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Traumatic carotid artery perforation is a rare but seri-
ous accident [1-3]. Emergency management includes ex-
ternal compression (if anatomically feasible) and either
surgery (reconstruction or ligation [2, 3]) or endovascular
treatment. Endovascular options include carotid artery
sacrifice (coiling) to stop bleeding [4, 5] or perforation
sealing with the use of a covered stent (stent-graft) [4,
6-9]. In minimal-to-moderate leaks, initial strategy may
involve a sealing attempt with prolonged balloon infla-
tions [4, 6]. Prolonged balloon inflations, however, may
increase the risk of symptomatic thrombosis, particularly
if performed in absence of procedural anticoagulation or
with premature (i.e., prior to removal of the intervention-
al devices from the vessel lumen) heparin reversal with
protamine [4].

We describe the use of a microNET-covered stent
for sealing an internal carotid artery double perforation
caused by a penetrating nail crossing the artery as a con-
sequence of a nail-gun accident (Figures 1, 2).

MicroNET-covered stent system consists of a nitinol
platform (self-expandable [10-12] or balloon-expandable
[13-15]), covered with a highly-adaptable polyethylene
terephthalate single-fiber knitted microNET sleeve (Fig-
ure 1 D) that is attached to the outward surface of the
nitinol stent platform on its edges [10-16]. In a recent
prospective multi-centric study of 352 procedures with
intravascular imaging in consecutive patients with clin-
ical symptoms or radiologic signs of cerebral injury in
association with carotid stenosis, microNET was found
to be 100% effective in sealing the atherothrombotic
plaque material from the lumen [17, 18]. In addition,
similar to microporous membrane stents [19], microNET
acts as a flow-diverter that may facilitate aneurysm heal-
ing (NCT04434456) while not affecting any high-volume
physiologic flow (such as that in the external carotid
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artery) [16, 20]. Evidence suggests that these microNET
properties may translate into a minimized risk of perfo-
ration when using the microNET-covered carotid stent
to treat the lesions associated with an increased risk of
rupture and extravasation (such as highly-calcific steno-
ses) [21]. However, use of the microNET-covered stent to
repair carotid perforation has not yet been reported.

A 28-year-old man using a professional nail-gun tool
suffered a work accident when an 8-cm nail was inadver-
tently shot at the level of his right ear, causing a double
(in/out) perforation of the internal carotid artery (Figures
1, 2). The patient did not show any acute neurological
deficit and was hemodynamically stable.

Given the difficulty and hazards of the surgical access
at the skull base [9], a decision was made to reconstruct
the artery using the endovascular route. As no self-ex-
pandable stent-graft was available on-shelf (and the ca-
rotid self-expandable microNET-covered stent, CGuard
[10-12, 22] was not yet commercially available), a bal-
loon-expandable microNET-covered stent (4.0 x 18 mm)
was used (Figure 1). The stent was introduced directly,
without an additional cerebral protection (such as a dis-
tal filter or transient flow reversal that are required when
treating atherosclerotic lesions to protect the brain prior
to the microNET-exerted embolism prevention[10, 16, 22,
23]). The stent was positioned in the C2-C3 segment so
that its middle portion addressed both the “inward” and
“outward” vessel perforation site on the course of the
nail crossing the artery (Figure 1 C). The nail was removed
simultaneously with implanting the stent (3 min inflation
at 10 atm) while performing external compression of the
neck wound. A reduced dose of unfractionated heparin
(3000 1U) was used. Since a suboptimal implantation of
the microNET-covered stent may increase the risk of in-
stent restenosis [14], the stent was further post-dilated
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with a 4.5 x 18 mm balloon at 8-10 atm (Figure 1 E) for
5 min despite transient intolerance, maintaining external
compression of the wound. No angiographic extravasation
was present after stent implantation (Figure 1 F). Acute an-
giographic result showed a complete, optimal endovascu-
lar reconstruction of the perforated vessel (Figure 1 F), and
there was absence of any angiographic distal embolism and
absence of any neurologic symptoms. The patient received
low-dose aspirin (75 mg daily) and clopidogrel (75 mg daily)
for 30 days. 5-year clinical follow-up was normal, and Du-
plex ultrasound demonstrated a normal luminal flow (Fig-
ure 1 G). This is consistent with a lasting effect of optimal
endovascular reconstruction of carotid artery perforation
using a microNET-covered stent, in agreement with a last-
ing mid-term and long-term effect of microNET-covered
stent use to restore normal carotid artery lumen in primary
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and secondary prevention of carotid atherosclerosis-related
stroke [18, 20, 24, 25].

Traumatic carotid artery perforation is a life-threaten-
ing emergency [3, 4, 9]. Besides trauma, carotid artery
perforation can also occur as a complication of carotid
artery stenting, particularly in case of endovascular man-
agement of calcified lesions using the 15t generation
(single-layer, non-covered) carotid stents [26, 27]. Intra-
luminal angioplasty has the potential to cause tearing
or rupture of the target vessel; a likely under-reported
serious complication that may occur especially when
using a non-compliant non-undersized balloon [6]. Arte-
rial injuries due to angioplasty and stent placement are
somewhat different from those due to carotid trauma in
that in the latter a portion of the vessel wall is absent
[6]. A single-layer nitinol stent is believed, in general,

Figure 1. Procedural images of sealing carotid artery traumatic perforation with a MicroNET-covered stent and
long-term follow-up. A to C are internal carotid artery angiograms in different planes, demonstrating a nail
penetrating the artery in C3/C2 segment (note that the nail both entry and exit point are visualized in B).
D is a photograph of MicroNET, mounted on a nitinol stent (MicroNET-covered stent system), which was used
to seal the 2 perforation sites. E shows a balloon inflation sealing the MicroNET (and the stent platform) in-
traluminally to the vessel wall. F is the immediate result of the procedure, demonstrating lack of any contrast
extravasation. The arrow (E, F) points to the perforation site of the nail exit from the artery, with both the entry
and exit sites completely sealed. G is duplex ultrasound follow-up at 5 years, showing a fully patent stent with
absence of any in-stent restenosis and normal velocities
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Figure 2. An 8 cm nail at the level of the right ear, causing a perforation of the internal carotid artery: photo-
graphs (A, D) and skull X-ray in the lateral (B) and postero-anterior (C) projection

to reinforce the wall of the artery [6]. With balloon an-
gioplasty, the force is transmitted to the circumference
of the vessel wall, with only the weakest portion failing
[6]. Speculatively, such angioplasty-inflicted tears may
be reinforced by stent placement [6]. Nevertheless, in
case of heavy calcification any “aggressive” optimization
of a single nitinol layer (non-covered) stent to improve
the lumen may cause perforation [28]. It needs to be
noted that calcification is the most common cause for
post-procedural residual stenosis — a fundamental factor
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of in-stent restenosis [21, 26]. Therefore, heavy calcifi-
cations have been considered a contraindication to en-
dovascular revascularization using single metallic layer
(non-covered) stents [26]. While the microNET stent wrap
was originally developed to block intraluminal migration
of the atherothrombotic plaque material [10, 11, 13], and
it was subsequently demonstrated to be effective in this
indication [10, 17, 18, 22, 29], recent analysis from the
PARADIGM-101 study suggested safety of microNET-cov-
ered (CGuard) stent use in optimized endovascular man-
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agement of highly-calcific carotid artery lesions [21]. This
is consistent with the sealing properties of microNET as
demonstrated presently (Figure 1). However, it needs to
be remembered that the microNET-covered stent is not
a stent-graft as it possesses micropores of ~ 150-180 pm
[10-12].

Surgery for carotid perforation may be unavoidable
in complex injuries. Surgery, however, is associated with
a stroke rate reaching up to 80% [3, 9]; a proportion that
may be considered far too high to accept in cases where
endovascular repair is feasible. Carotid artery ligation is
an independent predictor of stroke (OR = 1.5, p = 0.009)
[2, 30]. Coiling, an endovascular equivalent of ligation,
is also associated with a significantly greater stroke risk
than that seen with reconstructive techniques that main-
tain vessel patency and thus ipsilateral cerebral supply
[9]. Lesions located near the skull base (as in the present
case, cf.,, Figures 1 and 2) are particularly hazardous and
difficult to repair surgically [9].

Covered stents (stent-grafts) were demonstrated to
be useful as an effective emergency tool to seal both
severe perforations and lesser perforations that persist
despite prolonged balloon inflation(s) [4, 6-9]. However,
the risk of in-stent restenosis with fully covered stents
(stent-grafts) placed in the carotid location is as high
as 15-40% [9, 31]. Exposing patients to such a high
restenosis rate may be acceptable in case of emergen-
cy treatment but not in any routine setting [21, 31, 32].
Covered stents show lack of mechanical flexibility [9, 32]
and a prohibitively high (in elective use) rate of in-stent
restenosis [9, 31]. Furthermore, contrary to typical expec-
tations [32], covered stents fail to prevent lesion-related
thrombo-embolism as the embolic material (rather than
getting trapped between the stent and the vessel wall)
may get squeezed-out and mobilized to blood stream at
the covered stent edges [33].

The microNET-covered stent system, by design, re-
spects carotid anatomy [11, 12, 16], and — when prop-
erly embedded — shows a minimal risk of restenosis
[20, 25, 29]. The microNET-covered stent has been pre-
viously reported to be effective in sealing coronary ar-
tery perforations [13, 14]. Presently, we report effective
and uncomplicated sealing of a traumatic carotid artery
perforation using a microNET-covered stent (Figures 1, 2)
with a lasting, optimal angiographic and clinical result.
This result is consistent with accumulating evidence
for optimal short- and long-term outcomes with the
microNET-covered stent system in treatment of carotid
artery thrombo-atherosclerotic disease in primary and
secondary stroke prevention [1-12, 17, 18, 20-22, 25,
28, 34]. Still, operators should be fully aware that the
microNET-covered stent system is not fully-covered (i.e.,
it is not a stent-graft). Thus, in case of potential incom-
plete microNET sealing of the leak, strategies may in-
volve performing prolonged balloon in-stent inflation or
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placing another microNET-covered stent (stent-in stent)
to increase the sealing effect. Stent-grafts (with their
trade-off of a high in-stent restenosis rate that is relevant
particularly in the carotid bifurcation use [31]) should
continue to be available on-shelf for major ruptures that
may not be amenable to sealing with the micro-porous
microNET-covered stent.

In conclusion, we have demonstrated a safe and ef-
fective use of a microNET-covered stent system (a niti-
nol stent wrapped in a flexible ultra-thin polymer mesh
sleeve on its external surface), to resolve a traumatic ca-
rotid artery perforation (Figures 1, 2). There was a 100%
sealing efficacy and a lasting endovascular reconstruction.
Clinical relevance of the microNET-covered stent sealing
properties (Figures 1, 2), taken together with its effective
sequestration of thrombo-atherosclerotic material from
the lumen [17, 18] and the feasibility of an optimized ‘full’
endovascular restoration of a normal carotid artery lumen
[16-18, 23, 24], have opened a new chapter in the history
of optimizing carotid artery reconstruction using the endo-
vascular route [30, 34, 35].

Contflict of interest

PM has been proctoring and/or consulting for Abbott
Vascular, InspireMD, and Medtronic, and he is Global
Co-Principal Investigator in CGUARDIANS FDA IDE Trial of
the MicroNET-covered carotid stent system. MFL reports
no conflicting interests.

References

1. Goald HJ, Ronderos A. Traumatic perforation of the intracranial
portion of the internal carotid artery with eleven-day survival.
J Neurosurg 1961; 18; 401-4.

2. Ronaldi AE, Polcz JE, Robertson HT, et al. A multi-registry analysis
of military and civilian penetrating cervical carotid artery injury.
J Trauma Acute Care Surg 2021; 91: S226-32.

3. O’Banion LA, Dirks R, Siada SS, et al. Risk factors for stroke in
penetrating carotid trauma — an analysis from the PROOVIT Reg-
istry. ) Trauma Acute Care Surg 2022; 92: 717-22.

4. Herrera DA, Vargas SA, Dublin AB. Endovascular treatment of
penetrating traumatic injuries of the extracranial carotid artery.
J Vasc Interv Radiol 2011; 22: 28-33.

5. Rallo MS, Narayan V, Majmundar N, et al. Multi-modal endovas-
cular management of traumatic pseudoaneurysm and arterio-
venous fistula of the ascending cervical artery: a technical re-
port and review of literature. Clin Neurol Neurosurg 2021; 202:
106539.

6. Broadbent LR Moran CJ, Cross DT 3rd, Derdeyn CP. Management
of ruptures complicating angioplasty and stenting of supraaor-
tic arteries: report of two cases and a review of the literature.
AJNR Am J Neuroradiol 2003; 24: 2057-61.

7. Dieter RS, lkram S, Satler LF, et al. Perforation complicating ca-
rotid artery stenting: the use of a covered stent. Catheter Car-
diovasc Interv 2006; 67: 972-5.

8. Agid R, Simons M, Casaubon LK, et al. Salvage of the carotid
artery with covered stent after perforation with dialysis sheath.
A case report. Interv Neuroradiol 2012; 18: 386-90.

287



Mércio Francisco Lehmann et al. MicroNET-covered stent sealing properties

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Jindal G, Fortes M, Miller T, et al. Endovascular stent repair of

traumatic cervical internal carotid artery injuries. J Trauma
Acute Care Surg 2013; 75: 896-903.

Schofer J, Musialek B Bijuklic K, et al. A prospective, multi-
center study of a novel mesh-covered carotid stent: the CGuard
CARENET Trial (Carotid Embolic Protection Using MicroNet). JACC
Cardiovasc Interv 2015; 8: 1229-34.

Wissgott C, Schmidt W, Brandt-Wunderlich C, et al. Clinical
results and mechanical properties of the carotid CGUARD dou-
ble-layered embolic prevention stent. ) Endovasc Ther 2017; 24:
130-7.

Wissgott C, Brandt-Wunderlich C, Kopetsch C, et al. Initial clini-
cal results and in vitro testing of the new CGuard MicroNet-Cov-
ered “One-Size-Fits-All” Carotid Stent. ) Endovasc Ther 2019; 26:
578-82.

Fogarassy G, Apro D, Veress G. Successful sealing of a coronary
artery perforation with a mesh-covered stent. J Invasive Cardiol
2012; 24: E80-3.

Romaguera R, Gomez-Hospital JA, Cequier A. Novel use of the
MGuard mesh-covered stent to treat conary arterial perfora-
tions. Catheter Cardiovasc Interv 2012; 80: 75-8.

Dudek D, Dziewierz A, Rzeszutko L, et al. Mesh covered stent
in ST-segment elevation myocardial infarction. Eurolntervention
2010; 6: 582-9.

Musialek B Mazurek A, Trystula M, et al. Novel PARADIGM in
carotid revascularisation: Prospective evaluation of All-com-
er peRcutaneous cArotiD revascularisation in symptomatic
and Increased-risk asymptomatic carotid artery stenosis using
CGuard™ MicroNet-covered embolic prevention stent system.
Eurolntervention 2016; 12: e658-70.

Musialek P [for OPTIMA Trial Investigators]. Endovascular
Sequestration of High-Risk Carotid Lesions Using the Mi-
croNET-Covered Embolic Prevention Stent in Consecutive Pa-
tients With Symptoms or Signs of Carotid Stenosis-Related
Cerebral Injury: An Investigator-Initiated, Intravascular, Ultra-
sound-Controlled, Multinational, Multispecialty Trial (CGuard
OPTIMA NCT04234854). TCT 2022 Featured Research. https://
tctmd.com/url?a=https%3a%2f%2fd14d5nk8lue86f.cloudfront.
net%2fs3fs-public (accessed 21.06.2023).

Tekieli L, Mazurek A, Pieniazek B, et al. Symptomatic atheroscle-
rotic plague progression in a first-generation carotid stent: man-
agement and 5-year clinical and imaging outcome. Eur Heart
J Case Rep 2022; 6: ytab489.

Nishi S, Nakayama Y, Ishibashi-Ueda H, Masato Y. Occlusion
of canine aneurysms using microporous self-expanding stent
grafts: long-term follow-up. Clin Neurol Neurosurg 2014; 122:
34-41.

Mazurek A, Borratynska A, Malinowski KR et al. MicroNET-cov-
ered stents for embolic prevention in patients undergoing
carotid revascularisation: twelve-month outcomes from the
PARADIGM study. Eurolntervention 2020; 16: €950-2.

Mazurek A, Partyka L, Trystula M, et al. Highly-calcific carotid
lesions endovascular management in symptomatic and in-
creased-stroke-risk asymptomatic patients using the CGuard
dual-layer carotid stent system: analysis from the PARADIGM
study. Catheter Cardiovasc Interv 2019; 94: 149-56.

Karpenko A, Bugurov S, Ignatenko R et al. randomized controlled
trial of conventional versus MicroNet-Covered stent in carotid ar-
tery revascularization. JACC Cardiovasc Interv 2021; 14: 2377-87.
Trystula M, Musialek P. Transient flow reversal combined with
sustained embolic prevention in transcervical revascularization

288

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

of symptomatic and highly-emboligenic carotid stenoses for
optimized endovascular lumen reconstruction and improved
peri- and post-procedural outcomes. Adv Interv Cardiol 2020;
16: 495-506.

Musialek B Mazurek A, Kolvenbach R, et al. 5-year clinical and
ultrasound outcomes in CARENET Prospective Multicenter Tri-
al of CGuard MicroNET-Covered Carotid Stent. JACC Cardiovasc
Interv 2022; 15: 1889-91.

Mazurek A, Malinowski K, Rosenfield K, et al. CARMEN (CArot-
id Revascularization Systematic Reviews and MEta-aNalyses)
Investigators. Clinical outcomes of second- versus first-genera-
tion carotid stents: a systematic review and meta-analysis. J Clin
Med 2022; 11: 4819.

Bates ER, Babb JD, Casey DE, et al. ACCF/SCAI/SVMB/SIR/ASITN
clinical expert consensus document on carotid stenting. J Am
Coll Cardiol 2007; 49: 126-70.

Nicosia A, Nikas D, Castriota F, et al. Classification for carotid
artery stenting complications: manifestation, management, and
prevention. J Endovasc Ther 2010; 17: 275-94.

Reimers B, von Birgelen C, van der Giessen WJ, Serruys PW.
A word of caution on optimizing stent deployment in calcified
lesions: acute coronary rupture with cardiac tamponade. Am
Heart ) 1996; 131: 192-4.

Karpenko A, Bugurov S, Ignatenko R et al. Randomized con-
trolled trial of conventional versus MicroNet-covered stent in
carotid artery revascularization: 12-month outcomes. JACC Car-
diovasc Interv 2023; 16: 878-80.

Uno M. History of carotid artery reconstruction around the
world and in Japan. Neurol Med Chir 2023; 63: 283-94.
Schillinger M, Dick B Wiest G, et al. Covered versus bare self-ex-
panding stents for endovascular treatment of carotid artery ste-
nosis: a stopped randomized trial. J Endovasc Ther 2006; 13:
312-9.

Murarka S, Hatler C, Heuser RR. Polytetrafluoroethylene-covered
stents: 15 years of hope, success and failure. Expert Rev Cardio-
vasc Ther 2010; 8: 645-50.

Blackman DJ, Choudhury RR Banning AR Channon KM. Failure of
the Symbiot PTFE-covered stent to reduce distal embolization
during percutaneous coronary intervention in saphenous vein
grafts. J Invasive Cardiol 2005; 17: 609-12.

Musialek B Hopkins LN, Siddiqui AH. One swallow does not
a summer make but many swallows do: accumulating clinical
evidence for nearly-eliminated peri-procedural and 30-day com-
plications with mesh-covered stents transforms the carotid re-
vascularisation field. Adv Interv Cardiol 2017; 13: 95-106.
Musialek P Roubin GS. Double-layer carotid stents: from the clin-
ical need, through a stent-in-stent strategy, to effective plaque
isolation... the journey toward safe carotid revascularization us-
ing the endovascular route. ) Endovasc Ther 2019; 26: 572-7.

Advances in Interventional Cardiology 2023; 19, 3 (73)


https://tctmd.com/url?a=https%3a%2f%2fd14d5nk8lue86f.cloudfront.net%2fs3fs-public
https://tctmd.com/url?a=https%3a%2f%2fd14d5nk8lue86f.cloudfront.net%2fs3fs-public
https://tctmd.com/url?a=https%3a%2f%2fd14d5nk8lue86f.cloudfront.net%2fs3fs-public

