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Abstract

Aims: The vascular closure device (VCD) Angio-Seal is an easy-to-use system for the closure of arterial
puncture sites after percutaneous coronary intervention (PCI), and allows for early mobilisation of the patient.
However, little data are available about exercising early after the use of VCD’s in PCI patients.

Methods and results: A total of 230 consecutive patients were screened. Of these, 45 (20%) were excluded
due to the inability to perform exercise testing, or anatomical conditions which prevented the insertion of
a VCD. The 185 remaining patients (139 male, mean age 68+12 years) received Angio-Seal after PCI. After
four hours, 30 patients (16%) showed a small local haematoma, 11 patients (6%) complained about minor
—and one patient (0.5%) about strong— groin pain. There were no major bleeding complications, six pseudo-
aneurysmata, and one arterio-venous fistula. Overall, nine patients (6%) showed moderate to severe groin
problems. Patients without major complications underwent bicycle cardiopulmonary exercise testing the
subsequent day. Exercise testing was performed up to 13660 W in 176 patients (94%). Maximum workload
was 104£33 W, peak oxygen consumption 17.6+5.1 ml/min/kg, and oxygen consumption at the anaerobic
threshold 15.4+4.2 ml/min/kg. After exercise testing there were no cardiovascular complications noted.

Conclusions: In patients receiving VCD after PCI, exercise testing above the anaerobic threshold was fea-
sible after Angio-Seal deployment in those patients with no complications after the use of the device.
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Introduction

In patients undergoing percutaneous coronary interventions (PCI),
there is a rate of vascular complications of 0.8% to 5.5%'. While
femoral sheaths sizes have been reduced, arterial compression and
long-term dressing after PCI still bear tremendous discomfort as
well as groin pain for patients. Furthermore, manual compression
of the puncture site should be performed until activated clotting
time is below 180 seconds®. Therefore, vascular closure devices
(VCD) were developed to reduce access site bleedings, to improve
patients’ comfort and to accelerate ambulation after PCI. Different
closure techniques are applied: The passive and delayed closure
method support manual compression with assistance or enhance-
ment (patches), whereas active systems are either collagen based
with or without anchor and suture, suture based, or staple/clip medi-
ated systems®.

However, there was a non-significant reduction in complications
with VCD as compared with manual compression for patients under-
going PCI*. Despite higher complications rates in earlier VCD studies®,
current data suggest similar complication rates or better outcomes after
the use of VCD’s as compared to manual compression®”.

The haemostatic puncture closure device Angio-Seal (St. Jude
Medical, St. Paul, MN, USA) is a quick and easy-to-use system. The
impact on access site complications after the use of VCD following
early exercise testing remains unclear so far. Therefore, the aim of
this study was to evaluate the safety and reliability of VCD Angio-
Seal during exercise testing early after patients received PCIL.

Methods

Consecutive patients with stable angina pectoris or non-ST-eleva-
tion acute myocardial infarction (non-STEMI), or non-primary PCI
of a ST-elevation myocardial infarction (STEMI), were included in
the study after giving written informed consent. All patients were
hospitalised.

Patients with common contraindications for Angio-Seal device
deployment including severe calcifications of the vessel site, severe
peripheral artery disease, puncture in the origin of the femoral pro-
funda artery and marked obesity were excluded from the study?.
Clinical exclusion criteria were an emergency intervention, and
patients on continuous medication with oral anticoagulants.

All patients were loaded with clopidogrel 300 mg, followed by
a maintenance dose of 75 mg prior to the intervention.

After insertion of a 6 or 8 Fr sheath, unfractionated heparin was
given until an activated clotting time-level (ACT) of 250 s was
achieved. Then, patients received PCI according to standard proto-
cols®. After this procedure, an angiography of the accessed femoral
artery was performed to rule out major risk factors for retroperito-
neal haemorrhage, relevant peripheral stenoses of the common or
the superficial femoral artery, or if the puncture site was located in
the bifurcation of the profundal femoral artery®. In addition, this
method identified patients with non-femoral artery sheath insertion
for which the VCD utilisation was not proven'’. Patients with strong
tortuosity and/or calcification of the femoral arteries were excluded
from the study.
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Figure 1. Study algorithm. Study algorithm for patients receiving
vascular closure with Angio-Seal after PCI. (CPX: cardiopulmonary
exercise testing). As major complications were defined: vascular
surgery, false aneurysm, AV-fistula, strong pain (Borg >5),
haematoma =5 ¢cm, major bleeding; minor complications were minor
pain (Borg <5), haematoma <5 cm, new wound dressing. Further
explanations are given in the text.

Angio-Seal was implanted when ACT was <300 s after the end of
the coronary procedure. In patients with more of this cut-off, prota-
mine was used.

The Angio-Seal system is a collagen-anchor-suture mediated
device, which is now available in the third generation. The place-
ment of the Angio-Seal System was performed using the manufac-
turer’s recommended technique.

After insertion of the VCD, a circular groin dressing was applied
and patients were immobilised for four hours. After this, the arterial
puncture site was examined, and auscultation was performed. If
there were no relevant complications, ambulation was initiated.
Anticoagulation, either with unfractionated heparin or low molecu-
lar weight heparin, was restarted six hours after resolvement of the
dressing. On the subsequent day, ultrasound and Doppler spectral
analysis of the puncture site was performed in all patients.

Complications were assessed as being major or minor. Major
complications were defined as need for vascular surgery, false
aneurysm, AV-fistula, strong pain (Borg >5), haematoma >5 cm and
major bleeding, whereas minor pain, haematoma <5 cm and new
wound dressing were classified as minor complications.

Bleeding was identified as bleeding according to the TIMI crite-
ria'?. TIMI major bleeding was defined as haemoglobin drop >5 g/dl
(with or without an identified site), TIMI “loss no site” as a haemo-
globin drop >4 g/dl but <5 g/dl without an identified bleeding site,
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and TIMI minor bleeding as a haemoglobin drop >3 g/dl but <5 g/dl
with bleeding from a known site or spontaneous gross haematuria.

Pain was categorised according to the Borg scale, with minor
pain defined as Borg <5 and major pain as Borg >5'.

Patients with no relevant complications as assessed by physical
exam and ultrasound underwent bicycle cardiopulmonary exercise
testing one day after the intervention (19.7+3.9 h [11-28 h]). This
was performed in an upright body position using a ramp protocol
with an unload of two minutes, followed by an increase of 25 W/
min, at least until the anaerobic threshold was reached in order to
avoid further complications''. Results from exercise testing were
used in order to determine the individual pulse rate to optimise fur-
ther exercising. The access site was inspected during and immedi-
ately after exercise stress testing.

Demographic and procedural data were prospectively collected
using a standardised procedural data sheet. This included date and
type of intervention, sheath size, procedure-related drug doses and
number of previous interventions. Major or minor complications, as
well as the time of events were recorded. Patients who underwent
exercise testing were divided into two groups: patients without and

patients with minor groin complications.

Statistical analysis
Statistical analyses were performed with SPSS version 16.0 (SPSS
Inc., Chicago, IL, USA). Continuous data are expressed as mean
values +standard deviation.

For comparisons between paired data the students z-test was
used. A p-value <0.05 was regarded as statistically significant.

Results

PATIENT AND ANGIOGRAPHIC CHARACTERISTICS

A total of 230 consecutive patients were screened. Of these 20
were excluded due to the inability of performing exercise testing
and five due to a pre-existing diagnosis of peripheral vascular dis-
ease. After performing angiography, another 20 subjects were
excluded due to anatomical conditions which prevented the inser-
tion of a VCD (in five patients due to insertion of the sheath in the
origins of the profundal femoral artery, nine patients due to severe
calcifications and six patients due to severe tortuosity). Of the
remaining 185 subjects, 161 (87%) had stable angina pectoris
(CCS class 2.1+£0.9) and 24 patients (13%) acute myocardial
infarction (AMI) as per definition. Acute myocardial infarction
was defined as any pathological elevation of troponin-I. All these
24 patients had marginal elevations of troponin I and were eligible
for exercise testing. There was no patient with ST-elevation myo-
cardial infarction (Tabhle 1). All patients were on continuous ASA
and clopidogrel medication.

Of all patients, 52 subjects (28%) presented with a single vessel
disease, 66 patients (36%) had a double vessel and 66 (36%)
patients a triple vessel disease. In one patient, stent implantation of
the internal carotid artery (ICA) was performed. In all patients with
PCI a 6 Fr sheath was used; in the patient who received stenting of
the ICA an 8 Fr sheath was inserted.
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Table 1. Patient demographics and clinical characteristics.
139 (75%) / 46 (25%)

Gender male / female

Age (years) 68+12
BMI (kg/m?) 26.83+5.32
SBP (mmHg) 13422
DBP (mmHg) 82+19
Heart rate (beats/ minute) 83+24
Ejection fraction (%) 60+14

NYHA-classification 1.7+0.8

CCS-classification

Myocardial infarction

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic
blood pressure; NYHA: New York Heart Association

Patients underwent PCI of one of the following arteries: the main
stem of the left coronary artery (n=6, 3%), the left circumflex artery
(n=53, 29%), the left anterior descending artery (n=84, 45%), the
right coronary artery (n=41, 22%) and ICA (n=1). Fifteen patients
(8%) received angioplasty alone, stents were implanted in 170
patients (92%). In 90 of them (49%), a drug-eluting stent, either
Cypher (n=80; Cordis, Warren, NJ, USA) or Taxus (n=10; Boston
Scientific, Natick, MA, USA) were implanted. There were no acute
major complications during PCI. After administration of 5,000 [U
of unfractionated heparin, ACT was >200 s in 119 patients (64%)
and >300 s in 66 patients (36%). In 25 of them (38%), ACT was still
>300 s at the end of the intervention; therefore, protamine sulphate
was administered intravenously in an 1:1 ratio in order to antago-
nise one half of the heparin initially administered.

During intervention Glycoprotein IIb/Illa-antagonists were
applied in eight patients (4%).

All patients received a daily dose of 100 mg aspirin and 75 mg
clopidogrel.

For the angiography of the femoral artery, 11+2 ml of contrast
medium were used. In all patients a 6 Fr device was implanted.

Of those patients who received a VCD, 140 subjects (76%)
received Angio-Seal for the first time, 20 (11%) for the second time
and 25 (13%) for a third time or greater at the same vascular site.

Immediate haemostasis was achieved in all patients with 22
patients (12%) showing a small local haematoma <5 cm?. After
removal of the sheaths, a light pressure dressing was applied around
the puncture site to avoid cutaneous or small vessel bleeding.

The dose of LMWH on the same day and the following day in the
morning was skipped.

After 4.6+0.6 hours, patients were mobilised, the dressing was
removed, and the groin was inspected and auscultated. Vascular
complications are listed in Table 2.

None of the patients suffered periprocedural AMI, as assessed by

CK-levels on day one after intervention prior to exercise testing.

EXERCISE TESTING
On the subsequent day, Doppler ultrasound of the puncture site was
performed in all patients. Nine patients showed moderate to severe



Table 2. Vascular complications after coronary intervention.

Immediately | 4 hours

Ultrasound | CPX

sy | ety | =189 | G=179

Minor pain (Borg <5) 9 4 2 0
Strong pain

(Borg >5) 2 1 1* 0
Haematoma <5 cm 22 30 30 30
Haematoma >5 cm 1 1% 1
Major bleeding 0 0 0 0
AV-fistula - 1 1* 0
Aneurysm - 0 6* 0
New dressing - 9 0 0
Vascular surgery 0 0 0 0

PCI: percutaneous coronary intervention; CPX: cardiopulmonary exercise
testing; *patients unable to perform exercise testing

groin problems, thus only 176 patients (94%) underwent bicycle
exercise-testing.

None of the nine patients not performing exercise testing received
IIb/ITa-antagonists. Of these, 2 patients had an ACT of 290 s when
the sheath was removed. There were no other specific clinical signs
in this patient group. Maximum heart rate was 108+24 beats per
minute, maximum systolic blood pressure was 163+33 mmHg and
maximum diastolic blood pressure 80+17 mmHg.

Exercise testing was terminated due to maximum predicted heart
rate (n=69, 40%), exhaustion (n=97, 54%), or non-cardiac reasons
(n=10, 6%). No patient complained about severe groin pain or
angina or showed ECG signs of acute ischaemia.

Further results from exercise testing are shown in Figure 2. For
maximum oxygen consumption and oxygen consumption at the
anaerobic threshold, there were significant differences between
patients with minor and without groin complications.

After exercise testing a thorough clinical evaluation of the punc-
ture site was performed in all patients. Still, there were no signs of

acute haematoma, bleeding or new aneurysms after exercise testing.

Discussion

We studied the effects of exercise testing after deployment of the
vascular closure device Angio-Seal following PCI in 185 patients.
The major finding of our study was that exercise testing was feasi-
ble, even early after closure-device deployment, and could be per-
formed safely and effectively without an increased complication
rate in a selected population of patients, that had been first studied
with vascular ultrasound.

Achieving adequate haemostasis is crucial for the prevention of
access site complications in patients undergoing PCI®. The occur-
rence of vascular complications was an independent predictor of
non-fatal myocardial infarction or death within one year after inter-
vention', and has been associated with a significant increase in
mortality's. Advanced age, female gender, pre-existing vascular
disease, emergent procedures, low body surface area*®!“, diabetes,
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Figure 2. Results of cardiopulmonary exercise testing in patients with
and without mild complications after Angio-Seal deployment.
Maximum workload (left), oxygen consumption at the anaerobic
threshold (middle), and maximum oxygen consumption (vight) are
compared for patients without and with mild complications after
Angio-Seal deployment. There wereno demographic and clinical
differences found between patients with minor complications and
without complications.

hypertension, and cigarette smoking'>'® are also associated with an
increased bleeding risk.

Since the introduction of vascular closure devices, a reduction in
bleeding complications and an increase in safety and effectiveness
has been reported for the management of arterial access sites®>*®!7,
The immediate success rate has been estimated >95% after the use
of collagen plug closure devices®.

In our study, Angio-Seal was deployed successfully in all
patients. Vascular complications were seen in eight patients (4.3%),
with large haematoma and AV-fistula in one patient each, and false
aneurysms in six patients. This complication rate was in the range
of other studies. Chevalier et al observed a complication rate of
5.9% in 306 high risk patients's. In a meta-analysis of 12,937
patients undergoing either manual compression or vascular closure,
Arora et al reported complication rates of 2.4% after PCI and vas-
cular closure with different devices®.

Early ambulation has proven to be safely possible in several stud-
ies!*2!. Baim et al reported a significantly shorter ambulation time
for suture-mediated devices in 715 patients from the STAND I and
STAND II-trials comparing two suture mediated devices with man-
ual compression'®. Brachmann et al prospectively compared immo-
bilisation time followed by use of a vascular haemostasis device
(VasoSeal, Datascope, Mahwah, NJ, USA) versus manual compres-
sion. They found that the use of vascular haemostasis devices
allowed earlier mobilisation without a significant increase in com-
plication rates, even in highly anti coagulated PCI-patients®.

In a head to head comparison of 200 patients receiving a VCD or
manual compression, Martin et al reported the lowest time to ambu-
lation using Angio-Seal as compared to other systems or manual
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compression®’. Recently Deuling et al prospectively compared
Angio-Seal, StarClose (Abbot, Abbott Park, IL, USA), and manual
compression regarding the efficacy of haemostasis, complication
rates and safety of early ambulation. Since there was a significant
decrease in immobilisation time with VCD, they concluded that
early ambulation in patients after usage of vascular closure devices
was safe??. Two recently published articles, which examined the
safety and effectiveness of newer devices, showed similar
results®?, However, none of these studies tested early exercise
after PCIL.

In our study, 176/185 patients (94%) were able to perform car-
diopulmonary exercise testing the day after PCI. Including only
patients without severe complications after Angio-Seal implanta-
tion, we did not find any further vascular complications during
and after stress testing. However, patients without groin compli-
cations showed a significantly higher exercise tolerance than
patients with mild complications (Figure 2). Due to this finding,
patients should be selected with caution for early physical strain
post-PCI. This might have an impact on an increasing number of
patients, who should be mobilised and receive physical strain
carly after PCI.

Therefore, Angio-Seal can be safely used to accelerate patient
mobilisation and support physical activity of patients early after
coronary intervention. This might reduce time of immobilisation,

accelerate patients’discharge and improve patients’ comfort.

Limitations

There are some limitations of this study that need to be mentioned.
First, there was no control group with early exercise testing after
manual compression, since there were major concerns about bleed-
ing complications in these patients. Secondly, our data represent
results of a single centre study, with restrictions to patient selection
for device deployment. Thirdly, our study was limited to acute data
acquisition without long-term follow-up. Finally, we performed
Doppler ultrasound before early exercise testing in our patients.
Although this created additional costs and does not necessarily
reflect clinical practice, Doppler ultrasound has been introduced as
regular safety net to exclude relevant groin complications in our

department.

Conclusion

Our findings showed that exercise testing above the anaerobic
threshold early after Angio-Seal deployment in PCI patients was
feasible without relevant vascular complications in a population of
selected patients that has been studied first with vascular ultra-
sound. Angio-Seal appeared to be safe, with a low incidence of
bleeding and a high safety profile confirmed by Doppler ultrasound
examination. Therefore, Angio-Seal could be used in patients who
should be mobilised and exposed to physical activation early after

coronary interventions.
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