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Pulsatility Attenuation along the Carotid Siphon in
Pseudoxanthoma Elasticum
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ABSTRACT

SUMMARY:We compared velocity pulsatility, distensibility, and pulsatility attenuation along the intracranial ICA and MCA between
50 patients with pseudoxanthoma elasticum and 40 controls. Patients with pseudoxanthoma elasticum had higher pulsatility and
lower distensibility at all measured locations, except for a similar distensibility at C4. The pulsatility attenuation over the siphon
was similar between patients with pseudoxanthoma elasticum and controls. This finding suggests that other disease mechanisms
are the main contributors to increased intracranial pulsatility in pseudoxanthoma elasticum.

ABBREVIATIONS: PI ¼ pulsatility index; PXE ¼ pseudoxanthoma elasticum; SVD ¼ small-vessel disease; 2D-PC ¼ 2D phase-contrast

The curved shape combined with distensibility of the carotid
siphon attenuates arterial pulsatility and protects the cerebral

vasculature.1,2 Calcification and stiffening in the siphon may
reduce pulsatility attenuation and cause increased intracranial ar-
terial pulsatility. Arterial calcifications occur in atherosclerotic
plaques in the intimal arterial wall.3 Medial arterial calcifications
in the medial layer and internal elastic lamina contribute to arte-
rial stiffening.4 Extracranial arterial stiffness increases intracranial
pulsatility because it hampers attenuation of the pulse pressure to
the microvascular bed,3 but reduced attenuation along the siphon
has been studied less.

Pseudoxanthoma elasticum (PXE) is a rare disorder with
severe calcifications in the skin, eyes, and internal elastic lamina
of the arteries of the arms, legs, and carotid siphon.5 PXE results
in increased arterial stiffness, peripheral arterial disease, stroke,
and small-vessel disease (SVD).6,7 Carotid siphon calcification is
associated with increased arterial flow pulsatility, and both calcifi-
cation and pulsatility are associated with SVD.

To investigate whether patients with PXE have reduced pulsa-
tility attenuation along the carotid siphon, we compared velocity
pulsatility and distensibility along the ICA and MCA and

pulsatility attenuation over the siphon between patients with PXE
and controls.

MATERIALS AND METHODS
Data Availability
Anonymized data will be shared on reasonable request to the cor-
responding author.

Participants
Fifty patients with PXE and 40 age- and sex-matched controls
were included. Controls were either families or acquaintances of
patients with PXE, excluding first-/second-degree relatives.
Exclusion criteria were younger than 18 years of age, estimated
glomerular filtration rate of ,30mL/min/1.73m2, a cardiac de-
vice, or claustrophobia. The study was approved by University
Medical Center Utrecht institutional review board. All partici-
pants gave written informed consent.

MR Imaging Acquisition
All participants were scanned on a 3T MR imaging unit with a 32-
channel head coil (Philips Healthcare). 2D phase-contrast (2D-PC)
MR imaging with retrospective cardiac gating was acquired sepa-
rately for both sides proximal to the cavernous segment (C4) and
distal to the carotid siphon at the ophthalmic (C6)8 and MCA M1
segment, using the following imaging parameters: FOV ¼ 250 �
250 mm2, reconstructed spatial resolution ¼ 0.25 � 0.25 � 3
mm3, acquired temporal resolution ¼ 64 ms, and unidirectional
through-plane velocity encoding sensitivities of 100 cm/s for C4
and MCA and 150 cm/s for C6 to avoid phase wraps. The flow
acquisitions provided time-resolved measurements of the blood
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flow velocity and volumetric flow rates over the cardiac cycle. Flow
measurements of sufficient quality were included.1

Data Processing
Semiautomated analysis of the 2D-PC acquisitions was performed
with scanner software (software release R5.1.7; Philips Healthcare).1

ROIs were automatically created with a mouse click without any
manual correction. The automated ROI selection was repeated in 5
random subjects to test reproducibility. The velocity curve was
obtained from mean ROI values of each cardiac phase. The mini-
mum, maximum, and mean blood flow velocities from this curve
(Vmin, Vmax, and Vmean) in centimeters/second were used to calcu-
late the pulsatility index (PI) ¼ (Vmax–Vmin)/Vmean). Arterial dis-
tensibility, defined as (Amax–Amin)/Amean)/DP) � 100, was
calculated from each area curve, where A indicates ROI areas and
DP is the systolic-diastolic pressure measured before MR imaging.2

Pulsatility attenuation was calculated by subtracting the PI of the
proximal from the distal segment.

Statistical Analysis
Descriptive data were presented as mean for normal and me-
dian (interquartile range) for non-normally distributed varia-
bles and number (percentage) for categoric variables. Because
PI measurements for the left and right were not significantly
different, no stratification per side was performed. Differences
between the PXE and control groups were tested with the Student
t test, Mann-Whitney U test, or x 2 test when appropriate. Analysis
was performed in R Studio, Version 1.1.456 (http://rstudio.org/

download/desktop). A P value, .05
was regarded as statistically significant.

RESULTS
Baseline
Fifty patients with PXE (57 [SD,
12] years of age, 49% men) and 40
controls (58 [SD, 11] years of age, 50%
men) were enrolled between January
2017 and May 2018 (baseline charac-
teristics are in the Table). One patient
with PXE had an ophthalmic artery
aneurysm and was excluded.

Pulsatility Index, Distensibility,
and Pulsatility Attenuation
Repeat automated ROI selection in 5
subjects demonstrated no changes in
measurements. The PI decreased from
C4 to C6 and from C6 to the MCA in
both patients with PXE and controls
(Table). Patients with PXE had a higher
PI at all locations. Distensibility was sig-
nificantly lower in PXE at C6 (P, .01)
and the MCA (P, .01), but not at C4,
where the ICA passes through the skull
base (Table and Figure). In patients
with PXE, pulsatility attenuation was

less between C4 and C6 than in controls (P¼ .03), but the effective
attenuation between C4 and the MCA was similar (P¼ .48)
(Table).

DISCUSSION
This study shows that the siphon seems to function normally in
PXE. Although patients with PXE have a higher PI and lower dis-
tensibility, pulsatility attenuation between C4 and MCA was sim-
ilar compared with controls.

The current finding is different from that in patients with
PXE with SVD, in whom pulsatility increased over the carotid
siphon compared with a decrease in controls.9 Although both
small studies, these findings suggest that the hemodynamics in
patients with SVD are not a representative model for the PXE
phenotype. This possibility may be because patients with SVD
have combined atherosclerotic intimal disease and medial arterial
calcifications, whereas patients with PXE have relatively isolated
medial arterial calcifications.6

Velocity pulsatility is affected by upstream arterial elasticity
and downstream vascular or microvascular resistance.10 Other
factors include age, sex, and local constraints to arterial distensi-
bility, such as the bony carotid canal and calcified lesions.1,11 The
distensibility proximal to the cavernous segment (C4) is affected
by the skull base; therefore, no conclusion can be drawn regard-
ing the distensibility or stiffness of the artery at this location.
Variation in the configuration of the circle of Willis between C6
and the MCA may also affect pulsatility attenuation and blood
flow.12

Baseline characteristics patients with PXE and controlsa

Characteristic PXE (n= 49) Controls (n= 40) P Value
Age (yr) 57 (SD, 12) 58 (SD, 11) .49
Male sex (No.) (%) 24 (49%) 20 (50%) .92
Systolic BP (mm Hg) 136 (SD, 20) 133 (SD, 15) .59
Diastolic BP (mm Hg) 77 (SD, 12) 79 (SD, 10) .33
Statin use (No.) (%) 25 (51%) 5 (13%) ,.01
LDL cholesterol (mmol/L) 2.8 (SD, 0.91) 3.6 (SD, 0.83) ,.01
Hypercholesterolemia (No.) (%) 42 (86%) 37 (93%) .31
Current smoking (No.) (%) 6 (12%) 4 (11%) .84
Pulsatility measurements
ICA C4 (No.) 93 79
PI 1.12 (0.98–1.22) 0.94 (0.81–1.08) ,.01
Distensibility (mm Hg–1) 0.18 (0.16–0.24) 0.21 (0.17–0.25) .14
Mean velocity (cm/s) 22.8 (17.9–29.5) 18.9 (15.4–23.7) ,.01

ICA C6 (No.) 70 34
PI 0.96 (0.89–1.09) 0.83 (0.75–0.94) ,.01
Distensibility (mm Hg–1) 0.33 (0.27–0.43) 0.57 (0.45–0.63) ,.01
Mean velocity (cm/s) 32.5 (28.2–37.8) 29.7 (24.9–37.7) .08

MCA (No.) 95 77
PI 0.92 (0.82–1.05) 0.79 (0.67–0.87) ,.01
Distensibility (mm Hg–1) 0.30 (0.25–0.40) 0.48 (0.42–0.57) ,.01
Mean velocity (cm/s) 36.6 (32.0–42.2) 38.3 (33.8–48.7) .05

Pulsatility attenuation
C4 to C6 –0.09 (–0.13 to –0.06) –0.11 (–0.16 to –0.08) .03
C6 to MCA –0.06 (–0.09 to –0.02) –0.05 (–0.14–0.00) .59
C4 to MCA –0.16 (–0.21 to –0.11) –0.16 (–0.24 to –0.11) .48

Note:—BP indicates blood pressure; C4, cavernous ICA segment; C6, ophthalmic ICA segment; LDL, low-density
lipoprotein.
a Data are means and median and interquartile range or No. (%).
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A strong point is the relatively high number of patients for
a rare disease such as PXE. A limitation is the high drop-out
rate of measurements in the diverging C6 segments due to
planning difficulties; however, the PI values are in the same
range as described previously.1 The order of the 2D-PC scans
was the same for all patients. Although physiologic variations
may occur during scanning (eg, blood pressure and heart rate
fluctuation), they would be similar for both groups. We
observed a similar pattern along the ICA in a study using 4D-
phase conventional angiography, which does not have this
physiologic variation.

Statin use is associated with increased calcification of athero-
sclerotic plaques in the coronary and carotid arteries.13 Although
the statin effect on medial artery calcifications in patients with
PXE is unknown, we cannot exclude a possible role of statins in
arterial calcification.9

CONCLUSIONS
Despite lower distensibility and higher pulsatility in patients with
PXE, there was no overall difference in pulsatility attenuation
between patients with PXE and controls. This finding suggests
that extracranial calcification and stiffness may contribute more
to increased intracranial arterial pulsatility in PXE than carotid
siphon dysfunction.

Disclosure forms provided by the authors are available with the full text and PDF
of this article at www.ajnr.org.
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