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AABBSS  TTRRAACCTT  In this paper, we present a simple method for the 3D reconstruction and visualization
of coronary arteries in angiography. We developed an algorithm to manually select vessel borders
around the stenotic region. We select twenty cross sections around problematic region. Cross sec-
tion points are used for 3D reconstruction. In 3D, each cross section defines a circle with a diame-
ter of the length of the cross section and origin at the midpoint of two cross section corners. Relative
information about a vessel diameter can be known from circle diameters around corresponding re-
gion. Therefore, obtained circles are used for visualizing the change in vessel diameter along the se-
lected part of the vessel. Creating tubular structure by joining these circles in 3D was realized by a
Matlab program. Created tubular structure represents the final 3D reconstruction of blood vessel.
We applied selection and 3D visualization procedure for two images which belong before and after
percutaneous coronary intervention. As shown in the result, the coronary artery was successfully
reconstructed in 3D from angiography images.

KKeeyy  WWoorrddss::  Coronary stenosis; coronary vessels

ÖÖZZEETT  Bu çalışmada, anjiyografi görüntülerini kullanarak koroner arterlerin üç boyutlu biçime
dönüştürülmesi ve görüntülenmesine yönelik basit bir metod sunmaktayız. Stenoz bölgesindeki
damar çeperlerini manuel olarak seçmek için bir algoritma geliştirdik. Problemli bölge etrafında
yirmi adet kesit seçtik. Kesitleri oluşturan noktalar üç boyutlu görüntü meydana getirilmesi için
kullanıldılar. Oluşturulan her kesit üç boyutta çapı kesit boyu kadar olan, merkezi de kesitin iki köşe
noktasının orta kısmına denk gelen bir çembere karşılık gelecektir. Bir damar çapı hakkındaki bilgi
göreceli olarak karşı gelen bölge civarındaki çember çaplarından bilinebilir. Böylece elde edilen
çemberler kullanılarak seçilen damar kısmı boyunca çap değişiklikleri görsel olarak elde edilebilir.
Üç boyutta bu çemberlerin birleşimi ile tüp yapısının oluşturulması bir Matlab yazılımı ile
gerçekleştirilmiştir. Oluşturulan tüp yapısı kan damarının, sonuç olarak elde edilen, üç boyutlu
temsilidir. Damar çeperi seçilmesi ve damarın üç boyutta görüntülenmesi işlemlerini perkütan
koroner girişim öncesi ve sonrasına ait iki görüntü için uyguladık. Sonuçlarda görüldüğü gibi,
anjiyografi görüntülerinden yararlanılarak üç boyutlu koroner arter rekonstrüksiyonu başarılı bir
şekilde gerçekleştirilmiştir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Koroner arter stenozu; koroner damarlar
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c cu ra te as sess ment of co ro nary ar tery ana tomy is the most im por-
tant for co ro nary ar tery di se a se. An gi og raphy, so me ul tra so und,
com pu ted to mog raphy (CT) and mag ne tic re so nan ce ima ging

(MRI) tech ni qu es are used car di o logy prac ti ce for as ses sing ar te ri al mor-
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FIGURE 1A: Right coronary artery angiographic image of pre-percutaneous
coronary intervention (pre-PCI)

FIGURE 1B: Right coronary artery angiographic image of post-percutaneous
coronary intervention (post-PCI).

p ho logy.1-6 Co ro nary an gi og raphy is an X-ray ex-
a mi na ti on of the blo od ves sels. It shows the co ro -
nary ar tery in a two di men si o nal (2D) way.
Alt ho ugh 2D co ro nary ima ges co uldn’t gi ve com-
p le te in for ma ti on of ar te ri es and le si ons, 3D re-
cons truc ti on sho uld be used. He re in, we re port
the ca se of a 65-ye ar-old man who pre sen ted with
chest pa in and who was tre a ted at co ro nary ca re
unit with the fi nal di ag no sis of right co ro nary ar-
tery ste no sis de tec ted by con ven ti o nal co ro nary
an gi og raphy. Then we pre sent a simply met hod
for the 3D re cons truc ti on and vi su a li za ti on of co -
ro nary ar te ri es in an gi og raphy.

MATERIAL AND METHODS
A 65-ye ar-old man with a past his tory of myo car -
di al in farc ti on (7 days be fo re), hyper li pi de mi a and
hyper ten si on was ad mit ted for eva lu a ti on of his
chest pa in. His ini ti al blo od pres su re and he art ra -
te we re 130/80 mmHg and 78/min, res pec ti vely.
Res pi ra tory ra te was 16/min. Fo urth he art so und
was cle arly au dib le. An elec tro car di og ram (ECG)
on ad mis si on was po or R-wa ve prog res si on and T
wa ve ne ga ti ve in the in fe ri or le ads (DI I, DI I I, aVF).
The pa ti ent was trans fer red to the co ro nary ca re
unit and he was tre a ted with nit rogl yce rin, dil ti a -
zem, as pi rin, and he pa rin. The symptoms comp le -
tely re sol ved wit hin 45 mi nu te. Trans tho ra cic
ec ho car di og raphy per for med mild hypo ki ne sis of

the in fe ri or wall, with a cal cu la ted ejec ti on frac ti -
on of 0.50. Chest X-ray sho wed no ab nor ma lity.
Co ro nary an gi og raphy per for med on the 2nd day
of hos pi ta li za ti on. At the pro jec ti on of left an te ri -
or ob li qu e (LA O) a sig ni fi cant ste no sis (80%) in the
se cond seg ment of the right co ro nary ar tery (RCA)
was cle arly iden ti fi ed (Fi gu re 1a). In the me an ti -
me, a ba re stent was imp lan ted suc cess fully (Fi gu -
re 1b). TI MI 3 flow was ac hi e ved fi nally wit ho ut
pro ce du ral comp li ca ti ons. The pa ti ent was disc -
har ged 3 days af ter ad mis si on on pres cri bed as pi -
rin and clo pi deg rel was sug ges ted for at le ast 6
months. One month la ter, he per for med an exer ci -
se stress test suc cess fully, with no evi den ce of isc -
he mi a.

3D RE CONS TRUC TION PRO CE DU RE

Writ ten in for med con sent was ob ta i ned from the
sub ject. This study des cri bes a simp le met hod for
the 3D re cons truc ti on of co ro nary ar te ri es. Two
an gi og raph ima ges [be fo re and af ter per cu ta ne o us
co ro nary in ter ven ti on (PCI)] which be long to sa me
pa ti ent we re used in this re port (Fi gu re 1a, 1b). We
de ve lo ped an al go rithm to ma nu ally se lect ves sel
bor ders aro und the ste no tic re gi on. Ma nu al bor der
de ter mi na ti on was do ne un der the con trol of a car-
di o logy ex pert. We se lect forty po ints to de ter mi -
ne twenty cross sec ti ons (two po ints for one cross
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sec ti on) aro und prob le ma tic re gi on. This part of the
pro cess is shown in Fi gu res 2a, 2b.

Se lec ted cross sec ti on po ints gi ve us thre e
types of in for ma ti on: (i) re la ti ve po si ti on ac cor ding
to first se lec ted cross sec ti on, (ii) di a me ter in for -
ma ti on of ves sel, (ii i) di rec ti on in for ma ti on of ves-
sel. Midd le po ints of cross sec ti ons gi ve us the
in for ma ti on for re la ti ve po si ti on. They are cal cu la -
ted by the for mu la:

Each di a me ter (rn) is cal cu la ted from lengths
of cross po ints by Euc li di an dis tan ce in two di men-
si o nal spa ce,

Di rec ti on is slo pe of the li ne bet we en two con-
se cu ti ve midd le po ints. It is de fi ned by the for mu -
la:

Cross sec ti on po ints are used for 3D re cons -
truc ti on. In thre e di men si ons, each cross sec ti on
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FIGURE 2A: Selected cross sections of angiographic image of pre-percuta-
neous coronary intervention (pre-PCI). For each cross section, two points
were used. (Zoomed and cropped for better view)

FIGURE 2B: Selected cross sections of angiographic image of post-percu-
taneous coronary intervention (post-PCI). For each cross section, two points
were used. (Zoomed and cropped for better view).

�
�

��

��� �

� � �� � � � � � � ���

���	
�������������������������������������������
���

�����������
��������������

�����������������������������
����������	�� ���
���� ��������� ��������
����������  ����������!�"	�	��
������������� ���#� ���� �	��� ����
���������
��
�	��
��
���$�����������������
���
���������	��������������������������
�
�
�
�
�
�

�

�%�������

���������
�

��%���%��
�

�%%��%%��
�

���������
�

�%���%���

���������
�

�%���%���
�

��%���%��
�

�%%��%%��
�

��������
�

�%���%���
�

�
�

��

��� �

� � �� � � � � � � ���

���	
�������������������������������������������
���

�����������
��������������

�����������������������������
����������	�� ���
���� ��������� ��������
����������  ����������!�"	�	��
������������� ���#� ���� �	��� ����
���������
��
�	��
��
���$�����������������
���
���������	��������������������������
�
�
�
�
�
�

�

�%�������
�

���������
�

��%���%��
�

�%%��%%��
�

���������
�

�%���%���
�

���������
�

�%���%���
�

��%���%��
�

�%%��%%��
�

��������
�

�%���%���

FIGURE 3A: Selected points (xmn and ymn) and their corresponding cross
sections. Arrows between middle points of two consecutive cross sections
state direction of vessel. 

FIGURE 3B: 3b. 3D Tubular plotting of (a), the tube is created by circular
cross-sections which were created by using the points in (a).
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de fi nes a circ le whom cen ter po int is midd le po int
of cross sec ti on and ra di us is half of cross sec ti ons
length. Jo i ning 3D circ les cre a tes a tu be. A simp le

IM=imread('vessel.png');

IM=double(IM);

[H W]=size(IM);

imagesc(IM);colormap(gray(256));

q=0;

inp=input('will you select points?=');

if(inp)   % manual point selection

for i=1:q

plot(x1(i),y1(i),'r+');

plot(x2(i),y2(i),'r+');

line([x1(i) x2(i)],[y1(i) y2(i)]);

end

while 1

hold on;

[n1X n1Y b]=ginput(1)

if(b==27)

break;

end

n1X=fix(n1X);

n1Y=fix(n1Y);

plot(n1X,n1Y,'r+');

[n2X n2Y]=ginput(1);

n2X=fix(n2X);

n2Y=fix(n2Y);

plot(n2X,n2Y,'r+');

line([n1X n2X],[n1Y n2Y]);

q=q+1

x1(q)=n1X;

x2(q)=n2X;

y1(q)=n1Y;

y2(q)=n2Y;

r(q)=sqrt((n2X-n1X)^2+(n2Y-n1Y)^2)/2;

end

save crs x1,y1,x2,y2,r,q

end

load crs x1,y1,x2,y2,r,q;

close all;

%% 3D reconstruction

figure; 

x=((x1+x2)/2-(x1(1)+x2(1))/2)/10;

y=((y1+y2)/2-(y1(1)+y2(1))/2)/10;

z=linspace(0,0,q);

[X,Y,Z]=tubeplot(x,y,z,r,linspace(0,0,q),20,[0 0 1]);

cmap=[zeros(256,1)+1  zeros(256,1)+0.5 zeros(256,1)+0.3];

surf(X,Y,Z,'FaceColor','flat','FaceLighting','phong'); colormap(cmap);

shading flat; axis equal.

TABLE 1: Proposed 3D reconstruction algorithm in 
Matlab code. 
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FIGURE 4: Block diagram of the proposed algorithm. Algorithm allows the
user to select the points by the “mouse clicks” and asks questions to the user
at some points, interactively.  
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3D plot for this pro ce du re is gi ven in Fi gu re 3a, 3b.
This tu bu lar struc tu re rep re sents fi nal 3D re cons -
truc ti on of blo od ves sel. Jo i ning circ les and cre a -
ting 3D tu be mesh po ints was do ne by a fre ely
ava i lab le Mat lab® co de.  

Our al go rithm is gi ven be low (Tab le 1). This
al go rithm is a com pu ter prog ram me that be long
us. It is writ ten and run in Mat lab 7.0 ®. It first
asks user whet her (s)he will se lect cross sec ti on po -
ints or use po ints sa ved be fo re. In ma nu al se lec ti -
on ope ra ti on, user can cre a te any num ber of cross

sec ti ons till ‘esc’ key pres sed from key bo ard. Po -
int po si ti ons (‘x1’ ‘y1’ ‘x2’ ‘y2’ in co de) and di a me -
ters (‘r’ in co de) are sa ved to use la ter. The
pro po sed al go rithm was shown as a block di ag ram
in Figure 4.  

RESULTS
Fi gu res 1a and 1b are an gi og raphs of a pa ti ent be-
fo re and af ter PCI. Nar ro wing of the ar tery is sta -
ted in Fi gu re 1a un der the ar row. Ma nu ally
se lec ted po ints and cor res pon ding cross sec ti ons for
pre-PCI and post-PCI are se en on Fi gu res 2a and
2b. In or der to show the re sult of PCI ope ra ti on in
a two di men si o nal plot, di a me ters of se lec ted cross
sec ti ons we re cal cu la ted and plot ted in the sa me
graph (Fi gu re 5). Di a me ter in for ma ti on is re la ti ve
ac cor ding to ma xi mum di a me ter va lu e and gi ves
in for ma ti on of length in per cen ta ge. So, the va lu es
can chan ge bet we en ze ro and a hun dred. Fi gu res
6a and 6b gi ve a lo ok thro ugh proxi mal lu mens in
or der to show the length from in si de of ves sels. Fi -
nal re sult of 3D re cons truc ti on is gi ven in Fi gu res
7a and 7b. 3D ob ject is ro ta ted in or der to gi ve a lo -
ok from dis tal or prok si mal re gi on.

DISCUSSION

In this study, an al go rithm for 3D re cons truc ti on
of blo od ves sels is pre sen ted. We de ci ded to de ter -
mi ne ves sel bor der ma nu ally. Au to ma tic seg men -
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FIGURE 5: Relative diameter of pre-PCI (dashed line) and post-PCI (solid
line).  Here, maximum diameter value of vessel was selected 100 % and other
relative diameter values were found by determining the ratios between any di-
ameter and maximum diameter value.
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FIGURE 6A: View from lumen of right coronary artery before PCI. FIGURE 6B: View from lumen of right coronary artery after PCI.
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FIGURE 7A: 3D reconstruction of pre-percutaneous coronary intervention
(pre-PCI) 
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FIGURE 7B: 3D reconstruction of  post-percutaneous coronary intervention
(post-PCI).

ta ti on of ves sel is a chal len ging prob lem and can
gi ve un re li ab le re sults du e to er rors in ori en ta ti on
(ang le, trans la ti on, etc.) which re sults in sig ni fi cant
ar te facts such as stre a king and blur ring. The re fo re,
we only want to show the eli mi na ti on of ste no sis
vi su ally, it is not a must for us to de ve lop an au to -
ma tic seg men ta ti on al go rithm.7 Al so be ca u se of be -
ing ma nu al, this work may be used as a gro und
truth for au to ma tic ves sel re cons truc ti on al go -
rithm. In this work we as su med that third di men -
si on (depth) is not con si de rably chan ging for this
part of ar tery so we used an gi og rap hic ima ges
which be long to only one pers pec ti ve (RCA for
LA O po si ti on). This as sump ti on gi ves us qu i te com-
fort be ca u se ma nu al se lec ti on of cross sec ti ons wo -
uldn’t be so con ve ni ent if the re we re mo re
an gi og rap hic ima ges. Al so using only one pers pec -

ti ve ma de us to as su me that ves sels cross sec ti on is
al ways cir cu lar. Whi le the se as sump ti ons ga ve us
prac ti ca lity, re sult 3D ima ges emp ha si zed the ef-
fect of PCI suc cess fully. 

In conc lu si ons, the pro po sed met hod ma kes
easy to un ders tand tech ni cal ba ses of MRI or mul -
ti sli ce CT analy sis as well as enab le us to eva lu a te
two di men si o nal ima ges as thre e di men si o nal im-
a ges. The user can be ne fit from the met hod fre ely
and prac ti cally.  Met hod in cre a ses vi su al qu a lity
es pe ci ally for edu ca ti o nal pur po ses. Al so, the met -
hod is im por tant for car di o lo gists and sur ge ons be-
ca u se of supp lying thre e-di men si o nal ima ge of the
ves sel and the le si on. In or der to dis tri bu te, it re-
qu i res a simp le ins tal la ti on and short edu ca ti on
pro ce du re.
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