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Assessment of Dimensions and Image
Quality of Coronary Contrast Catheters
From Cineangiograms

Johan H.C. Reiber, phD, Cornelis J. Kooijman, msc, Ad den Boer,
BSc, and Patrick W. Serruys, mp

In the quantitative assessment of coronary arterial dimensions from coronary cinean-
giograms, the contrast catheter is usually used as a scaling device, requiring the
definition of the catheter contours by semi- or fully automated contour detection
procedures. The image quality of the x-ray radiated catheter is dependent on the
catheter material, concentration of the contrast agent in the catheter, and kilovoltage
of the x-ray source. The effects of these variables on the image quality and accuracy
of the size-measurement of the filmed catheters were studied for four different
catheter materials: woven dacron (wd), polyvinylchloride (pv), polyurethane (pu), and
nylon. The following parameters were studied: measured size, image contrast, and
average brightness gradient along the edges of the displayed catheters. The average
differences of the angiographically measured size with the true size for the wd, pv,
pu, and nylon catheters were +0.2, —3.2, — 3.5, and +9.8%, respectively. The image
contrast at various fillings of the catheters was roughly identical for the wd, pv, and
pu catheters, and significantly lower for the nylon catheter. Image gradient was
highest for the wd catheter, followed by the pv and pu catheters, and lowest for the
nylon catheter.

From these data it may be concluded that the woven dacron catheter is most
suitable for quantitative coronary angiographic studies. The polyvinylchloride and
polyurethane catheters perform about equally well but slightly less than the woven
dacron catheter. The nylon catheter should not be used for such quantitative studies.

Key words: quantitative coronary cineangiography, contrast catheters, image quality, image
processing

INTRODUCTION

Coronary contrast catheters have been used increasingly for calibration purposes 1n
the quantitative assessment of coronary arterial dimensions [1-8]. However, until
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today no extensive study has been performed on the accuracy of these measurements
from coronary cineangiograms, nor on the effect of catheter material, contrast filling
of the catheter, and kV-setting of the x-ray source on image quality of the irradiated
catheter and thus on the accuracy of measurement. It is the purpose of this paper to
describe such results on four different materials, filmed at various settings of the

quality of the x-ray system and filled with various concentrations ot contrast agent
and with water and air.

METHODS

Mid-portions of the four contrast catheters were taped on a block of perspex with
dimensions 10 X 10 X 10 cm. The height of the x-ray table was adjusted such that
the catheters could be filmed in the isocenter of the x-ray system. Five different
fillings were used for the catheters: 1) only air inside; 2) filled with water; and filled
with three different concentrations of a contrast agent (Urografin-76, Schering AG,
Berlin, Germany); 3) 370 mg I/cc (100% concentration); 4) 185 mg I/cc (50%
concentration); and 5) 92.5 mg I/cc (25% concentration). Each situation was filmed
at four different kilovoltages, ranging from 55 to 81 kV. For calibration purposes, a
centimeter grid was filmed on top of the perspex block after the catheter measure-
ments had been performed.

The cinefilms were analyzed with the Coronary Angiography Analysis System
(CAAS), which has been described in detail elsewhere [5-7]. Briefly, the cinefilm
was mounted on a specially constructed cine-video converter. A selected cineframe
was optically magnified with a factor ot 2+/2 and a portion of the image, encompass-
ing a catheter segment to be analyzed, was converted into video format by means of
a high-resolution video camera attached to a movable x-y stage. The center square of
the resulting analog video image is digitized in matrix size of 512 X 512 picture
elements (pixels) with 8 bits (256 levels) brightness resolution and displayed on a
video monitor. At several crucial moments in the analysis procedure, user-interaction
1s possible by means of a writing tablet.

The calibration factor for the study was determined by manual definition of three
pairs of points on neighboring vertical lines of the centimeter grid in the center of the
image with the writing tablet. The calibration factor was thus expressed as mm/pixel.
As a next step, the boundaries of a portion of a given catheter were detected
automatically with the coronary artery detection algorithm over a length of approxi-
mately 1.0 cm (Fig. 1).

This arterial contour detection procedure requires the user to indicate a number of
center positions in the optically magnified catheter segment. A smoothed version of
this centerline determines regions of interest of size 96 X 96 pixels encompassing the
catheter segment to be transferred to the host computer (PDP 11/44) for edge-
definition purposes. To decrease spatial fluctuations due to quantum noise, the digital
data are smoothed spatially with a 5 X 5 median filter. Subsequently, the digital data
are resampled along straight lines, denoted scanlines, perpendicular to the local
centerline directions. Contours of the catheter segment along the scanlines are deter-
mined on the basis of the weighted sum of first and second difference functions
applied to the resampled brightness information using so-called minimal cost criteria

15].



Quantitative Angiographic Catheter Measurements 523

12=JAN-8S |7:34:52

FILM:I14
FNAM: TEST
FSEQ: X00

Fig. 1. Example of detected contours along a portion of one of the contrast catheters.

If the user does not agree with part of the detected contours, these erroneous
positions may be corrected interactively with the writing tablet. On the basis of the
corrected contours, a new centerline 1s computed and the detection process repeated
to minimize the influence of the initially user-indicated center positions on the arterial
contours. Finally, a smoothing procedure is applied to each of the detected contours
and the resulting positions corrected for pincushion distortion. Figure 1 shows the
detected contours along a portion of a contrast catheter.

From the analyzed portion of a contrast catheter the following parameters were
measured:

l. Mean diameter (mm).

2. Average brightness level along centerline in catheter (B. cath).

3. Average background brightness level (B. bkg), measured 10 pixels (+ 0.6 mm)
outside of the detected contours.

4. Difterence between B. cath and B. bkg, being a measure for image contrast.

5. Average value of the weighted sum of first and second difference functions for
the left-hand side contour positions (GRAD(L)).

6. Average value for the weighted sum of first and second difference functions for
the right-hand side contour positions (GRAD(R)).

MATERIALS

Four catheters fabricated from different materials were used for this study: A)
woven dacron, Sones 7F catheter (USCI Int., Inc., Billerica, MA), B) polyvinyl-
chloride, Judkins 7.3F catheter (Cook Inc., Bloomington, IN), C) polyurethane,
femoral-left coronary 8F catheter (Cordis Corp., Miami, FL), and D) nylon, Alvaflo
Judkins 7F catheter (Mallinckrodt GmbH, Grossostheim, West Germany).
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The true sizes of the catheters were measured with a micrometer.

Figure 2 shows the brightness distribution along a scanline across an analyzed
catheter segment perpendicular to the centerline direction for each of the four catheter
materials filled with 100% contrast agent and with air. In each graph the pixel
positions along the scanline are plotted along the horizontal axis and the brightness
levels along the vertical axis. From these eight graphs the differences in 1mage
contrast between the various materials can be appreciated, as well as the differences

in the brightness distribution for a particular segment filled with 100% contrast agent
or with air.

RESULTS

In Table I the true sizes of the four catheter segments, measured with a micrometer,
are listed, as well as the average value and standard deviation of the values assessed
with the CAAS and the average difference between the true and angiographically
measured sizes. For each catheter a total of 20 measurements was available from the
air- and water-filled catheters and from the catheters filled with the different concen-
trations of contrast agent (92.5, 185, and 370 mg I/cc), each filmed at four different
kilovoltages (range 55-81 kV). Best results were obtained for the woven dacron
catheter with an average overestimation in angiographically measured size of only
+0.2%, followed by the polyvinylchloride and polyurethane catheters, with average
underestimations of —3.2% and —3.5%, respectively, while the nylon catheter was
overestimated by 9.8%. Similarly, the standard deviation of the computer-assisted
measurements was smallest (=0.02 mm) for the woven dacron catheter, followed by
the polyvinylchloride and polyurethane catheters (0.03 mm), while the highest value
was obtained for the nylon catheter (0.05 mm).

In Table II these dimensional measurements have been subdivided according to the
five difterent fillings of the catheter segments. The measurements were averaged over
the results from the four different kilovoltages at which these segments were filmed.
The mean values of these results are presented graphically in Figure 3; this graph
depicts the variability of the measurements as a function of the filling of the catheter.
The maximal difference between mean values for the various situations is less than or
equal to 0.04 mm for the woven dacron, the polyvinylchloride, and polyurethane
catheters, and more than double that value (0.09 mm) for the nylon catheter.

In Table III the image contrast values of the x-rayed and filmed catheters, averaged
over the four kilovoltage measurements, are listed for the four catheters according to
the five different fillings. Image contrast was defined by the difference of the average
brightness level along the centerline of the analyzed catheter segment and of the
average brightness level measured in the backgroud, at 10 pixels (+ 0.6 mm) from
the defined contour positions. These results have been depicted graphically in Figure
4. It can be concluded from Table III and Figure 4 that for all four catheters image
contrast decreases with the x-ray absorption coefficient of the filling of the catheter.
The woven dacron and polyvinylchloride catheters demonstrate image brightness
levels of similar magnitude, while the image brightness of the polyurethane catheter
filled with contrast medium of at least 50% concentration is higher than that for the
first two mentioned catheters and similar for the water and air fillings. The image

contrast of the nylon catheter is significantly lower for all fillings as compared to the
other three materials.
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Fig. 2. Examples of brightness distribution along scanlines perpendicular to the centerline
directions for the four different catheters, filled with 100% contrast agent (left column) and
with air (right column). The vertical order of the graphs represents the different materials (from
top to bottom): woven dacron (wd), polyvinylchloride (pv), polyurethane (pu), and nylon,
respectively. In each graph, the pixel positions along the scanline are plotted along the
horizontal axis and the brightness levels along the vertical axis.
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TABLE |. Comparison of True Sizes of Catheter Segments With Angiographically
Measured Dimensions*

Angilographically

True size measured size Average
(mm) (mm) difference (%)
Woven dacron 2.35 2.35 + 0.02 +0.2
Polyvinylchloride 2.44 2.36 4+ 0.03 =192
Polyurethane 2.62 253 # 0.03 =3
Nylon 2.25 2.46 + 0.05 +9.8

*Measurements were averaged over the five different fillings (air, water, contrast medium concentrations
of 92.5, 185, and 370 mg I/cc), each at four different kilovoltages (range 55-81 kV) (mean + SD).

TABLE Il. Mean Values and Standard Deviations of the Angiographically Measured
Catheter Dimensions for the Five Different Fillings of the Segments*

Measured size (mm)

370 mg I/cc 185 mg [/cc 92.5 mg I/cc Water Air
Woven dacron 2.36 £ 0.02 235 +0.02 2.34 + 0.01 2.34 + 0.03 2.38 + 0.01
Polyvinylchloride 2:36 £0.02 - 238 41002 235 +002 2354+ 004 . 2.37 4+ 0.02
Polyurethane 2:90 £ 0.02 233 £003 251 £0.06 254 £004 2.52 4% 0.03
Nylon 242 + 008 245+ 005 248 +0.03 245+ 0.02 2.51 + 0.04

*Measurements were averaged over the four different kilovoltages at which these segments were filmed.
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Fig. 3. This graph depicts the variability of the angiographically measured catheter size as a
function of the filling of the catheter. Each measurement point represents the mean value of
four measurements of the catheter at four different kilovoltages of the x-ray source.

The dependence of image contrast on the kilovoltage of the x-ray source can be
observed on the basis of the standard deviation of the measurements as listed in Table
[1I. It 1s clear from this table that the influence of the quality of the x-ray radiation is
similar for all five fillings for the woven dacron and polyvinylchloride catheters. The
kilovoltage-dependence for the polyurethane catheter is roughly twice as high for all
five fillings. On the other hand, the contrast-filled nylon catheter shows a dependence
again approximately equal to that of the woven dacron and polyvinylchloride cathe-



Quantitative Angiographic Catheter Measurements 527

TABLE lll. Mean Values and Standard Deviations of the Measured Image Contrast for the
Four Catheters at the Various Fillings of the Catheters*

Image contrast

370 mg I/cc 185 mg I/cc 92.5 mg I/cc Water Alr
Woven dacron 83.6 (9.6) 15,6 (12.8) 1351 E]3) 64.0 (8.9) 63.0 (9.7)
Polyvinylchloride 82.3 (11.0) 1.3 (13.0) 19 (12,7 64.1 (9.9) 538.0 (9.1)
Polyurethane 100.4 (22.3) 37.8 (23.7) 75.0 (21.4) 637 (17.7) 62.5 (18.6)
Nylon 3):8:412.3) 32:1:49:3) 48.4 (8.3) 26.4 (2.0) 21.:8:(1.1)
*Measurements were averaged over the four different kilovoltages at which these segments were filmed.

Therefore, the standard deviation, (shown in parentheses), is a measure for the influence of the quality
(kV) of the x-ray radiation on image contrast.
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Fig. 4. This graph shows image contrast for the four catheter materials as a function of the
filling of the catheter. Each measurement point represents the mean value of four measure-
ments of the catheter at four different qualities (kV-level) of the x-ray radiation.

ters, with an absolutely lowest variability for the nylon catheter filled with water and
air.

Finally, we have measured along each detected contour side the average density
gradient along the contour, defined by the weighted sum of first and second difference
values assessed from the edge detection algorithm; the unit of this parameter is
brightness level difference per pixel. As a result, for each analyzed catheter segment,
an average left gradient value (GRAD(L)) and an average right gradient value
(GRAD(R)) was obtained. At the average, the difference between the GRAD(L) and
GRAD(R) values was nonsignificant. In Table IV the average gradient values for the
four catheters, averaged over the four kV measurements and over the left and right
contour sides, are presented for the five different fillings. These results are again
depicted graphically in Figure 5.

[t 1s clear from Figure 5 that the highest gradient levels are obtained with the woven
dacron catheter, followed by the polyvinylchloride and polyurethane catheters; the
nylon catheter again shows the poorest results. For all catheter materials, the bright-
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TABLE IV. Mean Values and Standard Deviations of the Average Image Gradient at the

Detected Contour Positions for the Four Catheter Materials at the Various Fillings of the
Catheters.

Average gradient

370 mg I/'cc 185 mg I/cc 92.5 mg I/cc Water Alr
Woven dacron 14.9 (1.4) 16.4 (2.4) 18.1 (3.2) 19.4 (3.0) 19.1 (3.5)
Polyvinylchloride 1955 (1.55) 11.6 (2.0) 12.7 (2.0) 13.4 (2.9) 1254 (2.0)
Polyurethane 10.9 (2.3) 12.2 (3.0) 12.2 (2.8) 13.0 (4.0) 13:1.63.6)
Nylon 5.4 (1.7) 6.4 (1.7) 7.4 (1.4) 1A02:3) 7.9 (1.4)

Measurements were averaged over the four different kilovoltages at which these segments were filmed.
Therefore, the standard deviation, (shown in parentheses), is a measure for the influence of the quality
(kV) of the x-ray radiation on the image gradient.

20
—— ® wd
'_ /
.
w 15 o
Q T pu
< o e - P————-__—__.
% _——— 8 §- PV
O 10 A -
L o- —9 nylon
LJ /
x
w2 3
>
<
0 - , . . —
370 185 92.5 water air
mg |/cc mg |l /cc mg |l/cc
MEDIUM

Fig. 5. Average brightness gradient at the detected contour positions for the four catheter
materials as a function of the filling of the catheter. Each measurement point represents the

mean value of four measurements of the catheter at four different qualities (kV-level) of the x-
ray radiation.

ness gradient increases with decreasing x-ray absorption coefficient of the filling of
the catheter.

The standard deviations of the measurements listed in Table IV are a measure for
the influence of the quality of the x-ray radiation (kV-level x-ray source) on the
gradient level. It is apparent that two conclusions may be drawn: 1) for the woven
dacron, polyvinylchloride, and polyurethane catheters, the standard deviations in-
crease with decreasing x-ray absorption coefficients for the contrast-filled catheters:

and 2) for all four materials the highest values of the variations are measured for the
water- and air-filled catheters.

DISCUSSION

To evaluate the efficacy of modern therapeutic procedures in the catheterization
laboratory [9-11], the effects of vasoactive drugs [12,13], as well as the effects of
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short- and long-term interventions on the regression or progression of coronary artery
disease [14], absolute coronary artery dimensions must be assessed from the repeat
coronary cineangiograms with high accuracy [6]. Moreover, it has been shown
recently that the minimal cross-sectional area of an individual coronary obstruction is
the best predictor of its physiological significance [15,16]. To this end, a calibration
procedure must be available to assess these absolute values from the analyzed cine-
frames. For these purposes, the size of the contrast catheter visible in these Images 1s
used most frequently. Strictly speaking, the calibration factor computed from a single
view 1s only applicable for objects in the plane of the analyzed catheter segment
parallel to the image intensifier input screen. The change in magnification for two
objects located at different points along the x-ray beam axis is about 1.5% for each
centimeter that separates the objects axially with the commonly used focus-image
intensifier distances. For coronary segments lying in other planes, corrections to the
calibration factor can be determined from two views, preferably but not necessarily
orthogonal to each other. However, if one is only interested in the changes in sizes of
coronary segments as a result of long- or short-term interventions, good results can
be achieved from single plane views. For these situations one must make sure that for
the repeat angiogram the x-ray system is positioned in exactly the same geometry as
during the first angiogram. This requires registration of the angles and height levels
of the x-ray system. Although the calibration factor used for a particular segment is
then only an approximation of the true calibration factor, the same systematic error
will be present for the first and the repeat angiogram.

It has been our experience that the size of the catheter as specified by the manufac-
turer often deviates from the true size, especially for disposable catheters. If the
manufacturer cannot guarantee narrow ranges for the size of the catheter, e. o
0.05 F, it should be measured following the catheterization with a micrometer. For a
5.5F tip of a Sones catheter, a deviation by 0.05 F will result in an error in the
computed calibration factor by 0.9%.

For a coronary contrast catheter to be acceptable for quantitative coronary angio-
graphic studies, it must fulfill a number of criteria:

l. The standard deviation of a series of measurements as performed in this study,
that 1s, with different fillings of the contrast catheter and filmed with different x-ray
qualities, must be lower than a certain absolute threshold, for example 0.03 mm,
being 0.1 F.

2. The lowest image contrast measured during such an evaluation study must be
higher than a certain threshold.

3. The average gradient measured during the evaluation study must be above a
lower threshold value.

The following critique must be made with respect to the three points mentioned
above.

Concerning point 1. It is possible that the evaluation study for a given catheter
shows that the standard deviation of the measurements is equal to or below the
threshold of 0.03 mm, but that a systematic error is observed in the mean values of
these measurements. The polyvinylchloride and polyurethane catheters used in this
study show such a response. If this is the case, then the systematic error may be
corrected for in the coronary analysis software package for this given type of catheter.
This means that such correction factors must be available for the different types of
catheters to be used in a quantitative coronary angiographic study.
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Concerning point 2. In this comparative study on the image quality of different
catheter materials, the measured image quality has been computed in terms of
digitized brightness levels. It will be clear that such values are dependent on the
illumination of the analyzed cineframes. The four catheter segments used in this study
were analyzed under identical levels of image illumination. However, a general
applicable threshold level for the image quality cannot be derived from our data. A
better measure would be to describe the image quality of a catheter segment in terms
of absolute optical density differences in the cineframes, requiring a densitometric
analysis of the cinefilm.

Such techniques are under development in our center. For these purposes we have
designed a cinefilm-sensitometer that allows the exposure of the first 21 frames of a
cinefilm with a light source having the same color temperature as the output screen
of the image intensifier. These calibration frames are exposed according to an
exponential function:

E(p) = k.(v2)™"

photographically simultaneously with the rest of the coronary cineangiogram, so that
the film development process is identical for both the calibration frames and the
clinical or experimental cineframes. As a first step of the analysis procedure for one
or more cineframes of a given cinefilm, these calibration frames are digitized and
stored in the computer. On the basis of these calibration data, for each point in a
coronary or catheter cineframe the absolute density level can be computed from the
measured brightness level, under the restriction that the illumination of the cinefilm
remains constant over the calibration and analysis periods.

Concerning point 3. Similarly as described under point 2, the average gradient
levels in this study are not generally applicable for the purpose of defining a threshold
level. However, as soon as the measurements can be described in terms of absolute
density levels, an absolute threshold level can be defined.

On the basis of our evaluation data, we may conclude that the woven dacron is
most suitable for quantitative coronary angiographic studies. The polyvinylchloride
and polyurethane catheters perform about equally well, but slightly less than the
woven dacron catheter. The nylon catheter should not be used for these studies.

with n being the frame sequence number (0 < n < 20). These frames are processed
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