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Abstract
Background: Vascular closure devices are routinely used following femoral artery access to perform
percutaneous coronary interventions (PCI). A number of devices are available on the market. We have
reported previously on our experience of the Mynx device following diagnostic coronary angiography.
Aims: To assess the success and complication rates of the Mynx device used in all-comers in the
context of PCI within a single cardiac centre.
Methods: Retrospective analysis of data available for patients who underwent PCI via the femoral
route and received a Mynx device at a single tertiary centre.
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Results: The device was used to achieve haemostasis in 113 patients following PCI. In all cases
weight-adjusted Heparin as well as dual antiplatelet therapy (Aspirin and Clopidogrel/ Ticagrelor) was
administered as per PCI protocol. The device was successfully deployed in 111 cases (98.2%). The were
2 cases of device failure, one due to operator error and the other due to Mynx grip balloon bursting during
device deployment. In 15 cases (13.2%; 9 male and 6 female) there were reports of small haematomas
(<2cm) or oozing resulting in application of manual pressure or Femstop (St. Jude). A further patient
required ultrasound-guided compression of the artery due to a large retroperitoneal bleed resulting from
access complications. A larger proportion of the cases with complications were done as PPCI (44% vs
33%). The group with complications had higher systolic BP (140mmHg vs 128mmHg; P<0.05) and MABP
(97mmHg vs 75mmHg; P<0.05) as compared with the group without any complications.
Conclusion: The Mynx closure device is safe and easy to use in the context of PCI, in both the
elective and emergency (PPCI) settings. Complication rates, predominately minor, can be minimised in
experienced hands.

Introduction
Large-bore artery haemostasis has been one of the main challenges in cardiology
since the advent of percutaneous coronary interventions. Whilst the Radial artery
approach to PCI has become increasingly common in most UK centres, the growing
popularity of procedures requiring large-bore Femoral access, such as complex PCI,
Balloon Aortic Valvuloplasty (BAV), Transcatheter Aortic Valve Implantation (TAVI)
and the use of devices such as Micra (leadless pacemaker) and Impella (ventricular
support device) has reignited discussions on the best means to achieve suitable
haemostasis and minimising complications such as haematomas and life-threatening
bleeds. Vascular closure devices are in frequent use for achieving femoral haemostasis
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and techniques such as the application of manual pressure or use of devices such as
Femstop (St. Jude) are mostly used as a bailout strategy. This remains the case even
after failure to achieve adequate haemostasis using any of the speci ic devices such as
Mynx, Preclose or Angioseal.
An ideal arteriotomy closure device should avoid the use of permanent implants,
be simple to use with predictable outcomes regardless of operator skill level, minimise
trauma, have minimal effect on platelet activation as well as infections and successfully
achieve haemostasis despite use of antiplatelets and anticoagulants. Data suggests that
the Mynx device satis ies all these criteria.
The Mynx device gained FDA approval in 2010 and is unique in its delivery of a
polyethylene glycol (PEG) gel to the surface of the artery without any mechanical
anchoring [1], thereby categorised as a passive closure device. PEG, a bio-inert polymer
with a good safety pro ile is a synthetic biocompatible material and has been used
extensively in medical devices. The Mynx grip PEG sealant encompasses 2 materials: a
14.5-mm porous matrix and a 1.5-mm distal tip with grip technology [2]. The porous
structure of the PEG allows it to absorb blood and subcutaneous luids allowing it to
rapidly expand to three to four times its original dimensions and illing the entire tissue
tract. This can often manifest as a small swelling/hematoma at the site of implantation.
After haemostasis is achieved, the sealant begins a process of hydrolysis, dissipating
within 30 days [3]. Mynx devices achieve haemostasis without cinching, clamping or
suturing which helps to provide a gentle closure for the patient. PEG is not known
to interact with platelets or immune cells, reducing intravascular and in lammatory
complications [2].
In a recent study of 4074 patients, Baker et al., have reported comparable safety
and ef icacy outcomes between Angioseal, which is the most commonly used active
anchoring vascular closure device (VCD), and the passively deployed Mynx. The Mynx
closure device remains desirable as there is no intra-arterial anchor upon device
removal [4]. Other studies have reported similar rates of major vascular complications
in patients who have received Angioseal versus Mynx following PCI with dual
antiplatelets and LMW Heparin administered during the procedure [5].
We have reported previously that Mynx can be used safely and reliably in the setting
of diagnostic coronary angiography [6]. In this study, we aimed to report the safety
and ef icacy of the Mynx closure device from real world data in patients undergoing
interventional procedures at a single tertiary centre and factors contributing to all
levels of risks involved. It is important to note that patients undergoing PCI have dualantiplatelet therapy as well as peri-procedural Heparin and not uncommonly IIb/IIIa
inhibitors, thus increasing the chance of haematoma formation.

Methods
Patients who underwent PCI via the femoral artery followed by arterial closure using
the Mynx device in a single tertiary centre were included in this study. All procedures
were performed at Manchester Royal In irmary, Manchester, UK. Demographic data
as well as the use of antiplatelets/anticoagulation, baseline renal function, body mass
index > 25, past medical history and comorbidities was recorded for analysis. Positive
history of hypertension was de ined as patients already treated with antihypertensive
drugs or previous systolic blood pressure (BP) ≥160mm Hg or diastolic BP ≥95mm
Hg. Positive history of hypercholesterolemia was de ined as total serum cholesterol
≥5 mmol/L. Diagnosis of diabetes mellitus was de ined as need for glucose-lowering
medications, or previous fasting glucose ≥11.1 mmol/L, or diagnostic response to the
oral glucose tolerance test. Active smoking was de ined as smoking within the last 3
months. In addition, procedural data including sheath size, and indication for PCI were
divided into elective, ACS and PPCI were recorded. Further comparison was made
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between the group with any reported complication and those without; with the aim of
identifying any predisposing factors.
Femoral artery access was achieved using a standard Seldinger technique under
aseptic conditions. Intra-arterial BP was recorded prior to sheath removal. In the
minority of cases where data on intra-arterial BP were not available, bedside BP
measured using standard sphygmomanometer was noted prior to the procedure.
Aortic systolic and diastolic blood pressures were recorded from the arterial pressure
trace prior to sheath removal. Mean arterial BP (MABP) was estimated as: diastolic BP
+ 1/3 x (systolic BP – diastolic BP).
Elective patients undergoing PCI and taking warfarin stopped this 5 days prior
to the procedure and proceeded with PCI only if international normalized ratio was
<1.5 on the day of the procedure. Patients taking dual-antiplatelet therapy continued
on their regular medication. Post Mynx deployment care was as per manufacturer
recommendations. Brie ly, following Mynx device deployment, patients were placed
on bedrest for 30 minutes, after which a wound inspection was carried out; in the
absence of any signs of bleeding/ haematoma, patients could ambulate. All access-site
complications (hematoma <2cm/2-5cm/>5cm), bleeding, pseudoaneurysm) were
documented in addition to device failure and conversion to manual compression or
FemStop prior to patient ambulation/discharge.
Mynx ef icacy was de ined as the ability of the device to achieve full hemostasis.
Device failure was de ined as failure to stop bleeding after device deployment and
conversion to manual compression or FemStop. Safety of the device was determined
by rate of complications; bleeding was de ined as any hemoglobin reduction requiring
transfusion or requiring surgical intervention, and signiϔicant hematoma was de ined
as >5 cm diameter [7].
Statistical analysis

Graph Pad Prism was used for data analysis and appropriate t-tests were applied
according to categorical or continuous data. For all analyses, the criterion for statistical
signi icance was set at P<.05.

Results
113 patients underwent closure of their femoral artery with the Mynx device (58%
male, 42% female). 18 experienced complications including 2 cases of unsuccessful
device deployment, one due to operator error and second due to the Mynx grip
balloon bursting during deployment. There was one case of major retroperitoneal
haemorrhage due to access complications and requiring ultrasound-guided application
of Femstop. In 15 cases (13.2%), manual pressure in the form of Femstop (St Jude)
was applied after development of a small haematoma measuring <5cm (Figure 1).
There was no incidence of a large haematoma (5cm), infection, distal embolization,
pseudoaneurysms or presentations due to pain or discomfort following the use of the
Mynx device.
To investigate the factors contributing to device challenge and complications, we
compared demographic, procedure-related and clinical settings between the 2 groups;
complication versus no complication. Results are shown in tables 1,2.
The group associated with complications (n=18) had higher systolic BP (140mmHg
vs 128mmHg; P<0.05) and MABP (97mmHg vs 75mmHg; P<0.05) compared with
the group without any complications (n=95). Current smoking was associated with
increased incidence of complications (45% vs 30%) and statin use was frequent in the
group without complications (67.7%) as compared with the complications group (40%).
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Figure 1: Incidence of complications with Mynx Device.
Table 1: Patient demographics.
No complications (%)

Mynx Failure/ Complications (%)

Number of patients

95

18

Age (years)

60.6

62.5

Diabetes

19

17

PVD

8

11

IHD

38

45

Previous MI

29

30

Previous PCI

33

20

CVA

5

5

Hypertension

68

60

Hyperlipidaemia

73

70

Statin use

68

40

BMI > 25

56

60

Auto-immune disease

4.3

5

CKD

4.3

0

Smoking status
Current smoker
Ex-smoker

30
37

45
35

Antiplatelet/Anticoagulation
27
27
26
20

None
SAPT
DAPT
Unknown

40
40
20
0

Table 2: Comparison of procedure related factors.
No complications (%)

Mynx failure/ complication (%)

95

18

Number of patients

Indication for intervention
Elective
PPCI

37
33

28
44

89
11

100
0

Sheath size
6F
7F

Periprocedural BP (mmHg)
Systolic
Diastolic
MABP

128*
71
75*

140*
76
97*

The group associated with complications had a higher proportion of PPCI (44%)
procedures as compared with the group without complications (33%).

Discussion
Closure with the Mynx device leads to enhanced patient comfort, rapid haemostasis,
reduced time to ambulation, and hospital stay [8,9]. Published results with Mynx are
variable with some studies reporting it is safe and effective and others reporting less
favourable complication rates mainly in the early stages of deployment and especially
associated with a new operator’s learning curve [7-10].
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Our study found that the Mynx was indeed an effective closure device (98.9%
successful deployment). 18 (15.9%) patients encountered some device-related
complications. From the subset of patients with associated complications, 83% were
documented as having small haematomas (<5cm) and were managed conservatively
using pressure application. Only one patient suffered a major complication which was
due to a large retroperitonal haemorrhage due to dif icult access following a PPCI
procedure. PPCI cases were associated with a higher incidence of haematomas (<2cm).
This may be attributed to the high initial/loading doses of dual antiplatelet therapy
administered as per agreed protocols before PCI in addition to the peri-procedural
heparin. However, the study as mentioned above demonstrated at least 90.8% success
rate using the Mynx closure device in the patients on dual antiplatelet therapy with
therapeutic heparin dose achieved.
The incidence of haematoma-related complications observed in our study appears
to be higher than in other studies. This is because in our study any haematoma is
counted as a complication. In reality, the formation of a small haematoma (<2cm) is
part of the process of deploying a Mynx and allows the PEG plug to expand to its full
potential. Some of the complication rate could be also attributable to centre/operator
level experience in using the Mynx device, a inding that has been previously associated
with other vascular closure device complications [11].
We observed that peri-procedural BP recordings were higher in the ‘complication
group’. Studies have reported that patients undergoing PCI with higher systolic blood
pressures are signi icantly more likely to have vascular access-related complications
than patients with lower blood pressures [12,13]. Unlike a previous small study [10],
we did not encounter any incidence of pseudoaneurysms, requirement for surgical
repair or intravascular placement of the sealant although no follow up vascular
imaging was performed as a matter of routine. Previous comparison of Mynx with other
vascular closure devices such as AngioSeal have not shown a signi icant difference in
major vascular complications, however minor complications such as device failure
requiring >30 minutes of manual compression after device deployment occurred
more in the Mynx (9.2%) patient group versus Angioseal (3.7%) [5]. The Mynx device
has been shown to have a lower surgical repair rate than both Angioseal and Manual
compression [14].

Conclusion
The Mynx device is a safe and effective femoral arteriotomy closure device in
patients undergoing percutaneous coronary interventions (PCI). The complications
associated with the Mynx are predominately minor. The complication rate may be
reduced by operator experience, optimizing blood pressure control before and after
the procedure, and ensuring femoral access is obtained at the correct anatomical
landmark with screening. This device offers great patient comfort and is of great value
even in high-risk subjects (bifurcation at site of puncture, calci ied artery or dissection
of femoral artery).

Study Limitations
Our study is a retrospective analysis of Mynx femoral arteriotomy closure in a
single centre. The number of patients analyzed is small and therefore the study may
be underpowered. There was no routine imaging of the puncture site post procedure.
Most complications were identi ied on the same day as the procedure. There was no
formal follow up although patients were asked to contact the study coordinator if there
were signs of any bruising, bleeding or swelling hence there was a potential for some
patients being lost to follow up.
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