: Deployment failure 10 (5.9%) 11 (7.3%) NS
Group 2: Deployed but hemostasis not achieved;.successful manual compression 4 (2.4%) 18 (11.9%) <0.0001
Group 3: Minor complications 7 (4.2%) 8 (5.3%) 4 (3.7%) NS
Group 4: Major complications 5 (2.9%) 3 (1.9%) 4 (3.7%) NS
NS = nonsignificant.
Table 3. Characteristics of the patients in the Starclose group not achieving hemostasis immediately
Sheath size Puncture Sex
6F 7F Antegrade Retrograde M F Heavy calcification Very thin Obese
17 1 5 13 8 10 3 5 2
uncooperative, and would not lie still, and in one case, a 7F
sheath had been used. The majority of these cases were also ;

l‘l-.“:_r‘

recorded in the beginning of the study. The characteristics of
the 18 Starclose patients are shown in Table 3. From these
data, a significant number of very thin patients failed to
achieve hemostasis (p = 0.014). None of the other charac-
teristics achieved statistical significance.

Minor complications (group 3) were seen in seven
patients in the Angio-Seal (4.2%) group, eight in the Star-
close (5.3%) group, and four in the manual compression
(3.7%) group. These comprised small, tender hematomata
requiring no intervention. One patient in the Angio-Seal
group complained of pain in the right iliac fossa, but no
underlying cause for this was found. In the manual com-
pression group, there were two small pseudoaneurysms that
required no treatment and discharge was not delayed.

Major complications (group 4) occurred in five patients
(2.9%) in the Angio-Seal group, three patients (1.9%) in the
Starclose group, and four patients (3.7%) in the manual
compression group. This was not statistically significant
(p = 0.72). In the Angio-Seal group, one patient developed a
pseudoaneurysm requiring thrombin injection, which
delayed discharge by 48 h. One patient developed an
asymptomatic common femoral artery occlusion on the side
of the Angio-Seal that was discovered the following week
when intervention was carried out to treat the contralateral
side. The initial angiogram showed narrowing at this site. At
the time of the repeat angiogram, this had progressed to a
complete occlusion. No treatment was carried out, as the
patient was asymptomatic and there was established col-
lateral formation. The third developed a common femoral
vein thrombosis on the side of the Angio-Seal deployment
and presented a week later with an edematous leg. The
diagnosis was confirmed on ultrasound and anticoagulation
was required. A fourth patient developed a massive retro-
peritoneal hematoma that was demonstrated on computed
tomography (CT). This required surgical evacuation but no
repair of the puncture site, as bleeding had ceased. The fifth
patient in this group attended for treatment of a stenosis
detected on duplex graft surveillance 10 weeks following

Fig. 1. Initial antegrade angiogram from left common
femoral artery puncture. Femoral head as shown. No ste-
nosis or dissection seen.

angioplasty of a stenosis in a distal femoral vein graft.
A filling defect was identified on the angiogram performed
by a contralateral femoral puncture. This was presumed to
be due to the Angio-Seal anchor and was balloon dilated
satisfactorily with no significant residual stenosis on duplex
follow-up. (Figs. 1 and 2).

In the Starclose group, one patient developed a pseud-
oaneurysm that required thrombin injection. One patient
developed a large hematoma requiring blood transfusion,
surgical evacuation, and ICU admission. The patient
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Fig. 2. Retrograde angiogram from contralateral side 3
months later showing a stenosis at the left common femoral
artery (arrow) at the site of Angio-Seal deployment.

subsequently made a good recovery. The third patient had a
diagnostic renal transplant angiogram with an apparently
uneventful post procedural period and returned to the
referring hospital. Two days later, he developed an ischemic
lower limb on the side of the Starclose deployment. Mag-
netic resonance angiography (MRA) demonstrated an
external iliac artery occlusion. (Figs. 3 and 4). The patient
required a femoro-femoral crossover graft and made a good
subsequent recovery.

In the manual compression group, one patient developed
a large hematoma that delayed discharge by 3 days, two
patients developed pseudoaneurysms requiring thrombin
injection, and one patient with a large groin hematoma died
the next day from an unrelated upper gastrointestinal hem-
orrhage. The patient characteristics of all of those devel-
oping minor and major complications were analyzed and
none of these were shown to be statistically significant.
These figures are shown in Table 4. However, a significant
number of female patients were found to develop major
complications and this is shown in Table 5.

Discussion

Manual compression has long been the principal method for
achieving arterial puncture-site hemostasis [13]. A variety
of arterial closure devices have been introduced with the
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Fig. 3. Diagnostic angiogram from right common femoral
puncture showing renal transplant with no stenosis or
dissection in the external iliac artery.

aim of reducing time to hemostasis, time to ambulation,
patient discomfort, and improving patient throughput.
Reducing time to ambulation and therefore discharge has
become increasingly important with rising pressure to per-
form procedures on an outpatient basis. In addition, the use
of closure devices can be helpful in the hypertensive and
anticoagulated patient and those who are unable to lie flat
for prolonged periods of time [14]. There are a range of
arterial closure devices that achieve hemostasis based on
three primary mechanisms: using collagen plugs (Angio-
Seal, Vasoseal, Duett), suture-based devices (Perclose), and
clips (Starclose) or staples (Vascular Closure System). It is
incumbent on those using such devices to ensure that they
are at least as safe as manual compression with regard to
puncture-site complications and that there is no long-term
disadvantage to their use.

The reported incidence of arterial puncture-site minor
and major complications following manual compression
range from 1.5% to 9 % [15, 16]. The standards of the Royal
College of Radiologists (RCR) of the United Kingdom
recommend that for interventional procedures, major com-
plications should not exceed 4.0% for puncture-site hema-
toma and 0.5% for puncture-site occlusion [17]. In series
using large sheath sizes (up to 11F), multiple antiplatelet
agents with heparin, and stent placement, the complication
rates ranged from 5.9% to 17% [18]. Predictors of puncture-
site complications include advanced age, female gender,
renal failure, lower-extremity vascular disease, shock,
longer time to sheath removal, intervention within 24 h of
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Fig. 4. MRA 3 days later demonstrating right external iliac
artery occlusion, the extent of which is shown by the arrows.

Table 4. Proportion of patients (in %) with defined characteristics in each
group developing minor or major complications

Angio-Seal ~ Starclose =~ Manual p-Value
Diabetes 2/29 (6.9) 1/14 (7.1) ~ 0/19 (0) NS
Renal failure 0/18 (0) 1/13 (7.7)  0/11 (0) NS
Marked calcification ~ 4/39 (10.3)  2/25 (8) 3/40 (7.5) NS
Very thin 1/7 (14.3)  3/14 (2.1) 1/9 (11.1) NS
Obese 1/18 (5.6) 0/18 (0) 0/10 (0) NS
Female 8/68 (11.8)  5/73 (6.8)  5/51 (9.8) NS
Male 4/99 (4) 6/78 (1.7)  3/57 (5.3) NS

NS = nonsignificant.

thrombolytic therapy, stent implantation, higher heparin
doses, and concomitant placement of venous sheaths
[19, 20]. It should be noted, however, that most of the
published data on complication rates are from the field of
cardiology with associated use of antiplatelet and throm-
bolytic therapy during procedures. A variety of clinical trials
and observational studies show conflicting results, with
some showing superiority, inferiority, and no difference
when vascular closure devices are compared with manual
compression [21]. In spite of the escalating use of these
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Table 5. Distribution of patients developing major complications only

Female Male p-Value
Angio-Seal 5/68 0/99
Starclose 1/73 2/78
Manual 3/51 1/57
Total 9/192 (4.7%) 3/234 (1.3%) 0.0415

devices in the treatment of peripheral vascular disease, there
is a relative paucity of data in the radiology literature.

Angio-Seal has been on the market since the early 1990s
and its use and complication rates are well documented. The
advantages of Angio-Seal include the ease and speed of
deployment and achieving hemostasis with a low compli-
cation rate [22]. The disadvantage is the presence of the
intravascular suture and anchor, which can act as a nidus for
platelet aggregation, the possibility of intravascular
deployment of the collagen plug causing femoral artery
occlusion, and the risk of distal embolization of the anchor.
Common femoral artery occlusion secondary to the use of
Angio-Seal has been reported [5, 23, 24]. In one study, 5 out
of 742 (0.7%) patients receiving Angio-Seals developed
acute femoral artery occlusion requiring urgent vascular
surgery [25]. The potential for distal embolization of the
anchor emphasizes the need to ensure that vascular surgeons
are aware of the presence of the anchor in patients under-
going subsequent surgical procedures so that the retaining
suture is not cut [26]. Failure of the Angio-Seal anchor to
resorb with an associated vigorous foreign body reaction
resulting in delayed occlusion 3 months after deployment
has also been reported [27]. The published occlusion or
embolization rates for the Angio-Seal device (0-1.4%) were
similar to the Vasoseal (0-1.6%) device, which is another
closure device employing a collagen plug [18].

The Starclose device is a relative newcomer on the scene.
It was the introduction of this device that stimulated this
study, as we wished to determine whether there were dif-
ferences that might affect our practice. In the two published
studies of Starclose to date, no major complications have
been reported [9, 10]. The main advantage of the Starclose
device is that it is entirely extraluminal. The nitinol clip
remains extra-arterial and the endothelium is not exposed to
foreign material. Although the clip remains in the patient
permanently, Nitinol is a highly biocompatible alloy and not
expected to cause any adverse sequelae. This is supported
by extensive data and experience accumulated over many
years with staples, stents, and clips [28].

Our results show a low rate of deployment failure with no
significant difference between the two devices. However,
failure to achieve hemostasis using the device alone
occurred significantly more with the Starclose than the
Angio-Seal (11.8% versus 2.4%). This might in part be due
to a learning curve, as most of these events were observed in
the initial period of data collection and this occurred less
frequently as operator confidence increased. In training
departments, this element of a learning curve is inevitable.
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Further analysis of this subgroup demonstrated a significant
number of very thin patients. Moderate tract ooze requiring
additional compression has been reported with this device in
40% of patients [10]. In all of these patients, the arteriotomy
sites had been sealed and the ooze resulted from the
surrounding capillaries and arterioles adjacent to the arte-
riotomy.

From a safety point of view, the most important group is
those developing major complications. This study shows no
significant difference in the major complication rates among
the three groups, which range from 1.9% for Starclose, 2.9%
for Angio-Seal to 3.7% for manual compression. Our major
complication rate of 2.9% for Angio-Seal is comparable to
the reported rates in the literature, which ranges from 0% to
3.6% [29-34]. The major complication rates for all three
groups fall within the RCR guidelines. There was no
significant difference in the documented patient character-
istics in those developing complications between the two
closure devices. All five major complications in the Angio-
Seal group were in female patients. In the Starclose group,
two were male and one female. In the manual compression
group, there were three female patients and one male
patient. Overall, there is a significantly higher incidence of
major complications in all groups combined in female
(4.7%) versus male patients (1.3%) (p = 0.0415). The
increased risk of severe access complications in female
patients following the use of collagen-based vascular clo-
sure devices has been reported [35].

The most surprising complication in the Starclose group
is the patient who developed arterial occlusion after
deployment, as the extraluminal nature of this device should
preclude such a complication. Review of the arteriograms
showed no abnormality of the artery at the puncture site and
no arterial dissection. The implication is that the Nitinol clip
must have caused luminal narrowing leading to thrombosis.

Overall, we noted a significant increased risk of major
puncture-site complications in women with peripheral
vascular disease. Analysis of our data suggests that very thin
patients are more likely to have failed haemostasis with the
Starclose device, although this did not translate into an in-
creased complication rate. This study demonstrates that the
Angio-Seal and Starclose devices are safe for introduction
into peripheral vascular practice, allowing rapid mobiliza-
tion without an increase in the major puncture-site compli-
cation rate.
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