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TECHNICAL NOTE
INTERVENTIONAL

A Flow-Diverting Stent Is Not a Pressure-Diverting Stent

JJ. Schneiders, E. VanBavel, C.B. Majoie, S.P. Ferns, and R. van den Berg

ABSTRACT

SUMMARY: The approach for treatment of large and fusiform intracranial aneurysms has evolved from stent-assisted coiling to treat-

ment with flow-diverting stents. The treatment results for these stents are promising; however, early postprocedural aneurysm rupture has

been described. The exact cause of rupture is unknown but might be related to intra-aneurysmal flow and pressure changes. We measured

intra-aneurysmal pressure before, during, and after placement of a flow-diverting stent by using a dual-sensor guidewire. The pressure

inside the aneurysm momentarily decreased during placement but was restored to baseline values within minutes. The flow-diverting stent

does not seem to protect the aneurysm from the stress induced by pressure or pressure changes within the lumen.

ABBREVIATIONS: ICA = internal carotid artery; MCA = middle cerebral artery

he approach for treatment of large and fusiform intracranial

aneurysms has evolved from stent-assisted coiling to treat-
ment with densely woven flow-diverting stents. These stents are
constructed to redirect the flow though the parent artery and es-
tablish a low-flow hemodynamic state within the aneurysm, en-
abling progressive aneurysm thrombosis and vessel wall remod-
eling. Similar flow diversion has been accomplished with
“regular” intracranial stents by using the stent-in-stent tech-
nique.' Two dedicated flow-diverting stents have been developed,
the Silk stent (Balt Extrusion, Montmorency, France) and the
Pipeline Embolization Device (ev3, Irvine, California). The
long-term results for these stents are promising’; however, early
aneurysm rupture has been described.” The exact cause of the
rupture is unknown but might be related to intra-aneurysmal
flow and pressure changes.* We, hereby, report the results of pres-
sure measurements inside the aneurysmal sac during placement
of a flow-diverting stent by using a dual-sensor pressure and ve-
locity wire.”
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TECHNIQUE

Patient

A 50-year-old man with a partially thrombosed giant aneurysm
(34 X 26 mm) of the proximal M1 was referred for endovascular
treatment. After careful angiographic analysis, the decision was
made to place a flow-diverting stent (Silk, Balt Extrusion) from
the ICA to the MCA in conjunction with partial coiling of the
aneurysm to promote intra-aneurysmal thrombosis. A slight nar-
rowing in the MCA segment adjacent to the aneurysm was no-
ticed. Clopidogrel (300-mg loading dose, subsequently 75 mg)
and aspirin (400-mg loading dose, subsequently 100 mg) were
started 2 days before the procedure. Thromboaggregation was
tested and was adequately blocked.

Description of Technique
Intra-aneurysmal pressure measurements were performed with a
dual-sensor guidewire (ComboWire; Volcano Corporation, Ran-
cho Cordova, California).” The ComboWire features a Doppler
velocity sensor and a pressure sensor at the tip of the wire, en-
abling acquisition of hemodynamic information in a 5-mm-long
cone-shaped envelope. The research protocol on measurement of
intra-aneurysmal hemodynamics by using the ComboWire was
approved by the local ethics committee. The patient met the in-
clusion criteria, and written informed consent was obtained.
Because it is not possible to navigate a microcatheter through
the mesh of a flow-diverting stent, the microcatheter was intro-
duced inside the aneurysm (jailed) before placement of the stent
with the intention of placing coils in the aneurysm sac after stent
deployment. The jailed microcatheter was used to introduce the
ComboWire into the aneurysmal lumen, and continuous intra-
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FIG1. Conventional angiogram (A) and digital subtraction angiogram (B) show the Silk stent deployed in the MCA, and the jailed microcatheter
with the ComboWire within the aneurysm. C, Schematic representation of the considered flows (arrows) and aneurysm compliance (arrow-
heads). X represents the jailed microcatheter containing the dual-sensor guidewire.

aneurysmal pressure measurements were performed before, dur-
ing, and after stent deployment (Fig 1).

The measurements were recorded at 200 Hz, resulting in
192,000 data points. Per-point averages of all recorded pressure
data were calculated for 30-second periods. These per-point av-
erages were used to determine the mean and maximal pressures.
In addition, the pulse pressure (the difference between diastolic
and systolic pressure values) was calculated. Flow-velocity mea-
surements were discarded because of noise and unreliability due
to complex flow inside the aneurysm.

Procedural Details

With the patient under general anesthesia, 7F and 5F sheaths were
placed in the right and left femoral arteries, respectively. A 5F
guiding catheter was placed in the right ICA. A Tracker Excel-14
microcatheter (Boston Scientific, Fremont, California) was intro-
duced by using a Traxcess guidewire (Microvention, Aliso Viejo,
California) for navigation. After selective catheterization of the
aneurysm, the Traxcess guidewire was exchanged for the Com-
boWire. A second guiding catheter was placed in the right ICA to
introduce a Vasco+21 MP microcatheter (Balt Extrusion) in the
proximal M2 segment of the MCA. The ComboWire was in place
inside the aneurysm, and continuous pressure measurements
were performed during deployment of the Silk stent (3.0 X 25
mm). Control angiography performed immediately after stent
placement showed good patency of both the ICA and MCA (Fig
1).

RESULTS
Mean Pressure

The mean intra-aneurysmal pressure of 70 mm Hg before stent
deployment was similar to the systemic mean pressure measured
in the femoral artery. During stent deployment, the mean pres-
sure in the aneurysm dropped to 60 mm Hg, but after complete
deployment of the Silk stent, pressure returned to predeployment
values and higher (Fig 2A).

Peak Systolic Pressure

The peak systolic pressure in the aneurysm before stent deploy-
ment was 80 mm Hg, approximately 20 mm Hg lower than the
systemic peak systolic pressure measured in the femoral artery.
During stent deployment, the peak systolic intra-aneurysmal
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pressure dropped with 14 mm Hg to 66 mm Hg with a subsequent
steady increase to predeployment values in the next 6 minutes.
Systemic peak systolic blood pressure re mained stable between 99
and 105 mm Hg during the measurements. Six minutes after the
procedure, the peak systolic intra-aneurysmal pressure returned
to the baseline values (Fig 2B).

Pulse Pressure

During the start of the stent deployment, the pulse pressure de-
creased sharply from 25 to 13 mm Hg but gradually increased
during deployment. After complete deployment, the pulse pres-
sure gradually increased to baseline values (Fig 2C).

DISCUSSION

The flow-diverting stent has become a promising device in the
treatment of giant and fusiform aneurysms with good short-term
outcomes. However, more recent studies also report hemorrhagic
complications, due to delayed aneurysm rupture.>*° At present,
the precise hemodynamic mechanisms leading to aneurysm oc-
clusion through flow diversion are still unclear.

In this study, we measured the intra-aneurysmal pressure be-
fore, during, and after placement of a flow-diverting Silk stent.
Within minutes after complete stent deployment, intra-aneurys-
mal pressure returned to baseline values. Peak systolic pressure
and pulse pressure were unaffected by the flow diversion, and
pressure-related stresses on the aneurysm wall remained similar
to those in the untreated situation.

The pressure profile in the aneurysm after deployment of the
stent can be described as follows: Pressure in the aneurysm (P,,,,) is
coupled to its volume (V,,,,). Aneurysm compliance (C) is a prop-
erty of the wall and is defined by the slope of the pressure-volume
curve, C=dV,, /dP,,.

Simultaneously, net inflow or outflow (Q) through the
stent openings depends on the pressure gradient between ves-
sel (P,) and aneurysm: Q = (P, — P,,) / R, in which R is the
resistance of the stent cells. Flow equals the rate of change in
volume per definition. Together, stent resistance and aneu-
rysm compliance define a time constant 7 = RC. For 7 much
larger than the cardiac interval, aneurysm pressure remains
constant and equal to the mean local arterial pressure during
the cycle. Volume also remains constant, and the wall would be



protected against cyclic mechanical
stress. For a 7 much smaller than the
cardiac interval, the aneurysm pressure
dynamics are equal to the arterial pres-
sure pulse, and the stent will not affect
the cyclic wall stress. With the present
flow diverters, it is unclear which range
of T can be expected.
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(mmHg)

The current case considers a giant an-
eurysm, which is expected to have a large

compliance, therefore 7 would be high. Lesveecss®

Pressure measurements before, during and after Silk® stent deployment
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However, our measurements indicated A
that the pulse pressure in the aneurysm
was equal to the arterial pulse pressure. It
seems that flow diverters are too perme-
able to protect against pulsatile wall stress. 1205
While the primary purpose of these stents
to reduce inflow and outflow rather than
pressure is well-appreciated, they are thus

not “pressure diverters.”
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access resistance through separation of
the stent and the vessel wall (Fig 1C).
However, this effect is expected to be
minimal.

The primary concept of flow diversion
as a treatment for intracranial aneurysms is
based on stagnation of intra-aneurysmal
flow. Immediately after placement of the
flow-diverting stent, stagnation of contrast
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was seen on control angiography, pointing
to a reduction on inflow and outflow
through the stent cells. This flow reduction
does not lead to an immediate intra-aneu-
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rysmal thrombosis; consequently, the aneu-
rysm is not protected from pressure-in-
duced
aneurysmal pressure could well be in

FIG 2. Systemic and
stresses.

The persisting intra-
relation to the already reported (early) rup-
ture of aneurysms after placement of a flow-diverting stent.>*

The concept of flow diversion does not automatically impli-
cate pressure reduction inside the aneurysm. This concept was
also proposed in a recent study by Cebral et al* on computational
fluid dynamics simulations of intracranial aneurysms before and
after flow diversion. In this study, 3 of 7 patients showed an intra-
aneurysmal pressure increase, and in 4 of 7 patients, the pressure
returned to baseline values after stent placement. None of the
patients studied by Cebral et al showed a decrease in intra-aneu-
rysmal pressure after stent placement, which is consistent with
our measurements.

We cannot provide data on the course of the intra-aneurysmal
pressure in the subsequent time period, but it seems reasonable to
suggest that as long as flow is not completely blocked inside the
aneurysm, the pulse pressure inside the aneurysm will remain. In
the few cases reported, rupture occurred after days to weeks, in the

T
16 min

intra-aneurysmal pressure measurements during stent deployment. A,

Mean pressure. B, Peak systolic pressure. C, Pulse pressure.

period when one can expect the aneurysm to be still (partially)
patent. Kulcsar et al® proposed that under specific conditions,
instead of reverse remodeling and cicatrization of the aneurysm,
an aggressive thrombus-associated autolysis of the aneurysm wall
can occur, resulting in delayed rupture. The persistence of the
pulse pressure inside the aneurysm as determined in this study, in
conjunction with the concept of aneurysmal wall autolysis, war-
rants a very reserved approach and at least second thoughts on the
treatment of ruptured aneurysms with flow-diverting stents
alone. This is probably also true in those aneurysms with recent
growth, in which the aneurysmal wall is probably less stable. This
study provides an additional argument that the use of flow divert-
ers for treatment of intracranial aneurysms should be combined
with insertion of coils in the aneurysmal sac. Such a recommen-
dation was also made by the manufacturer of the Silk stent in their
“Urgent Field Safety Notice.””
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CONCLUSIONS

Although we only investigated a single case, the pressure measure-

ments after placement of a flow diverter may indicate no early reduc-

tion of intra-aneurysmal pressure. This means that the aneurysmal

wall still has to endure hemodynamic stresses caused by the cardiac

pulse wave, which might contribute to rupture in a later phase.
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