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The aim of this study was to assess costs and safety of immediate femoral sheath
removal and closure with a suture-mediated closure device (Perclose, Menlo Park, CA) in
patients undergoing elective (PCI). A total of 193 patients was prospectively randomized
to immediate arterial sheath removal and access site closure with a suture-mediated
closure device (SMC; n � 96) or sheath removal 4 hr after PCI followed by manual
compression (MC; n � 97). In the SMC group, patients were ambulated 4 hr after elective
PCI if hemostasis was achieved. In the MC group, patients were ambulated the day after
the procedure. In addition to safety, total direct costs including physician and nursing
time, infrastructure, and the device were assessed in both groups. Total direct costs
were significantly (all P < 0.001) lower in the SMC group. Successful hemostasis without
major complication was achieved in all patients. The time to achieve hemostasis was
significantly shorter in the SMC group (7.1 � 3.4 vs. 22.9 � 14.0 min; P < 0.01) and 85%
of SMC patients were ambulated on the day of intervention. Suture-mediated closure
allows a reduction in hospitalization time, leading to significant cost savings due to
decreased personnel and infrastructural demands. In addition, the use of SMC is safe and
convenient to the patients. Cathet Cardiovasc Intervent 2002;57:297–302.
© 2002 Wiley-Liss, Inc.
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INTRODUCTION

The femoral artery is the access site most frequently
used to perform catheter-based vascular interventions.
Management of the femoral arterial puncture site relies
mainly on manual compression, which is associated with
prolonged bed rest and significant patient discomfort.
Moreover, up to 10% of patients complain of significant
local complications such as hematoma and false aneu-
rysms leading in 1%–2% to vascular surgical interven-
tion or transfusion [1–3]. The complication rate may
depend on the operator‘s experience, type of interven-
tion, and duration of manual compression [4]. Therefore,
new methods to achieve hemostasis have been devel-
oped. One of these uses collagen to manage access site
closure, i.e., VasoSeal (Datascope, Montvale, NJ [5–7]),
Angioseal (Sherwood Medical, Bothell, WA [8–10]),
and Duett (Vascular Solution, Minneapolis, MN [9,11]).
Alternatively, a percutaneous suturing device (Techstar,
Perclose, Redwood City, CA) allows surgical closure of
the femoral artery with little trauma to the overlaying
tissue [12,13]. Suture-based closure has been shown to
be safe and effective to achieve immediate hemostasis

and early ambulation without increasing the risk of
bleeding complications [14,15]. However, the impact of
this new device on costs for the health care system and
the patient’s preference have not been evaluated.

MATERIALS AND METHODS

We performed a single-center, multiple-operator, pro-
spective study in 193 patients undergoing elective per-
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cutaneous coronary intervention (PCI) using a 6 or 7 Fr
femoral access. At the end of the PCI, patients were
randomized to undergo either suture-mediated closure
(SMC; group A, n � 96) or conventional compression
therapy (group B, n � 97). The hospital ethics committee
had reviewed and approved the study protocol. All pa-
tients gave written informed consent prior to participa-
tion in the study.

Adjusted to the size of the procedural sheath, we used
6 and 7 Fr devices (Techstar XL, Perclose, Redwood
City, CA). The SMC device operates as a monorail
system and is designed to close femoral artery access
sites from 6 to 10 Fr in size regardless of anticoagulation
levels, as previously described in detail [13]. In brief, an
arterial back bleeding through a marker lumen indicates
appropriate device positioning. Maintaining this position,
two needles attached to a suture loop are percutaneously
deployed through the vessel wall around the arteriotomy
and into the barrel of the instrument by pulling on the
device handle. Tissue approximation by delivering the
tied suture with a special knot pusher directly on top of
the vessel wall through the subcutaneous tissue estab-
lishes immediate hemostasis. Ambulation is possible
within 2 to 4 hr.

For patients assigned to SMC, the procedure was per-
formed immediately after the end of the PCI. Four oper-
ators trained in SMC (each operator had performed at
least 50 SMC procedures prior to initiation of the present
study) performed all the procedures. If ongoing bleeding
was present at the puncture site after SMC, manual or
mechanical compression was allowed. If no bleeding was
present, a light bandage was applied. Patients were al-
lowed to ambulate 4 hr later, provided there was no
bleeding at the femoral access site. In patients assigned to
conventional manual compression (MC), the femoral
sheath was removed 4 hr after the PCI and manual
compression was used to achieve hemostasis followed by
additional local compression for 6 hr. MC patients were
ambulated the following morning.

Patients were examined clinically and by Doppler ul-
trasound [15]. Additionally, the patients’ discomfort was
evaluated before discharge. A visual analogue scale,
graded from 0 (best) to 10 (worst), was used to measure
local pain due to the suture-based intervention, sheath
removal, local compression, back pain, problems with
urination, and groin pain during follow-up of 3 months.
Additionally, a survey was conducted on patients’ pref-
erence if they had had an earlier experience of a tech-
nique other than the one to which they were randomized.

Safety assessment included the occurrence of major
(need for surgical intervention, local infection, need of
blood transfusion) and minor complications (pseudoan-
eurysm, local hematoma � 1 ml assessed by ultrasound).
Assessment of efficacy included time to hemostasis, time

to ambulation, and time to hospital discharge. Time to
hemostasis was measured from pulling out the femoral
sheath until the bandage was applied after achieved he-
mostasis.

The cost analysis was restricted to costs related to the
post-PTCA management (cost-minimization study). To-
tal direct costs were calculated (costs of the SMC device,
infrastructure and personnel costs) from the perspective
of the institution for the year 2000. Costs of the cathe-
terization room, costs of hospitalization, and personnel
costs were derived form a special analysis of the account-
ing department of the University Hospital Zürich (data
not shown). Costs are given in Euro (exchange rate: 1
Euro � 1.477 sFr [October 2000] � $0.878 USD [De-
cember 2001]; Table I).

Statistical Analysis

Data are expressed as frequency and mean � standard
deviation, respectively. Comparison between SMC and
MC were analyzed by student’s t-test, Mann-Whitney
U-test, or Fisher’s exact test as appropriate. Interactions
between PCI and the two groups were tests using multi-
variate ANOVA for repeated measures. All calculations
were performed using a commercially available statisti-
cal program (SPSS 9.0).

RESULTS

Baseline characteristics are given in Table II. Al-
though there were no significant demographic differ-
ences between the two groups, patients in the SMC group
had slightly but significantly lower hemogloblin levels
before PCI. In the SMC group, a higher percentage of
larger sheaths were used.

Efficacy and safety results of the study group are
shown in Table III. Successful hemostasis without major
complications was achieved in all patients in both
groups. The mean decrease in hemoglobin was relatively
small and similar in both groups (0.63 � 0.98 g/dl in the
SMC group vs. 0.56 � 0.94 g/dl in the MC group; P �
0.61). There was also no difference between the two
groups regarding minor complications. Both pseudoan-
eurysms observed were small and successfully treated
with local compression. The use of the SMC device was
associated with a significant reduction in time to achieve

TABLE I. Cost Elements

€ $

Catheterization laboratory per hour 348.2 305.7
Extra inpatient day 627.3 550.8
Perclose 6/7 Fr 225.4 197.9
Physician costs per hour 91.7 80.5
Nurse costs per hour 41.3 36.3
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hemostasis (7.1 � 3.4 vs. 22.9 � 14.0 min; P � 0.001)
and time to ambulation (6.8 � 5.0 vs. 18.4 � 2.1 hr; P �
0.001). Eighty-three patients (85%) treated with SMC
were successfully ambulated on the day of PCI. In the
remaining 13 patients, there was continuous subcutane-
ous blood oozing, requiring a light compressive femoral
bandage until the following morning. These patients, and
the patients randomized to manual compression, could be
ambulated successfully the day after PCI.

Patient discomfort immediately after PCI was signifi-
cantly less in the SMC group (Table IV). However, groin
pain during 3-month follow-up was worse in this group.
No significant difference could be observed in groin pain
during in-hospital follow-up (3.4 � 1.7 vs. 3.0 � 1.0;
P � NS). Thirty-five of 46 (76%) of the patients who
experienced both techniques (SMC with earlier MC and
vice versa) would prefer SMC as a future closure tech-
nique, whereas only 8 of 46 (17%) would prefer MC
(P � 0.001).

As depicted in Figure 1, total post-PCI costs were
reduced in the SMC group as compared to the MC group

by 13% � 3% (SMC 469 � 145 vs. MC 539 � 57 Euro;
P � 0.001). The additional costs for the Perclose device
(225 Euro) were exceeded by savings of ward costs due
an earlier discharge (SMC 178 � 132 vs. MC 481 � 55
Euro; P � 0.001). Other advantages were observed re-
garding time spent by the cardiologist (SMC 13.8 � 5.4
vs. MC 32.9 � 13.9 min; P � 0.001) and the caring
nurses (SMC 6.9 � 3.5 vs. MC 11.5 � 7.0 min; P �
0.001), resulting in reductions of personnel costs (cardi-
ologist: SMC 21 � 8 vs. MC 50 � 21 Euro; P � 0.001;
nurse: SMC 5 � 2 vs. MC 8 � 5 Euro; P � 0.001).

DISCUSSION

To the best of our knowledge, this is the first prospec-
tive, randomized study investigating the cost impact of a
suture-based closure of the femoral arterial access for
PCI in comparison to conventional MC. It shows that
despite the additional costs of the device, SMC reduced
total costs significantly, mainly due to earlier discharge.
Additionally, the device was time-saving for the inter-
ventional cardiologist and the nursing staff. In addition,
our study confirms previous reports of the safety and
efficacy of the device [14,15]. Finally, we found incon-
venience for the patients to be reduced and the majority
of the patients having experience with both methods
would prefer SMC for future interventions.

Conventional post-PCI care of the femoral artery ac-
cess site using manual compression can be clinically
performed safely and effectively, but involves delayed
sheath removal and bed rest usually until the day after the
intervention. Suture-based closure has been shown to
achieve immediate hemostasis and early ambulation. As
the costs of medical care continue to rise, there is in-
creasing interest in evaluating the costs of medical prac-
tices. One area that has received particular scrutiny in
recent years is percutaneous coronary revascularization.
In the United States alone, more than 300,000 percuta-
neous coronary revascularization procedures are per-
formed each year. However, it is important to have equal
clinical outcome to evaluate the cost minimization of
these procedures. Shortening the time to hemostasis and

TABLE II. Baseline Characteristics

SMC (n � 96) MC (n � 97) P

Men 71 (74%) 81 (84%) 0.12
Age (years) 62 � 11 59 � 10 0.07
Body mass index (kg/m2) 26.7 � 4.0 27.3 � 4.0 0.26
Stent implanted at

intervention 73 (76%) 62 (64%) 0.08
Heparin (IU) 15,359 � 3,837 15,448 � 3,586 0.87
Hemoglobin before PCI

(g/dl) 13.2 � 1.4 13.9 � 1.2 0.001
Aspirin before PCI 92 (96%) 96 (99%) 0.21
Ticlopidin before PCI 10 (10%) 4 (4%) 0.10
Aspirin after PCI 96 (100%) 96 (99%) 1
Ticlopidin after PCI 74 (77%) 65 (67%) 0.15
Coumadin after PCI 3 (3%) 6 (6%) 0.50
Multiple femoral punctures 7 (7%) 4 (4%) 0.57
Sheath size (6/7 Fr) 39/57 54/43 0.05
ACT after PCI (sec) 286 � 92 275 � 62 0.36
Duration of PCI (min) 86 � 41 85 � 37 0.77

TABLE III. Efficacy and Safety Results

SMC
(n � 96)

MC
(n � 97) P

Time to achieve hemostasis
(min) 7.1 � 3.4 22.9 � 14.0 � 0.001

Time between PCI and
ambulation (hr) 6.8 � 5.0 18.4 � 2.1 � 0.001

Decrease in hemoglobin (g/dl) 0.63 � 0.98 0.56 � 0.94 0.61
Decrease in hemoglobin

� 2g/dl 8 (8%) 6 (6%) 0.55
Hematoma assessed by

ultrasound 7 (7%) 5 (5%) 0.57
Pseudoaneurysm assessed by

ultrasound 1 (1%) 1 (1%)
Major complication 0 0

TABLE IV. Patient Discomfort*

SMC MC P

Pain due to SMC, sheath removal,
compression (0–10) 1.7 � 2.2 2.9 � 2.7 � 0.001

Back pain (0–10) 2.8 � 2.7 4.5 � 2.9 � 0.001
Urinal problems (0–10) 1.2 � 1.8 1.8 � 2.4 0.05
Groin pain during follow-up

(0–10) 3.0 � 2.0 2.0 � 2.2 � 0.001

*Cost for additional drugs such as sleeping pills, pain killers, and local
anesthetics were minimal and did not differ between the two groups.
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ambulation represents a net benefit if the complication
rate is not increased [16].

Clinical effectiveness and safety of suture-based clo-
sure have been evaluated in several clinical studies and
are well documented [14,15]. Our study confirms these
findings by observing only a few minor complications
not affecting the patients’ wellbeing significantly. No
major complications occurred in either group. Even
sonographic surveillance of the access site before ambu-
lation and the day after intervention showed a small
hematoma in only 7% of the patients, not requiring
further intervention. The decrease in hemoglobin concen-
tration was minimal in most patients and rarely exceeded
2 g/dl in either group. Only in one patient in each group
was a pseudoaneurysm found, which could be easily
treated by local compression without relapse.

The major advantage of SMC is the immediate access
closure, thus obviating the need for postprocedural hos-
pitalization. Our study demonstrates that the use of SMC
in patients undergoing elective PCI substantially reduces
postprocedural length of hospital stay in comparison with
MC, which may substantially reduce the procedural
costs. Thus, average nonprocedural hospital costs have
been estimated to be reduced from $900 for transfemoral
stenting to $300 per patient with outpatient transradial
stenting [15,17]. The economic benefit of outpatient elec-
tive coronary revascularization may depend crucially on
the socioeconomic perspectives, including the insurance
system of each country. Therefore, we calculated the
direct institutional costs for manual compression and the
suture-based closure, showing cost savings for the insti-

tution with the use of suture-based closure. The full
economic benefit, however, may be substantially larger.

Another important aspect of evaluating a new device is
the potential impact on the patients’ comfort. Apart from
pain in the groin during follow-up, patient discomfort
was reduced by SMC compared to MC. Accordingly, the
majority of patients having experienced both methods
would prefer SMC during a future intervention. This is in
line with a recent report of a retrospective analysis of
patient satisfaction with the suturing procedure [18].
They found a statistically significant patients’ preference
for SMC.

SMC is not the only technique using a device for
hemostasis after PCI. Two other percutaneous hemostatic
devices for femoral artery closure are available, using
collagen plug closure (VasoSeal) or collagen sealing
closure with an intra-arterial anchor (Angioseal). These
devices have been reported to be safe and effective for
closure of the access site in anticoagulated patients [19].
A comparison of a collagen plug closure device (Vaso-
Seal) and an SMC device (Perclose) vs. assisted manual
compression (Femostop) in PCI requiring abciximab re-
vealed no differences between the different techniques
with respect to safety and efficacy [20]. In a pilot study,
a cohort of 50 patients was recruited to assess the feasi-
bility of outpatient stenting with vascular sealing. Al-
though there was no control group, the procedure was
found to be safe. In addition, the cost savings using the 6
and 8 Fr devices were estimated to be between $400 and
$500 [21]. Together with our results, this may be inter-
preted that various closure devices may lead to signifi-

Fig. 1. Total costs including costs of the interventional physician, nurse, catheter laboratory,
and the device in patients with manual compression and suture-mediated closure of the femoral
arterial access for elective percutaneous coronary interventions in Switzerland.
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cant cost savings as compared to conventional manual
compression. However, a direct comparison with our
study is not possible because of the lack of a control
group [21]. As far as we are aware of, there are no reports
about a direct comparison of the collagen-based closure
devices and manual compression with respect to patients’
preference and costs.

Study Limitations

In order to investigate safety and efficacy of the de-
vice, including clinical examination and ultrasound,
SMC patients were not discharged from hospital as part
of this study. However, patients were ambulated and not
restricted in their movements. Thus, based on previous
studies [15], immediate discharge from hospital is safe
without further control.

Our cost analysis is derived from Swiss treatment
patterns and Swiss cost structures. National cost studies
are difficult to transfer to other countries with different
health care systems. Therefore, we recalculated the po-
tential cost savings for other countries to evaluate the
transferability of our results. Thus, we used published
cost elements from Germany [22] and the United States
[17,23]. The assumed costs for the personnel and the use
of the infrastructure varied considerably between these
reports. Furthermore, the cost of the device varies be-
tween the three countries. Despite these differences of
national cost elements, our results remained stable,
showing significant cost savings of the SMC in compar-
ison to the MC. Thus, the cost savings were slightly
larger using the published cost elements form Germany
(i.e., $85 USD � 97 Euro, representing 15% of the costs)
[22], but exceeded the costs of our conservative calcula-
tion model significantly (i.e., $411 USD � 468 Euro,
representing 40% of the costs) using published data from
the United States [17,23]. Therefore, it is very likely that
our finding of the cost saving by the suture closure device
is transferable to most first-world countries, where hos-
pitalization is one of the main contributors to the total
costs.

Suture-mediated closure of the femoral arterial access
site for PCI compared with manual compression is cost-
saving and safe. Furthermore, the use of a suture-medi-
ated closure device results in a statistically significant
decrease in patient discomfort and is the technique pre-
ferred by most patients. Thus, suture-mediated closure
devices may be used routinely in patients having femoral
access for elective PCI.
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