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In this paper a new method for road mapping for cardiac catheterization cine loops was 
introduced. The method depends on detecting the edges of the coronary vessels after the dye 
injection during the Catheterization operation and drawing a road map for the vessels so 
that the angiographer can navigate through these drawn paths with his catheter under 
fluoroscopy X-ray exposure. Canny technique was used to detect the edges of these gray 

scale high-resolution images. It was used to detect the vessel edges due to its high level of 
detection for this kind of images. The method will estimate and track the heart motion 
during the operation and draw the road map in a real time dynamic way. The road map will 
be superimposed over the same fluoroscopy monitor so that the angiographer can navigate 
with the catheter through the detected coronary artery without any need for another 
monitor for road map. This method will offer X-ray dose limitation for the patient, easy 
manipulation in PTCA operations for inserting stents and balloons in coronary vessels. 

تقدم فى هذا البحث طريقة جديدة لعمل خريطة طريق لأفلامم القطلاطرة القيبيلاةع تعتملاد هلاذر الطريقلاة ديلاى تحديلاد حلاةاا ااةديلاة الت جيلاة 
دقب حقن الصلابةة انالا ع دمييلاة القطلاطرة ةرطلام خريطلاة طريلاق لعلاذر الأةديلاة تم لان المخلات  ملان اابحلا ر دبلار المطلا را  المرطلاةمة 

ياية الفيةرةطلالا ةبيةع اطلالاتخدم  طريقلالاة   اتتلالاتى لتحديلالاد حلالاةاا الصلالاةر الةيلالار ميةالالاة الع ليلالاة الدطلالاةع بةاطلالاطة ططلالاطرتت تحلالا  ااسلالاعة الطلالا
تتابلا  ةتتتبلاه هلاذر الطريقلاة حر لاة القيلاب انالا ع دمييلاة  اطتخدم  هذر الطريقة اظرا لجةدتعلا  الع ليلاة فلاى تحديلاد هلاذر الاةديلاة ملان الصلاةرع

ة فى الةطلا  الحقيقلاىع خريطلاة الطريلاق هلاذر  طلاةا ت لاةن متط بقلاة ديلاى افلا  القططرة ةترطم خريطة الطرق للأةدية بطريقة ديا مي ي
الصةرة الظ هرة ديى س سة الفيةرةط ةبى مم  يم ن طبيب القيب من الأبح ر بقططرتت خلامل السلاري ن التلا جى اللاذ  تلام تحديلادر بلادةن 

  تطلاعل المالا ةرة دالاد ادخلا ل الب لةالا   أة الح جة لس سة أخر   لخريطة الطرقع تةفر هذر الطريقلاة تقييلال جردلاة ااسلاعة ليملاري   ملا
 الدد م   فى دميي   القططرة العمجية التةطيعيةع
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1. Introduction 
 

Coronary angiography procedures have 

grown into a safe and widely practiced 

component of cardiac catheterization. It is 

estimated that more than 300,000 coronary 
angiographic procedures are performed every 

year in the United States. In each procedure, 

the objective is to examine the entire coronary 

tree, recording details of the coronary anat-

omy, including individual variations in arterial 

distributions, anatomical or functional 
pathology (artherosclerosis, thrombosis, con-

genital anomalies or artery stenosis). The 

vessels are viewed by repeated dye injections 

in a series of angulated views under X-ray. 

The dye appears under X-ray with a dark 
color, so the vessels while filled with injected 

dye appears in a gray level darker than other 

parts of the image. In angiography procedures 

the patient has to be connected with ECG 

leads and an intravenous line for administer-
ing drugs like heparin or atropine and placed 

on the X-ray catheterization Lab tabletop 

under local anesthesia. An introducing sheath 

is placed over a guide wire and then the 

catheter is advanced through this sheath. The 
catheterization is performed usually via 

femoral, brachial or auxiliary artery [1]. 

The catheter is advanced through the 

femoral artery until it reaches the coronary 

vessels. The catheter tip pressure should be 

monitored all the time during the procedure. 
Fall in overall catheter tip pressure indicates 

restriction of coronary inflow due to the 

insertion of the catheter tip into a proximal 

coronary stenosis or to an adverse catheter lie 

against the coronary wall. During the catheter 
insertion through coronary arteries under the 

fluoroscopy X-ray the vessels edges cannot be 

seen due to its radio opaque properties. This 

means that if the catheter tip or the guide wire 
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faces a bifurcation or trifurcation vessels or a 

vessel branches, the angiographer will not 

know where to direct his catheter. So for 
analyzing the situation further, the angiogra-

pher has to use a small dye injections through 

the catheter into the coronary artery followed 

immediately by the catheter tip. This results 

in a clearer image for the coronary arteries 

branches following the catheter tip because it 
is already filled with dye which is a radio 

opaque to X-ray, which means that it will ap-

pears in a dark gray level other than the 

remaining part of the image. On the other 

hand, this injection will result in a damped 
pressure waveform that may result in 

ischemia and arrhythmias due to the lack of 

oxygen delivery to the myocardium and in a 

direct myocardium toxicity of the hypertonic 

contrast agent and also the allergic reaction 

for some patients especially with ionic 
contrast agent. 

The main coronary trunks can be consid-

ered to lie in one of two orthogonal planes. The 

anterior descending and the posterior de-

scending coronary arteries lie in the plane of 
the inter-ventricular septum, and the right 

and circumflex coronary trunks lie in the 

plane of the Atrio-Ventricular (AV) valves. In 

the 60-degree Left Anterior Oblique (LAO) 

projection, one is looking down the plane of 

the inter-ventricular septum, with the plane of 
the AV valves in the 30-degree Right Anterior 

Oblique (RAO) projection [2]. 

 

2. The canny edge detctor 
 

Edge detection is the most common 

approach for detecting meaningful disconti-

nuities in gray level with the use of masks. 

Numerous masks have been proposed over the 

years: Roberts [3] and Perwitt and Sobel [3], 

Frei and Chen [4], and Canny [5, 6]. A review 
article by Fram and Deutsch [7] contains 

numerous masks and an evaluation of their 

performance. Since then several studies have 

been done on the issue of mask performance 

for edge detection [8- 10]. 
Traditionally, edge detection is imple-

mented by convolving the image data with 

some form of linear filter usually a filter that 

approximates a first or second derivative 

operator. An odd symmetric filter will approxi-

mate a first derivative, and peaks in the 

convolution output will correspond to edges 

(luminance discontinuities) in the image. An 
even symmetric filter will approximate a 

second derivative operator. Zero-crossings in 

the output of convolution with an even 

symmetric filter will correspond to edges; 

maxima in the output of this operator will 

correspond to tangent discontinuities, often 
referred to as lines, or bars. 

In our study, we used the Canny 

technique [5, 6] to detect the vessel edges. The 

Canny edge detector is the current standard 

edge detection scheme widely used around the 

world. Canny treated edge detection as a 
signal-processing problem and aimed to 

design the `optimal' edge detector. He formally 

specified an objective function to be optimized 

and used this to design the operator [5]. 

The objective function has been designed 
to achieve the following optimization 

constraints: 

 Maximize the signal to noise ratio to give 
good detection. This favors the marking of true 

positives. 

 Achieve good localization to accurately 
mark edges. 

 Minimize the number of responses to a 
single edge. This favors the identification of 
true negatives, that is, non-edges are not 

marked. 

Considering the Gaussian function in one 

dimension, this may be expressed as: 
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and the second derivative is: 
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Now consider an ideal step edge. When 

convolved with a Gaussian function the profile 

looks like the  leftmost  sketch  of   fig. 2.  The  
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Fig. 1. The Gaussian function, first and second 

derivatives. 

 

 

 

 

 
 

 
Fig. 2. First and second derivatives for an edge. 

 

next sketches show the first and second 

derivatives  where a peak and a  zero crossing 

respectively mark the presence and location of 

the edge[6]. 
In fact, the first derivative of the image 

function convolved with a Gaussian can be 

written as, 

 

 ( , ) ( , ) ( , )g x y D G x y f x y  ,     (4) 

 

 ( , ) ( , ) ( , )g x y D G x y f x y  .     (5) 

 

Canny edge detection can be done by the 

following stages [5]: 
Stage one - image smoothing: The image data 

is smoothed by a two dimensional Gaussian 

function of width specified by a user 
parameter. In practice, two dimensional 

convolution with large Gaussians takes a long 

time, so that in practice it is common to 

approximate this by two one dimensional 

Gaussians, one aligned with the x-axis, the 
other with the y axis. This produces two 

(rather than one) values at each pixel. 
Stage two – differentiation: Assuming two-

dimensional convolution at stage1, the 

smoothed image data is differentiated with 
respect to the x and y directions. It is possible 

to compute the gradient of the smooth surface 
of the convolved image function in any 

direction from the known gradient in any two 

directions. 

Assuming the one dimensional approxima-
tion at stage one, then the values in the x-

smoothed image array are convolved with a 

first derivative of a one dimensional Gaussian 

of identical  aligned with y. Similarly, values 

in the y-smoothed image array are convolved 

with a first derivative of a one dimensional 

Gaussian of identical  aligned with x. 

From the computed x and y gradient 

values, the magnitude and angle of the slope 

can be calculated from the hypotenuse and 

arctangent in a similar manner to the Sobel 

operator. 
Stage three - non-maximum suppression: 
Having found the rate of intensity change at 

each point in the image, edges must now be 

placed at the points of maxima; or rather non-

maxima must be suppressed. A local maxi-

mum occurs at a peak in the gradient 

function, or alternatively where the derivative 
of the gradient function is set to zero. 

However, in this case the suppression of non-

maxima points perpendicular to the edge 

direction, rather than parallel to (along) the 

edge direction will be the target, since 
continuity of edge strength along an extended 

contour is expected [3]. 

Rather than perform an explicit differentia-

tion perpendicular to each edge, another ap-

proximation is often used. Each pixel in turn 

forms the center of a nine-pixel neighborhood. 
By interpolation of the surrounding discrete 

grid values, the gradient magnitudes are 

calculated at the neighborhood boundary in 

both directions perpendicular to the center 

pixel. If the pixel under consideration is not 
greater than these two values (i.e. non-maxi-

mum), it is suppressed. 
Stage four - edge thresholding: The thresholder 

used in the Canny operator uses a method 

called "hysteresis" [5]. Most thresholders used 

a single threshold limit, which means if the 
edge values fluctuate above and below this 

value the line will appear broken (commonly 

referred to as ``streaking''). Hysteresis 

counters streaking by setting an upper and 

lower edge value limit. Considering a line 

segment, if a value lies above the upper 
threshold limit it is immediately accepted. If 

the value lies below the low threshold it is 

immediately rejected. Points that lie between 

the two limits are accepted if they are con-

nected to pixels that exhibit strong response. 
The likelihood of streaking is reduced drasti-
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cally since the line segment points must 

fluctuate above the upper limit and below the 

lower limit for streaking to occur. Canny 
recommends the ratio of high to low limit be in 

the range 2:1 or 3:1, based on predicted sig-

nal-to-noise ratios. Canny edge detection 

method was used in our model to detect the 

edges of the coronary vessels due to its high 

degree of edge definition and low streaking ef-
fects. Fig. 3 shows the edge detection of coro-

nary arteries. 

 

3. Road mapping model 
 
3.1. Conventional road mapping 

 

The angiographer in PTCA operations have 

to navigate with the guide wire and catheter 

through the coronary tree inside the patient 

heart until he reaches the lesion that he wants 
to target in order to insert a balloon or a stent 

for angioplasty. Since the vessels in the X-ray 

images cannot appear without dye injection 

inside it, the angiographer has to inject re-

peated injections to view the way of the cathe-
ter that he routes. 
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(b) 
Fig. 3. A coronary map image with canny edge detected 
vessels (a) original image, (b) image with edge detection. 

The dye injected acts as the light that 

guides the angiographer to view his road. 

Once the dye is injected the road map begins 
to be clear and the angiographer moves his 

set. The main problem is that the dye effect 

cannot last for a long time since the dye fades 

quickly after the start of injection. Vessels 

filled with dye more than a few seconds can 

lead to asystole or cardiac arrest since the dye 
replaces the blood inside the vessels. 

When the guide wire reaches the area of 

interest, a view with injected dye should be re-

corded on the memory of the cath lab machine 

as a still image. This road map image is dis-
played on a second monitor called roadmap 

monitor. This road map image will be the 

guide for the angiographer in order to insert 

his guide wire exactly inside the diseased ves-

sel where he views the online insertion of the 

guide wire on the main screen while viewing 
the road map on the road map monitor. 

This conventional technique has the 

following disadvantages: 

1. A lot of dye injections to view the road map. 

2. Difficult navigation. 
3. The angiographer has to view two monitors. 

4. Time Consuming procedure. 
 
3.2. Online road mapping model 

 

In this system a medical grade frame 
grabber PCI card is used(Imagraph I-series 

from Forsight imaging) to record the image 

sequences from the cath lab machine. 

With 512x512 image size and 25 frame/ 

sec. The image sequences or cine loops are 
grabbed from the video signal supplied to the 

main monitor to a P4 1.6 GHz 512 RAM Com-

paq EVO. 

The cath lab machine used to grab the 

cine loops is a Toshiba Infinix CX machine. 

The studies are recorded online with the X-ray 
exposure by using a TTL trigger to control the 

beginning and the end of the cine loop re-

cording. 

An ECG module (Mindray Ltd.) is used to 

monitor the ECG for the patient linked with 
the road map system. Heart motion during re-

cording affects the cine loops behavior where 

the vessels move along with the heart contrac-

tion in a cyclic motion repeated every cardiac 

cycle. The system begins with recording the 

(a) 
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cine loop when receiving the cine trigger from 
the cath lab at tdn at the moment the angiogra-

pher approach the area of interest with the 

guide wire. 
The right image in fig. 4 shows the com-

plete filling of the coronaries with the dye 

where a stenotic lesion appears in the middle 

that has to be cured by inserting a stent 

inside this lesion to clear this stenosis and 
represents the conventional road map image 

that should be viewed on the road map 

monitor to be a guide for the angiographer to 

insert the stent inside the lesion. 

The system begins to draw road map edge 

detected views for all the frames starting from 
the first complete dye filled frame id0 till at 

least a complete cardiac cycle keeping that the 
last frame idn should be also completely filled. 

The detection is done as stated before by 

using Canny edge detector with low threshold 

of 0.012 and high threshold of 0.12 and  =1 
for the smoothing Gaussian filter. 
n  is the number of complete dye filled 

frames, 
td0  is the time of first dye filled recorded 

frame, 
tdn  is the time of last dye filled recorded 

frame, and 
T is the cardiac cycle time. 

Once the detected frames (roadmap) that 
have been calculated in m cardiac cycles, we 

begin to display this road map in a light white 

color superimposed over the main monitor of 

the cath machine with the ability to fade the 

road map color to allow a clearer view for the 
original diseased coronaries. 

The main problem is how to synchronize 

the display of the detected road map with the 

online fluoroscopy screening. This is done 

with the aid of the ECG synchronization where 

the road map is super imposed at 

0d0road t  t  mT  t   where m is determined 

according to system speed and performance. 
In this model m=2 is used which means that 

the system begins displaying the roadmap 

after two cardiac cycles which is enough for 

the system to calculate the roadmap. 

The system uses another kind of trigger 

called injection trigger that tells the system 
the start time of injection ti0 which is exactly 

before the complete filling. Complete filling 
comes after approximately T/3 where: 

 

 

 
 

 
 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

Fig. 4. The beginning of the recording at the start of 

injection (the catheter tip is clear) and the complete  
filling of coronaries with the dye. 

 

3

T
tt iodo  .         (6) 

 
Time between tdn and troad is called 

processing time that is the time that the 

computer has to finish the processing to begin 

displaying the road map. 
 
3.3. Condition for accurate road mapping 

 

What makes the cardiac cath very difficult 

for road mapping is the complex three-dimen-

sional deformation that occurs during the 
heart contraction and relaxation. In peripheral 

cath (Neuro-angiography or leg angiography) 

injected vessels are almost static and there is 

no motion or contractions. This makes the 

road mapping done by DSA (Digital subtrac-
tion angiography) where the coming frames 

after injection are displayed subtracted. This 

subtracted views let the vessels the only thing 

to appear in the image sequences [11]. 

The following should be done for more 

accurate road mapping: 
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1. Patient physical motion, coughing and up 

normal breathing must be avoided because it 

deforms the coronary views in a random way 
so that the detected views couldn’t affected by 

this noise. 

2. Breath hold could help a lot in obtaining an 

accurate road map sequence since the heart 

motion will be limited. 

3. Dye injections should be sufficient and with 
enough pressure to completely fill the 

coronaries in a short time. 

X-ray dose in the cath lab machine should 

be adjusted to obtain high contrast and high 

SNR to get an accurate edge detected 
sequences. 

4. Results and discussion 

 

The study has been done on a male patient 
in Alexandria University with total occlusion 

LAD 99% stenosis and having severe chest 

pain. A balloon and a stent have been used to 

open this occlusion. 

A total of 113 frames have been recorded. 

It takes about 21 frames for the dye to fill the 
coronaries completely and 37 frames were 

already filled completely. 

At frame number 83, the dye begins to 

fade out till frame number 113 where the dye 

completely disappears. 

 

 
 
 
 

 
 
 
 

Fig. 5. The timing diagram for the road mapping method. 
 

 
(a) 

 
(b) 

 
(c)  

 
(d) 
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(e) 

 
(f) 
 

 
(g) 

 
(h) 

 

 
(i) 

 
( j ) 

                 
Fig. 6. The angiogram sequence used in the model. 

 

6 F 

catheter 
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Timing variable for the model was as 

follows: 
Troad= 2T+ td0 = 2.9 Sec, td0 = 1.26Sec tdn = 2.32 

Sec, T=0.82 Sec (Average Heart rate= 73 

pulse/min). 

28 frames which form a complete 

synchronized cardiac cycle with completely 

filled dye were used to calculate the roadmap 

sequence by Canny method as stated before. 

A number of ten frames shown in fig. 6 to 
show different situations of the injected dye 

from the start of injection as in (a) and (b) till 

the complete filling in (g) through (j). 

The last four frames show the deforma-

tions that occur in the coronary tree due to 
heart contraction and relaxation. 

Fig. 6-i, 6-j show the deformations where 

the angle of a kinky point in the LAD changed 

from 87 deg to 101 deg and the distance from 

a fixed point between the LAD and CX arteries 

changed from 20.2 mm to 26.6 mm. 
All the measurements done were 

calibrated by using the length of the catheter 

that have the length of 6 French (2 mm) and 

was used as a reference to all the 

measurements. 
The road map calculated will be displayed 

at: 
 
Troad= 2T + td0 = 2.9 Sec 

 

5. Conclusions 
 

In this paper a model for dynamic road 

mapping was described, the model draws 

virtual walls for the coronary arteries being 

catheterized where the angiographer has to 

navigate with the guide wire inside the 
boundaries of these walls. These walls mark 

the edges of the boundaries of the vessels. 

This model is very useful since it shortens the 

cath operation and reduces X-ray dose and 

dye injections. 
The system also reduces guide wire 

collisions with the artery wall and dissections 

that may be caused by these collisions. 
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