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Abstract

Purpose: During catheter angiogram (CA) there is momentary increase in
intravascular volume and pressure due to intra-arterial injection that can po-
tentially cause vascular distention at the stenotic site, whereas on CT angio-
gram (CTA) is unlikely due to intravenous administration. Methods: CA and
CTA of the carotid artery from 29 patients were retrospectively studied. CA
and CTA were obtained for each patient. Curved sagittal MPRs mirroring the
carotid artery on CA were used to measure the diameter at stenosis and at the
distal lumen. Mural plaque calcium content was graded on axial CTAs. Re-
sults: Accounting for repeated measurements, the likelihood that the lumen
diameter from CA will be larger than CTA was higher at stenosis than distal
to it but the difference in lumen diameters at stenosis was similar to CTA.
There is insufficient evidence that intra-arterial hand-injection during CA
leads to underestimation of the degree of stenosis. Percentage stenosis using
the NASCET criteria differed between the 3 measurements, post hoc analysis
showed significant difference between CA and axial CTA (p < 0.0001), but not
between CA and curved sagittal CTA (p > 0.99). The difference in lumen di-
ameter did not depend on our calcium grading (p = 0.484). Conclusions:
There is insufficient evidence to suggest that intra-arterial hand-injection
contributes to vessel distention and underestimation of percent stenosis dur-
ing CA in this study. Mural plaque calcium does not affect the degree of ste-
nosis on CTA.
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1. Introduction

Decreased arterial distensibility of a diseased vessel as a risk factor for coronary
vascular disease (CVD) is well studied in the cardiology literature [1]. Functional
impairment of the arterial wall may occur earlier than the structural abnormali-
ties of the vessel wall [2]. The same observations applied to the coronary arteries
can be applied to the carotid arteries in the neck. The decreased carotid distensi-
bility in carotid atherosclerotic disease is expected to affect the blood flow and
blood volume under normal physiologic condition, which is the case on CT angi-
ography. However, the iatrogenic hand injection of contrast material on conven-
tional angiography is expected to distend the vessel beyond what is expected under
physiologic conditions secondary to the increase in pressure according to the Ha-
gen-Poiseuille equation (Q = AP -m-r* /8,uL , where Q= Flow, AP = Pressure loss,
1 = Mathematical constant Pi, r= Radius of pipe, £ = Dynamic viscosity and L =
Length of pipe) [3]. A number of publications compared the percent carotid
stenosis between CTA and CA, quantified the degree of stenosis according to the
NASCET criteria on CTA and evaluated the relation between the volume of cal-
cification in the mural plaques and the degree of vascular stenosis [4] [5] [6] [7].
Nevertheless, to our knowledge this is the first literature work evaluating the ex-
act relationship between CTA and CA measurement at the stenotic segment hy-
pothesizing distensibility induced underestimation of the degree of stenosis sec-
ondary to hand injection induced vascular distensibility on CA.

2. Materials and Methods
2.1. Inclusion Criteria and Imaging

Examinations were retrospectively collected from a single institution from Au-
gust 2010 through October 2014 after IRB approval and HIPAA compliance; no
patient consent was required. Examinations from 29 patients (16 males, 13 fe-
males, median age of 65) with known carotid artery stenotic disease that re-
ceived CT angiography studies followed by CA were entered into the study.
Examinations were not included if the purpose of imaging was due to trauma,
dissection, vascular anomaly/malformation, tumor evaluation, or primary evalu-
ation of the posterior circulation. Examinations were excluded because of in-
adequate coverage and/or technical errors precluding full evaluation of the cer-
vical carotid arteries.

GE and Philips Medical Systems were used for the CTA examinations. The
CTA images were obtained from the C6 level to skull vertex by helical HS
mode at 0.9 mm slice thickness, 0.5 pitch, 22 cm FOV and 512 x 512 matrix
and 0.43 mm voxels (120 kVp, 350 mA). Intravenous access was via an antecu-
bital vein by using an 18-or 20-gauge angiocatheter. A total of 80 mL Isovue
350 were injected at a rate of 4.0 to 4.5 mL/s, with a 17-second delay or the use
of Smart Prep at the pulmonary artery. CT technologists performed all the
post-processing multiplanar reformats (MPRs) at the CT operator’s console.
Coronal and sagittal MPR images were created as 10.0 mm thick, spaced by 3
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mm. In some cases, rotational MPRs were created at the carotid bifurcations
with a thickness of 7 mm and spacing by 3 mm. Additionally the evaluating
radiologist performed curved sagittal 0.45 mm MPRs mirroring the carotid ar-
tery on CA (VOXAR-3D) at workstation. 3D-rendered images were created on
a GE or Philips workstation. All images were viewed on IDX-IMAGECAST
Philips PACS workstations.

A Philips medical system (Allura Xper FD20/15) was used for the CA exami-
nations. Two orthogonal views were obtained with 8 cc hand injection of Isovue
250 at approximately 5 cc/s. CA images were auto calibrated for magnification.
All images were viewed on IDX-IMAGECAST Philips PACS workstations.

2.2. Evaluation of Cases

Diameter of carotid stenosis on CTA versus carotid diameter on CA were the
considered variables. Measurement of carotid stenosis was at the narrowest por-
tion of the carotid bulb on the axial source image and the curved sagittal thin
section MPR images created by the radiologist. The reformatted thin slice curved
sagittal images were specifically chosen because the lumen measurement corre-
lated best with CA and the vessel orientation was created to mirror the CA view.
Despite, that the curved sagittal MPRs suffer from data interpolation that could
potentially result in overestimation of the vessel size secondary to edge blur, the
stenosis ratio as per NASCET correlated better with the CA numbers than axial
CTA which does not suffer from this problem [8]. The use of axial versus sagittal
CTA images to evaluate the degree of carotid stenosis has been a subject of de-
bate, however, we consistently obtained very similar percentages of stenosis
when comparing the reformatted thin slice curved sagittal images, that were
created to mirror the carotid artery orientation on CA, and the CA images. We
recommend using these reformats whenever possible (Figure 1). Two indepen-
dent radiology fellows evaluated the cases. MPRs were used to identify the caro-
tid orientation to ensure true cross-sectional measurements. The internal carotid
arteries (ICAs) identified as passing oblique to the axial plane were measured
perpendicular to their own oblique axis as seen on the MPRs. The distal ICA was
measured well past the bulb where the walls are parallel and no longer tapering
from the carotid bulb as per NASCET [9] [10]. Millimeter measurements were
obtained by using the sub-millimeter measurement and magnification tools on
the PACS workstation.

Special attention was directed to some of the more densely calcified plaques,
with extra windowing used when needed to better evaluate the lumen and avoid
potentially overestimating the stenosis percentage (Figure 2). Special attention
was also directed to avoid underestimating the stenosis percentage on CA when
the residual lumen is a peripheral crescent, which can happen depending on the
CA view angle (Figure 3).

2.3. Data Analysis

Since the percent stenosis from angiography did not satisfy the normality
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Figure 1. Illustration of creating the CTA curved sagittal thin slice MPR reformats to
mirror the vessel orientation on CA using the VOXAR-3D software. (a) Coronal MPR for
orientation; (b) The curved sagittal MPR mirroring the vessel in C; (c) The CA image
from the same patient.

Figure 2. (a) axial CTA; (b) curved sagittal MPR CTA and (c) CA. Special attention was
directed to the more densely calcified plaques with special windowing to avoid potentially
overestimating the degree of stenosis. Also, notice that the stenotic segment measurement
on the curved sagittal MPR created to mirror the CA images correlates better with the CA
measurement.

Figure 3. (a) axial CTA; (b) curved sagittal MPR CTA and (c) CA. Special attention was
directed to avoid underestimating the stenosis percentage on CA when the residual lu-
men is a peripheral crescent (arrow). The plan of the axial image on the curved sagittal
MPR is the “horizontal line”. Notice the projection dependent slight underestimation of
the stenotic lumen diameter on the CA image due to the crescent shaped residual lumen.
The curved sagittal MPR CTA correlated better with CA.
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assumption (p < 0.003, Shapiro-Wilks test), the nonparametric Friedman’s test
was used to determine if the percent stenosis estimates differed between angio-
graphy, axial CTA and curved sagittal CTA. This was followed by post hoc

Dunn’s test for pairwise comparison.

3. Results

The percent stenosis estimates from angiography, axial CTA and curved sagittal
CTA statistically differed (p < 0.0001, Friedman’s test). Dunn’s post hoc tests
was used to determine whether indicate that there was a statistically significant
difference between angiography and axial CTA (p < 0.0001), but NOT between
angiography and curved sagittal CTA (p > 0.99). Axial CTA overestimated the
percent stenosis compared to angiography (median: 69.7% vs. 65.1%; Figure 4).
Friedman’s test indicated that the lumen diameter measured distal to stenosis
statistically differed between angiography, curved sagittal CTA and axial CTA (p
< 0.0001). Post hoc Dunn’s test indicated that the difference between angiogra-
phy and curved sagittal CTA was not statistically significant, but marginal (p =
0.0512), whereas the difference between angiography and axial CTA was statis-
tically significant (p = 0.0005). Figure 4(a) shows the lumen diameter measured
distal to stenosis is higher with axial CTA compared to angiography (median: 4.9
vs. 4.3 mm). Friedman’s test indicated that the lumen diameter measured at ste-

nosis site statistically differed between angiography, curved sagittal CTA and
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Figure 4. Box-plot of stenosis (a); lumen diameter at stenosis (b) and lumen diameter
distal to stenosis (c) from CA, sagittal CTA and axial CTA. The 3 estimates statistically
differed (p < 0.001, Friedman’s test). Post hoc Dunn’s test indicates that axial CTA dif-
fered from CA, but sagittal CTA did no differ from CA; (d) Difference in lumen diameter
at stenosis between CA and axial CTA did not depend on calcium grade (p = 0.484).
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axial CTA (p < 0.0001). Post hoc Dunn’s test indicated that the difference be-
tween angiography and curved sagittal CTA was not statistically significant (p =
0.262), whereas the difference between angiography and axial CTA was statisti-
cally significant (p = 0.014). Figure 4(b) shows the lumen diameter measured at
stenosis site is lower with axial CTA compared to angiography (median: 1.4 vs.
1.5 mm). So, with respect to angiography, axial CTA overestimates lumen di-
ameter at location distal to stenosis and underestimates lumen diameter at ste-
nosis site contributing to overestimation of percent stenosis observed in Figure
4.

The difference in lumen diameter at stenosis site between angiography and
axial CTA satisfied the normality assumption (p = 0.943, Shapiro-Wilks test).
ANOVA indicated that the difference in lumen diameter measured at stenosis
site between angiography and axial CTA did NOT statistically depend on cal-
cium grading (p = 0.484). This indicated that there is insufficient evidence to
support that the beam hardening effects associated with calcium content contri-
butes to the difference in lumen diameter at stenosis site between angiography
and axial CTA.

To evaluate if the relatively poorer spatiotemporal resolution of CTA contri-
butes to reduced precision in measuring lumen diameter, we assumed the lumen
diameter from angiography as the reference standard, the absolute ratio was
quantified as: Precision = (D-DSA - D-CTA)/DSA , where D-DSA and D-CTA
are the lumen diameters measured from angiography and CTA, respectively
[11]. Linear regression of precision with DSA shows a trend towards zero with
increasing D-DSA. The overall model was statistically significant (p < 0.0001)
and D-DSA was significant predictor of precision (p < 0.0001). This indicates
that the relatively poorer spatiotemporal resolution of CTA contributes to re-
duce precision in measuring lumen diameter and the effect is dependent on lu-

men diameter.

4. Discussion

Decreased arterial distensibility of a diseased vessel as a risk factor for coronary
vascular disease (CVD) is well studied in the cardiology literature [1]. Functional
impairment of the arterial wall may occur earlier than the structural abnormali-
ties of the vessel wall [2]. The same observations applied to the coronary arteries
can be applied to the carotid arteries in the neck. The decreased carotid distensi-
bility in carotid atherosclerotic disease is expected to affect the blood flow and
blood volume under normal physiologic condition, which is the case on CT an-
giography [12]. However, iatrogenic hand injection of contrast material on con-
ventional angiography is expected to distend the vessel beyond what is expected
under physiologic conditions secondary to the increase in pressure according to
the Hagen-Poiseuille equation (Q=AP-=&- r4/8,uL , where Q = Flow, AP =
Pressure loss, m = Mathematical constant Pi, r = Radius of pipe, 4 = Dynamic
viscosity and L = Length of pipe) [3]. A number of publications compared the

percent carotid stenosis between CTA and CA, quantified the degree of stenosis
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according to the NASCET criteria on CTA [4] [5] [6] [13]. Others, additionally
evaluated the relation between the volume of calcification in the mural plaques
and the degree of vascular stenosis [7]. However, to our knowledge this is the
first literature work evaluating the exact relationship between CTA and CA
measurement at the stenotic segment hypothesizing distensibility induced un-
derestimation of the degree of stenosis secondary to hand injection induced
vascular distensibility on CA. Despite being theoretically plausible, our data
showed insufficient evidence that intra-arterial hand-injection during CA leads
to vascular dilation that is significant enough to affect the percentage of vascular
stenosis. One factor that might have influenced our result is the small cohort of
patients; a larger number may show statistical significance.

Another factor is the inherent lower resolution of CTA in comparison to CA.
However, CT angiography has evolved along with the technologic advances of
CT hardware and software. Modern CT angiography, performed with multide-
tector high-speed CT hardware, accurately and reliably depicts carotid disease
and allows for direct quantification of carotid stenosis in millimeters [14] [15].
The accuracy of CTA for detection of severe carotid artery disease (70% to 90%
stenosis), specifically carotid occlusions, was shown to be very comparable to the
accuracy of CA; something that our data correlated well with [9] [16]. The com-
bined use of duplex scanning and CTA has also been found to be accurate in the
diagnosis of carotid occlusion and can replace angiography in cases of carotid
occlusion [17] [18]. Conversely, CTA can be less accurate than CA in distin-
guishing between moderate (50% - 69%) and severe (70% - 90%) carotid stenosis
which is related to several factors including the inherently lower resolution of
CTA in comparison to CA, different orientation of the carotid artery in relation
to the imaging plane on CTA and CA and potential artifacts from soft tissue and
mural plaques calcium at the site of stenosis [6] [19]. Additionally, calculating
percent carotid stenosis as per NASCET can be challenging as the luminal di-
ameter distal to the stenosis is usually reduced secondary to decreased pulse
pressure distal to the stenosis which leads to collapse of the vessel wall [20] [21]
[22].

Another factor that might affect vascular distensibility on both conventional
and carotid angiography is the calcium content of the atherosclerotic mural
plaques. As mentioned, prior scholarly work focused on correlating the volume
of calcifications in the mural plaques to the degree of stenosis and showed posi-
tive results. Nonetheless, applying such technique to the daily practice of neuro-
radiology is time consuming, cumbersome and requires software capabilities
that might not be available at every institution. For our study, we propose a new
calcium grading system that can be used at any workstation. Our data showed
that this calcium grading correlates with the degree of stenosis on both CTA and
CA. However, the calcium scoring does not affect the percentage of stenosis
when compared between CA and CTA. This could in part be related to the con-
tinued advancement in CT technology with improved spatial resolution and data

post-processing [14]. Our calcium scoring consisted of 4 grades; grade 1 is <1
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mm thick calcification regardless of circumferential involvement, grade 2 is 1
mm < thick < 1.9 mm and <180 degree, grade 3 is 1 mm < thick < 1.9 mm
and >180 degree or 2 mm < thick < 2.9 mm regardless of circumferential in-
volvement and grade 4 is calcification thickness > 3 mm regardless of circumfe-
rential involvement (Figure 5). Special attention was directed to some of the
more densely calcified plaques, with extra windowing used when needed to bet-
ter evaluate the lumen and avoid potentially overestimating the stenosis percen-
tage. Figure 6 shows the difference between the appearance of calcifications on
soft tissue, bone and vascular windows. We found that vascular windows using
window width in the range of 800 - 1100 and window levels of 350 - 550 will ac-
centuate the contrast filled vascular lumen and minimize the beam hardening
artifacts at the interface between the calcified plaque and the patent con-

trast-filled lumen.

Figure 5. (a) Grade 1; (b) Grade 2; (c) Grade 3 and (d) Grade 4 calcifications. Notice the
residual lumen in D (arrow).

Figure 6. (a) Soft tissue window; (b) bone window and (c) vascular window. Notice the
better visualization of the vascular lumen on the vascular window in comparison to the
soft tissue and bone windows.
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5. Conclusions

At this time, there is insufficient evidence to suggest that intra-arterial
hand-injection contributes to underestimation of percent stenosis during CA
secondary to injection induced vessel dilatation despite larger vessel diameter at
stenosis on CA in comparison to CTA in this small cohort of patients; larger
cohort may show different results. Calcium grading scale correlates with the de-
gree of vascular stenosis but does not affect the lumen diameter measurement on
CTA in comparison to CA suggesting minimal or no effect of beam hardening.
Importantly, curved sagittal CTA MPRs made to mirror the vascular orientation
on CA should be used for measuring stenosis whenever possible as it does not
differ from CA and correlated better than the axial images.

There are several limitations to our study. This is a retrospective study. Data
showed insufficient evidence that intra-arterial hand-injection during CA leads
to significant vascular dilation, enough to affect the percentage of vascular ste-
nosis. One factor that might have influenced our result is the small cohort of pa-
tients; a larger number may show statistical significance.

Interobserver variability was not assessed. Nevertheless, a standardized inter-
pretation scheme was used for analysis between carotid diameter by CTA versus

intra-arterial hand injection measured on CA.
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