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BACKGROUND An arteriovenous fistula is an abnormal arteriovenous shunt between an artery and a vein, which often leads to venous congestion in
the central nervous system. The blood flow near the fistula is different from normal artery flow. A novel method to detect the abnormal shunting flow or
pressure near the fistula is needed.

OBSERVATIONS A 76-year-old woman presented to the authors’ institute with progressive right upper limb weakness. Right vertebral
angiography showed a fistula between the right extracranial vertebral artery (VA) and the right vertebral venous plexus at the C7 level. The
patient underwent endovascular treatment for shunt flow reduction. Before the procedure, blood pressures were measured at the proximal VA,
distal VA near the fistula, and just at the fistula and drainer using a microcatheter. The blood pressure waveforms were characteristically
different in terms of resistance index, half-decay time, and appearance of dicrotic notch. The fistula was embolized with coils and N-butyl
cyanoacrylate solution.

LESSONS During endovascular treatment, the authors were able to digitally record the vascular pressure waveform from the tip of the microcatheter
and succeeded in calculating several parameters that characterize the shunting flow. Furthermore, these parameters could help recognize the
abnormal blood flow, allowing a safer endovascular surgery.
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Intravascular pressure at the tip of the catheter could be easily
measured by connecting a pressure transducer device to the catheter.
Observing the mean intravascular pressure during endovascular sur-
gery for shunting diseases has been determined to be useful.1–10 The
mean arterial pressure is found to decrease at the feeder of an arterio-
venous malformation (AVM) and to increase as the flow embolization
progresses, which indicates the treatment’s success.1–4

Aside from the absolute mean intraarterial pressure, abnormal shunt
flow is changed from normal flow in several ways.11 For example, using
Doppler ultrasonography, the resistance index (i.e., systolic velocity
minus diastolic velocity over systolic velocity) has been known to

decrease in abnormally shunting arteries.12–14 Resistance of the vessels
is sensitive to the change of flow dynamics according to the down-
stream structure and could be used to understand the angioarchitecture
of shunting diseases.14–16 Therefore, by precisely recording the pres-
sure waveform from the tip of the microcatheter, it could be possible
not only to measure the mean pressure but also to extract useful infor-
mation by analyzing the waveform itself.

An arteriovenous fistula (AVF) is an abnormal arteriovenous shunt
between an artery and a vein, which could often lead to venous con-
gestion in the cerebrum or spinal cord. To treat AVF, transarterial/
transvenous embolization or shunt occlusion is used. In the case of

ABBREVIATIONS AVF = arteriovenous fistula; AVM = arteriovenous malformation; dAVF = dural arteriovenous fistula; VA = vertebral artery.
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transarterial embolization, a passing artery should be recognized to
avoid cerebral infarction. Hence, we need a reliable method to deter-
mine whether the artery that is going to be embolized is a feeder.

In this study, we performed digital recording of the intravascular
pressure waveform from the tip of the microcatheter in a patient
who underwent endovascular surgery for vertebral AVF. Moreover,
we compared the feature of the pressure waveform with the down-
stream anatomical structure.

Illustrative Cases
A 76-year-old woman presenting with progressive right upper

limb palsy for 1 year was admitted to our department. Neurological
screening demonstrated muscle weakness at the right upper limb
innervated by C6–8. Cervical magnetic resonance imaging showed
dilated veins, with flow voids compressing the cervical spinal cord
and nerve roots (Fig. 1A). Magnetic resonance angiography pre-
sented a significant dilatation of the vertebral venous plexus, which
was occluded at the proximal side (Fig. 1B). Right vertebral angiog-
raphy showed a fistula between the right vertebral artery (VA) and
the venous plexus near the root of C7 (Fig. 1C). The right VA distal
to the fistula was perfused retrogradely from the left VA, whereas
the vertebral fistula was fed proximally and retrogradely from the
right VA. The proximal side of the draining vein was then occluded.
The increased flow was drained through dilated communicating
veins: the right deep cervical vein to the right external jugular vein.
Accordingly, venous congestion occurred at the C6–8 level of the
spinal cord. We planned the transarterial embolization to reduce the
shunt flow of the vertebral AVF by occluding the fistula.

At the beginning of the endovascular surgery, we measured the
intravascular pressure at four locations (right proximal VA, right dis-
tal VA, arterial side of the fistula, and drainer side of the fistula)
using a 1.7-French lumen catheter (Fig. 2). Pressure measurements
were referenced to the environmental air pressure at the level of
the patient’s table. The resistance index, which was calculated by
systolic pressure minus diastolic pressure divided by systolic pres-
sure, was determined to be 0.50 at the proximal VA (Fig. 2B), 0.48
at the distal VA (Fig. 2C), 0.12 at the arterial side of the shunting
point (Fig. 2D), and 0.11 at the venous side of the shunting point
(Fig. 2E). The half-decay time of the maximum to minimum amplitude

of the pressure waveform was 225.2 msec at the proximal VA
(Fig. 2B), 221.5 msec at the distal VA (Fig. 2C), 338.8 msec at the
arterial side of the shunting point (Fig. 2D), and 361.3 msec at the
venous side of the shunting point (Fig. 2E). Furthermore, the proximal
VA had a clear dicrotic notch in the diastolic phase, whereas the arter-
ies and veins near the shunting fistula had signs of neither the dicrotic
notch nor the inflection point of the diastolic slope (Fig. 3).

After decreasing the shunt flow by occluding the right proximal
VA using a balloon catheter, we packed from the venous side of
the fistula using 12 coils. Moreover, we then locally injected 0.03 ml
and 0.06 ml of 30% and 60% N-butyl cyanoacrylate solution,
respectively, to decrease the remaining shunt flow. The shunt flow
was observed to decrease drastically, and the retrograde flow of
the distal right VA became antegrade (Fig. 4).

Although the patient experienced a temporal worsening of C7
radiculopathy, which may have been due to the mass effect of
embolization material, her symptoms of muscle weakness in the
right upper limb and C7 radiculopathy gradually improved. She was
then discharged 11 days after the surgery.

Discussion
Observations

The waveform of the intravascular pressure waves using a
microcatheter were different near the shunting artery compared with
that of the proximal arterial flow. However, two apparent differences
should be considered. The first was the resistance index of the
pressure waveform, which was noted to decrease as the recording
point was close to the fistula. The resistance index was defined as
systolic pressure minus diastolic pressure divided by systolic pres-
sure. If the artery does not have normal capillaries in the down-
stream region, the resistance will be low. Arteries such as the
feeders of AVFs and AVMs are known to have a low resistance
index.14,17 Although the resistance index could also be calculated
from the pressure wave using an intravascular catheter, it has not
been reported so far.

The second difference was the dicrotic notch that disappeared in
the waveform recorded near the shunting fistula. Because the
dicrotic notch is known to be formed from the overlap of forward

FIG. 1. Preoperative images. A: Preoperative T2-weighted image at the C7 level. Note that the right vertebral
veins are dilated with low-intensity signal (arrowhead). B: Preoperative magnetic resonance angiogram. Note
that the right vertebral veins are visible and abnormally dilated. C: Angiogram of the right VA showed the fast
appearance of the dilated right vertebral venous plexus. The proximal side of the vertebral vein was occluded
(arrowhead).
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and backward waves, several factors, such as stroke volumes, peri-
pheral resistance, and aortic distensibility, affect its shape.18–22 The
dicrotic notch is usually clearly observed at the level of the VA in
normal conditions.23 Although the dicrotic notch was observed at
the origin of the VA in this case, it gradually decreased as the
recording point moved toward the shunting fistula and completely
disappeared at the shunting point and drainers. This phenomenon
could be explained by the fact that resistance downstream of the
shunting fistula is decreased compared with that in normal arteries,
which have a normal resistance. The decrease of the peripheral

resistance leads to the attenuation of the backward pressure wave
and disappearance of the dicrotic notch. Because the existence of
the dicrotic wave will alter the pressure slope of the diastolic phase,
the half-decay time of the pressure wave will reflect the down-
stream resistance. We then measured the time from the peak of
pressure to halfway (225.2 msec at the proximal VA vs 338.8 msec
at the arterial side of the fistula). On the basis of the form of the
normalized waveform (Fig. 3), from the maximal pressure, it took
more time to decline to half pressure near the shunting fistula than
in the VA proximal to the shunting fistula.

These two aspects of the pressure waveform could also be simi-
larly found in the waveform of flow velocity using Doppler ultra-
sound with high-flow feeders of AVMs as in past studies. Dempsey
et al. measured the flow of AVMs during surgery and compared the
parameters from the pre- and postsurgery waveforms.14 Although it
was not mentioned in their study, the obtained figure clearly showed
that the flow speed measurement at the feeder of the AVM artery
had an unclear dicrotic notch and increased half-decay time. Thus,
the disappearance of the dicrotic notch and increase in half-decay
time could be a characteristic marker for shunting flow.

Although we found that the pressure waveforms were quite
different according to the recording points, it must be considered
that the waveform could be largely affected by the recording
settings.24,25 First, using a thin catheter will decrease the change
between systolic and diastolic pressure. Second, a long catheter
will also dampen the pressure pulsation. Moreover, air bubbles and
coagulation inside the catheter will change the resistance and the
amplitude of the wave. For these reasons, absolute values of sys-
tolic and diastolic intravascular pressures are modified strongly by
recording conditions. Thus, recording a high-frequency activity,
such as a dicrotic notch, should be done with a relatively large and
short catheter because it could diminish artificially otherwise. Inter-
preting the difference between several waveforms correctly is only

FIG. 2. Pressure wave recording during endovascular surgery. A: Angiogram of the right VA before the endovascular surgery. Intravascular pres-
sures were recorded at each point (B–E). B–E: The pressure wave and electrocardiogram (ECG) were simultaneously recorded for 10–20 sec for
each recording point. Note that the waveforms are changing as the recording point gets closer to the fistula. Because all the recordings were per-
formed with the same condition, the amplitude of each pressure wave is comparable.

FIG. 3. The waveforms of intravascular pressure that were normalized
to the peak pressure at the proximal VA (blue line) and near the fistula
(green line) were compared. Note that the wave at the proximal VA has
a clear notch, whereas the wave near the fistula does not. The time
from the peak amplitude to decay to half amplitude (a and b) was pro-
longed at the fistula.
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successful when all the recording conditions are the same between
each recording.

The difference in pressure waveform between an arterial shunt
and normal vessels could be a strong tool to detect the shunting
point in AVMs or dural AVFs (dAVFs). It is sometimes difficult to
identify an angiographic shunting point in AVMs or dAVFs with com-
plex angioarchitecture. In addition to the visual information of angi-
ography, quantitative information provided by acquiring pressure
waveforms would help neuroendovascular surgeons to decide on a
treatment strategy more systematically. Furthermore, these parame-
ters might be useful to validate the effect of endovascular treatment
by comparing the pre- and postsurgery values. Although we could
not obtain data after the treatment in this case, further data collec-
tion and analysis are needed to know the relationship between the
parameters and therapeutic efficacy.

Lessons
The abnormal shunt flow was distinguished from normal flow by

measuring the vascular pressure wave with a microcatheter in the
case of vertebral venous fistula. This knowledge could be used to
know the anatomical structure and differentiate abnormal shunting
arteries from normal arteries during endovascular surgery.
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