


éêçãçíçê=W

kÉï=áåëáÖÜíë=ïáíÜ=çéíáÅ~ä=ÅçÜÉêÉåÅÉ=íçãçÖê~éÜó=áå=
Åçêçå~êó=ÄáÑìêÅ~íáçå=äÉëáçåë=íêÉ~íÉÇ=ïáíÜ=íÜÉ=qêóíçå=
~åÇ=`óéÜÉê=ëíÉåí

mêçÑK=ÇêK=m~íêáÅâ=t^dkboI=aêK=gç=aÉåë

qÜÉçÇçêìë=_äçãÉå

=

j~ëíÉêéêçÉÑ=îççêÖÉÇê~ÖÉå=íçí=ÜÉí=ÄÉâçãÉå=î~å=ÇÉ=Öê~~Ç=î~å=
ã~ëíÉê=áå=ÇÉ=ÄáçãÉÇáëÅÜÉ=ïÉíÉåëÅÜ~ééÉå



Contents

Contents................................................................................................................................................2

Abbrevations.........................................................................................................................................3

Abstract.................................................................................................................................................4

Introduction.......................................................................................................................................... 5

Atherosclerosis.................................................................................................................................5

Onset and development............................................................................................................... 5

Plaque instability.........................................................................................................................6

Shear stress in bifurcations.............................................................................................................. 8

Effects of shear stress that promote atherosclerosis ....................................................................8

Treatment of lesions in bifurcations................................................................................................ 9

Bare metal stents......................................................................................................................... 9

Drug eluting stents.................................................................................................................... 10

OCT................................................................................................................................................11

Materials and Methods....................................................................................................................... 13

Study design and endpoints........................................................................................................... 13

Tryton and Cypher Stent................................................................................................................14

OCT............................................................................................................................................... 15

Statistics......................................................................................................................................... 18

Medina Classification.................................................................................................................... 19

Results................................................................................................................................................ 20

In-Vitro results............................................................................................................................... 20

In-Vivo results................................................................................................................................22

Comparison of regions...................................................................................................................24

In Vitro and In Vivo results compared...........................................................................................26

Discussion...........................................................................................................................................28

Conclusion..........................................................................................................................................32

Future............................................................................................................................................. 33

References.......................................................................................................................................... 34



Abbrevations

Bif Bifurcation
BMS Bare Metal Stent
CTZ Central Transition Zone
(L)CX Left Circumflex Artery
CXCR Gαi protein-coupled receptor
DES Drug Eluting Stent
Dist Distal(ly)
EBCT Electron-Beam Computed Tomography
FD OCT Frequency Domain Tomography
IVUS Intravascular Ultrasound
LAD Left Anterior Descending
LDL Low Density Lipoprotein
MMP Matrix Metalloproteinase
MV Main Vessel
MVZ (Proximal) Main Vessel Zone
OCT Optical Coherence Tomography
PCI Percutaneous Coronary Intervention
PIU Probe Interface Unit
Prox Proximal(ly)
QCA Quantitative Coronary Angiography
SB Side Branch
SBZ (Distal) Side Branch Zone
SD Standard Deviation
SLD Superluminescent Diode
SMC Smooth Muscle Cells
TCFA Thin Cap Atheroma
TD OCT Time Domain Optical Coherence Tomography
TF Tissue Factor
VCAM Vascular Cell Adhesion Molecule



Abstract

Aims:

A prospective analysis, to define with optical coherence tomography (OCT) the number of  

malapposed and free floating struts at the neocarina in coronary bifurcated lesions and to compare  

in-vitro and in-vivo data, in a model and coronary bifurcated lesions, using a Tryton and a Cypher  

stent (double stenting technique).

Methods:

In the in-vitro model the Tryton stent was deployed into the side branch followed by deployment of  

a Cypher stent in the main branch. Kissing balloon inflation was performed with a 3.0 and 2.5 mm  

balloon at 16 atmospheres, followed by OCT in the side branch and the main vessel (two  

pullbacks). The same strategy was used in 10 consecutive patients, with a coronary bifurcation  

lesion. The in-vivo balloons were sized according to the vessel diameter. The number of struts with  

malappostion, the number of free floating struts and the correlation in-vivo and in-vitro were  

calculated. 

Results:

At the neocarina, per millimeter pullback, the percentage of malapposed and floating struts, coming 

from the main vessel and side branch respectively, is 9.4-12.9%. Compared to the segments  

proximally (1.8%) and distally (1.8%) to the carina, this difference is significant (p < 0.03). The  

numbers of malapposed and free floating struts in-vivo and in-vitro, at the carinal level, correspond  

well ( R2= 0.44 and 0.98). 

Conclusion:

In-vivo OCT correlates well with the in-vitro model. In a 2 stent technique, malapposition and  

floating struts remain at the neocarina, despite the use of a dedicated bifurcation stent and  

systematic kissing balloon technique at 16 atmospheres.
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Introduction

Atherosclerosis
Atherosclerosis, from the Greek words athere (gruel) and skleros (hard), is the narrowing and  

hardening (loss of flexibility) of the artery walls because of plaque buildup. Plaque is made up of  

low density lipoprotein (LDL), macrophages, smooth muscle cells, platelets, and various other  

substances. By narrowing of the blood vessel lumen it can restrict blood flow. 

Rupture of an atherosclerotic plaque can induce the formation of thrombus (blood clot) which  

subsequently may block blood flow. Such a blood flow block will result in ischemic stroke or heart  

attack. 

Onset and development
Under normal conditions, 

endothelial cells of the arterial 

wall promote fibrinolysis and 

resist adhesion and aggregation of 

leukocytes. When activated by 

stimuli like smoking, 

hypertension, unhealthy diet, 

obesity, diabetes or inflammation,  

the endothelial cells begin to 

express a range of adhesion 

molecules induced by mediators 

such as proinflammatory 

cytokines, angiotensin II and 

oxidized lipoproteins. These  

mediators selectively recruit 

various leukocytes. Blood 

monocytes, which make up the 

biggest part of the inflammatory cells that populate plaques, adhere to the endothelial surface of the  

otherwise not expressed adhesion molecules. Upon monocyte adherence to the activated  

endothelium, proinflammatory proteins called chemokines provide a chemotactic stimulus that  

triggers the monocytes to enter the intima. As they settle in the intima, monocytes mature into  

macrophages. These macrophages display scavenger receptors on their outer membrane that allow  

them to bind to and engulf particles of lipoprotein. The cytoplasm becomes engorged with lipid  

Figure 1: Various stages of atherosclerosis.



particles, which makes the macrophages become foam cells. The macrophages proliferate within the  

intima, sustaining and amplifying the inflammatory process by releasing several growth factors and  

cytokines, including enzymes that degrade the arterial extracellular matrix, like metalloproteinases,  

or MMPs, and the procoagulant tissue factor (TF). [1-4]

In addition to macrophages atherosclerotic plaques also contain a small population of T-

lymphocytes of the adaptive immune response. Although they are less tnumerous than the  

macrophages, they appear to have decisive regulatory roles by instructing the more abundant  

monocytic effectors of the innate immune response. B-lymphocytes seem to have a inhibitory effect  

on atherogenesis, something that is being explored to develop vaccines against atherosclerosis. [5] 

Plaque instability
Most cases of myocardial 

infarction are being caused by the 

rupture of a plaque's fibrous cap  

and its subsequent thrombosis.[6-

7] Inflammation plays a role in 

the fragility of the fibrous cap as 

well as the thrombogenic 

potential. In addition to 

macrophages, T-lymphocytes play 

an important role in the 

inflammatory process leading to  

thrombosis. T-lymphocytes enter 

the intima (by binding VCAM-1 

in response to various 

chemokines. [8-9]These  

chemokines bind to the 

chemokine receptor CXCR3, 

which is expressed on T-

lymphocytes in the plaque. When 

activated in the intima, T-

lymphocytes produce pro-

inflammatory cytokines, including  

the CD40 (commonly found on T-

lymphocytes) ligand, CD154. Ligation of CD40 by CD 154 induces the production of extracellular  

Figure 2: Onset and progress of the atherosclerotic plaque



matrix degrading MMPs, and the potent procoagulant TF [10-11]. TF initiates the coagulation  

cascade, enhancing the thrombogenicity of the plaque's lipid core. Inflammation also influences the  

metabolism of collagen, the key extracellular matrix molecule that supplies strength and stability on  

the fibrous cap. IFN-γ, which is produced by T-lymphocytes in the plaque inhibits production of  

collagen by smooth musle cells [12]. T-lymphocytes also promote collagen degradation indirectly  

by local production of cytokines, including CD40L, which boosts the elaboration of MMPs by  

neighboring macrophages. [10]

Adipose tissue, or body fat, does not only provide a storage depot for fat but can serve as a  

manufacturer of bioactive molecules, these molecules are also known as adipocytokines and they  

include proinflammatory cytokines. [13] Adipose tissue can elaborate numerous modulators of  

inflammation. [14] Visceral adipose tissue that accumulates in the abdomen drains directly through  

the portal circulation to the liver, where the proinflammatory cytokines, IL-6 in particular, modulate  

hepatic protein synthesis by evoking an acute phase response. Some acute phase reactants clearly  

participate in the causal pathway of thrombogenesis and thrombus formation and stability. For  

example, the clotting factor fibrinogen and plasminogen activator inhibitor-1 (PAI-1), an important  

inhibitor of fibrinolysis. [15-16]

When a fibrous cap of the fibroatheroma becomes thinner than 65 microns it is called 'thin cap  

atheroma' (TCFA), which is consedered as a precursor to acute plaque rupture. [17] The majority of  

coronary thrombi are associated with plaque rupture, of which TCFA is generally considered the  

precursor lesion. [18] Although most, if not all plaque ruptures are caused by TCFAs, plaque  

rupture is not the only mechanism of coronary thrombosis. Plaque erosion accounts for a small  

percentage of acute coronary thrombi, particularly frequent in younger patients. The precursor  

lesion of plaque erosion is unknown. [19-21] When a blood vessel is injured, as is the case in  

plaque rupture and plaque erosion, the body uses platelets and fibrin to form a blood clot to prevent  

bleeding. If thrombus fills more than 90% of a vessel lumen blood flow is prevented to such a  

degree that the tissue surrounding the vessel downstream from the clot are depraved of oxygen.  

Which results in infarction.



Shear stress in bifurcations
In the coronary arteries, flow is highly  

pulsatile, experiencing reversing flow 

in systole, and high forward flow in 

diastole. Also, in more than one plane, 

these arteries feature curvature. There  

is a high likelihood of low and 

oscillating wall shear stress, depending 

on the individual geometry. 

Bifurcated lesions are observed in 15-

20% of patients undergoing a percutaneous coronary intervention (PCI). [22]  Coronary bifurcations  

are extraordinary susceptible to atherosclerotic lesions because of the hemodynamic alterations that  

occur at branches in the arterial tree [Figure 3] [Figure 4]. 

Effects of shear stress that promote atherosclerosis
These areas of low-shear stress accelerate artherosclerotic development by modulation of gene  

expression, which includes the promotion of endothelial cell dysfunction, causing increased  

lipoprotein uptake, upregulation of leukocyte adhesion molecules and the transmigration of  

leukocytes through the 

endothelium. All these factors 

contribute to the development 

and progression of 

atherosclerosis. Cheng et al.  

[23] reported that upregulation 

of endothelial nitric oxide 

synthase was observed a high-

shear areas using a cast-

induced increased shear stress 

model in the mouse carotid 

artery. In a later study, Cheng et al. [24] showed elevated gene expressions of interleukin-6, C-

reactive protein, intercellular adhesion molecules, vascular cell adhesion molecules and vascular  

endothelial growth factor in the low-shear area using the same model. This means that shear stress  

plays an important role in early plaque formation as well as its progression. A study by Perktold et  

al. [25] also showed that bifurcation angle variation also plays a central role, namely the larger the  

Figure 4: Flow patterns in the bifurcation. Fluid swirls into each  
of the branches causing spatial variations in wall shear stress.

Figure 3: Flow patterns in the region of a branching  
vessel. When the side branch takes away more than 10%  
of the main vessel flow, causing secondary flow patterns  
and spatial variations in wall shear stress.



angle of bifurcation, the greater the turbulence, the more susceptible of atherosclerotic  

development. There is in fact considerable variability in left main/LAD/Lcx geometries among  

patients. A study by Ding et al. [26] of 17 casts of this bifurcation showed a mean bifurcation angle  

(between LAD and Lcx) of 84.3 degrees, with a standard deviation of 14.2 degrees, and most  

notably, a range from 47.1 degrees to 107.1 degrees. Also, the ratio of the caliber from the proximal  

to the distal or side branch also influenced flow turbulence [27]

Treatment of lesions in bifurcations
The treatment of bifurcated lesions is technically more demanding since there is the risk of side  

branch occlusion and sometimes double stenting techniques are needed. Previous studies have  

shown that the use of 2 bare metal stents  results in an unacceptable high rate of restenosis and  

repeat revascularization. [28] With the use of drug eluting stents (DES), the repeat revascularization  

rates, even with double stenting techniques remain below 6%. The side branch restenosis rate  

remains at 13%. [29] However in a two-stent strategy the risk of myocardial infarction remains  

higher.  Dedicated bifurcation stents are being developed to decrease the risk of side branch  

occlusion and reduce the rate of side branch restenosis. One of these devices is the Tryton stent  

(Tryton Medical, Inc., Newton, MA, USA). The Tryton stent secures the side branch vessel. [30] A  

second stent is deployed in the main vessel, usually a drug eluting stent. For the purpose of the  

study the Cypher stent was used as a second stent.

Bare metal stents
Balloon angioplasty was widely performed for severely narrowed atherosclerotic coronary lesions  

during the first percutaneous coronary interventions. Limitations such as high rates of restenosis  

with early plaque recoil and late arterial shrinkage made the technique ineffective. [31-32]  

Compared to conventional balloon angioplasty, the advent of coronary artery stents offeres much  

improved radial strength therefore, preventing both acute and chronic causes of narrowing resulting  

in reduced rates of acute arterial closure and restenosis. [33]

Unfortunately, when stenting was introduced it was accompanied by high frequencies of acute stent  

thrombosis and although a lot was improved in anti-platelet therapy and stent deployment methods,  

there are still minor non-occlusive adherent platelet/ fibrin thrombi to be found around stent struts  

reletively common in implants placed three days or less ago. [34] At 1 month after placement,  

platelets are no longer apparent, and fibrin usually becomes incorperated into the neointima. Acute  

inflammatory cells, mainly composed of neutrophils, are associated with stent struts and frequently  

present in early time periods, however, these cells are rarely observed beyond 1 month. [35] In  

contrast, chronic inflammatory cells such as macrophages and/or giant cells are present at all times  

as a foreigh body reaction to the stent itself since the exposure of stent struts is permanent.



After two weeks of stent implantation, the neointima consists primarily of smooth muscle cells and  

proteoglycans. Recognized pathological factors such as the degree of medial injury, inflammation,  

and strut penetration into the necrotic core are identified as predictors of restenosis resulting from  

excessive neointimal growth. [36] Moreover, re-endothelialization of the stented luminal surface is  

considered pivitol as a deterrant to stent throbosis and complete endothelialization is typically  

confirmed by 3 to 4 months in bare metal stents. [37-38]

Drug eluting stents
Although stents offered a big improvement over balloon angioplasty, restenosis was a new  

complication which was considered a major limitation with a prevalence as high as 20 to 30  

percent. [39] Since the primary cause of restenosis is attributed to the excessive proliferation of  

smooth muscle cells, the development of new technologies mainly focussed on specific targets  

aimed at preventing neointimal hyperplasia. Real clinical success was reached with the advent of  

localized therapy using stents as a drug delivery platform. [40] This method of sustaining drug  

delivery takes advantage of polymers to attach and promote controlled elution of drugs from the  

stent. The RAVEL clinical trial eventually produced a magnificent zero percent stenosis. [41]

The local delivery of cytostatic or cytotoxic drugs using a stent based technology has reduced  

restenosis after PCI impressively. [42] Currently, polymer-based sirolimus and paclitaxel-eluting  

stents are twidely used. Despite the goal of preventing mitogen-induced smooth muscle cell  

proliferation, the early preclinical studies showed these drugs to markedly delay arterial healing  

characterized by persistent fibrin deposition and poor luminal surface endothelialization. Further it  

is evident from pre clinical studies that with continued implant duration there is improved arterial  

healing with a return of neointimal growth and absence of long-term effects [43].

Re-endothelialization following BMS implantation in the coronary circulation is near complete by 3  

to 4 months whereas for DES it is projected to take much longer. Moreover, other indications  

instenting such as longer lesion lengths ofter require,overlapping DES which may further impair re-

endothelialization. As proof, overlapping pairs of Cypher or Taxus stents were implanted in rabbit  

iliofemoral arteries and subsequently en face examened by scanning electron microscopy. These  

studies demonstrated markedly delayed re-endothelialization at 28 days, in particular at sites of  

stent overlap, which was persistent up to 90 days of implantation. [44]



OCT
After stents are placed to secure blood flow in a previously narrowed vessel contrast can be added  

to the blood and susequent X-ray imaging will show whether blood flow has been restored. To see if  

a stent is placed optimally against the 

vessel wall, intravascular imaging is  

necessary. A new technique to do so is 

optical coherence tomography. Optical  

coherence tomography is an optical signal  

acquisition and processing method. It  

captures up to sub-micrometer-resolution,  

three-dimensional images from within  

optical scattering media like biological 

tissue. [45] OCT is based on low 

coherence interferometry, typically  

employing near-infrared light, which is  

non-radiant as opposed to x-rays. The use 

of relatively long wavelength light allows  

it to penetrate into the scattering medium. 

In conventional interferometry with long  

coherence length like laser interferometry,  

interference of light occurs over a distance  

of meters. In OCT, this interference is 

shortened to a distance of micrometers, by 

the use of broadband light sources. Light with broad bandwidths can be generated by using  

superluminescent diodes or lasers with extremely short pulses (femtosecond lasers). [46]

The light in an OCT system is divided into two parts by the interferometer. The sample beam which  

directs light through the fibre-optic imaging wire into the biological tissue (or sample) and collects  

the backscattered light and the reference beam which is usually reflected upon a reference moving  

mirror. Because the light from the sample beam and the light from the reference beam travel an  

equal distance (a difference of less than a coherence length), the combination of the two in the  

detector is used to generate an interference pattern or interferogram. In Time Domain Optical  

coherence tomography (TD OCT), a reflectivity profile of the sample can be obtained by scanning  

the mirror in the reference beam. Areas of the sample that reflect back a lot of light will create  

greater interference than areas that don't. Any light that is outside the short coherence length will  

Figure 5: A typical OCT image. The dark circle in the  
centre is the imaging probe itself inside the lumen.  
The bright yellow ring around it is the vessel wall.  
Stent struts can be seen as bright yellow dots casting  
a cone shaped shadow towards the outer edges of the  
image, these shadows occur because the near  
infrared light can not penetrate the metal struts. The  
slightly bigger yellow object directly adjecent to the  
imaging probe is the guiding wire on which the probe  
was mounted.



not interfere. This reflectivity profile, called an A-scan, contains information about the spatial  

dimensions and location of structures within the item of interest. A cross-sectional tomograph (B-

scan) may be achieved by laterally combining a series of these axial depth scans (A-scan).

In Frequency Domain (also called Fourier Domain) Optical coherence tomography (FD OCT) the  

broadband interference is acquired with spectrally separated detectors, either by encoding the  

optical frequency in time with a spectrally scanning source or with a dispersive detector, like a  

grating and a linear detector array. The depth scan can be immediately calculated by a Fourier-

transform from the acquired spectra, without movement of the reference beam. This feature  

improves imaging speed dramatically, while the reduced losses during a single scan improve the  

signal to noise proportional to the number of detection elements. The parallel detection at multiple  

wavelength ranges limits the scanning range, while the full spectral bandwidth sets the axial  

resolution.[45-46]

Optical coherence tomography (OCT) allows clear visualization of the stent struts and should give 

an answer if the Tryton stent, combined with the Cypher stent, provides good stent apposition at the  

level of the carina of the bifurcation. More about OCT is explaned elsewhere.

For the aim of the study the number of free floating and malapposed struts at the carina are counted  

and in-vivo data are compared with in-vitro data.



Materials and Methods

Study design and endpoints
The in vitro model consisted of two plastic tubes, 3.0 and 2.0 mm in internal diameter, connected to  

each other in a 45° angle with glue. The Tryton Side-Branch stent is a cobalt-chromium stent  

designed for bifurcation lesions. It consists of three zones; the side branch zone (6 mm), the  

transition zone (4 mm) and the main vessel zone (8 mm). The strut thickness is 0.0033” (84 µm)  

(4). A 3.5/2.5 mm – 19 mm Tryton stent was deployed to the side branch followed by deployment  

of a 3.0 - 18 mm Cypher stent in the main branch. Kissing balloon inflation was performed with a  

3.0 and a 2.5 mm balloon at 16 atmospheres, followed by OCT in the side branch and the main  

vessel (two pullbacks). A non-occlusive technique (Light Lab Imaging Inc. Westford, MA, USA),  

was used for image acquisition. A continuous flush was done in-vivo using a power injector.  

Pullback speed was set at 3 mm per second. 

The same strategy was used in 10 consecutive patients, who had an indication for treatment of a  

coronary bifurcation lesion, and were included in the Tryton registry, which was approved by the  

ethical committee. A 7 F guiding was used. All patients were pretreated with acetylsalicylic acid 

and clopidrogrel. During the procedure Heparin 70 u/kg iv was used, with 35 U/kg added after 30 

minutes. After predilatation of the main vessel and side branch, the Tryton stent was placed to the  

side branch. After recross with a wire and a balloon the Cypher was placed in the main vessel,  

followed by recross and kissing balloons (whenever possible at 16 atm). OCT was performed from  

the side branch to the proximal part of the bifurcation and from the distal main vessel to the  

proximal main vessel. 5 regions are defined; main vessel distal to the bifurcation, the carina (both in  

a side branch pullback and a main vessel pullback), main vessel proximal to the carina and the side  

branch.

The Cypher stent was used in all patients in order to have a uniform definition of maloppasition.  

Malappostion is defined as the strut-thickness (Cypher 154 µm) plus an additional 15 µm, since the  

spatial resolution of OCT is 10-20 µm. Floating was defined as twice the strut thickness plus an  

additional 15 µm for spatial resolution.

In-vivo and in vitro OCT data were compared to determine the number of struts per millimeter  

pullback  with malappostion, and the number of free floating struts.

Quantitative coronary angiography (QCA) (Siemens Erlangen, Germany), was done off line to  

determine vessel sizes and residual stenosis. The bifurcation lesions were classified according the  

Medina classification.



Tryton and Cypher Stent
The Tryton side branch stent is a balloon expandable cobalt chromium bare metal stent (BMS)  
made up of three distinct zones (Figure ™). A distal side branch zone (SBZ), which is designed as a  
standard slotted tube stent as 
used on lesions in unbifurcated 
vessels. A central transition zone 
(CTZ), which is made up of three 
panels, equally spread from one 
another, capable of being 
deformed independantly. The 
central transition zone design 
allows for complete stent 
coverage of the ostium and suits a 
wide range of commonly 
encountered anatomical 
pathologies in bifurcated coronary 
vessels. The third zone, the 
proximal main vessel zone (MVZ), is 
composed of three panels that are 
associated with the three panels 
in the CTZ and these terminate proximally in a circumferential ('wedding') band. Upon placement  
of the Tryton stent in the side branch a Cypher DES is positioned  in the main vessel with the  
proximal end placed inside the proximal region of the Tryton stent passing through the CTZ planes  
into the distal main vessel. After deployment of the Cypher stent, the side branch was recrossed to  
allow for simultaneous kissing balloon inflation to be performed. [47]

Figure 6: The Tryton side branch stent composed of  
three zones. 1) Side branch zone, scaffolding. 2)  
Central transisition zone, radial strength 3) Main vessel  
zone, minimal coverage



OCT
Intravascular ultrasound (IVUS) was introduced in the late 1980s as the first imaging technique that  

demonstrated the benefits of imaging inside the walls of coronary arteries. IVUS imaging works by  

employing a rotating ultrasonic transducer, or an array of fixed transducers, mounted at the tip of a  

catheter to obtain a cross-sectional view of the artery. Intravascular ultrasound is most oftenly used  

in clinical practice for stent measurements, plaque volume determination and calcium deposit  

localization. Current IVUS imaging systems have a resolution of 100 to 300 µm which is not 

sufficient to visualize the thin fibrous caps that are typical in plaques that are susceptible to rupture.  

Coronary angioscopy was also introduced in the 1980s, as a means of obtaining a clearer view of  

the artery. The angioscope is a miniature fiber optic endoscope that is threaded into the heart  

through a catheter. After the artery is briefly occluded with a balloon and flushed to remove the  

residual blood out of the field of view, the thrombus, plaque, arterial dissections and other vascular  

abnormalities can be viewed. Angioscopy does provide a rough indication of the composisition of  

the coronary lesion according to its morphology and color, however, it is not able to aid in the  

assessment of below-surface lesions. Angioscopy, as well as IVUS, is too invasive and expensive  

for general diagnostic screening and therefore it is mainly applied in studies that focus on the  

research and development of new interventional therapies. Electron-beam computed tomography  

(EBCT) is a relative newcomer to the coronary imaging field and it has recently gained popularity  

as a screening tool. In EBCT, X-rays are generated by steered electron beams and used to capture  

snapshots of the coronary arteries without having the patient undergoing invasive procedures like  

catherization. Risk assessment of coronary artery disease is established by the quantification of the  

degree of calcification of the arteries. Calcium scores provided by EBCT have no direct relationship  

to factors that underlie sudden cardiac death, yet high scores can encourage at-risk patients to  

undergo additional assessments. The potential of optical oherence tomography to be used as an  

intravascular imaging technology was recognized soon ather the first publication of OCT images of  

biological tissue. [45] Early studies demonstrated OCT's unique ability to resolve atherosclerotic  

lesions in microscopic detail, lesions that were believed to be prone to sudden rupture in particular  

[48-49]. Features of OCT that make it attractive for intracoronary imaging are the high resolution  

and the small size of the fiber-based imaging probes. Although healthy coronary arteries have walls  

that are only a fraction of a millimeter thick, highly stenosed arteries may have lumens redused to a  

diameter of less than 1 mm by thickening of the vessel wall. Because of its small dimensions, OCT  

is well suited to image these heavily narrowed vessels. 



The OCT system consists of four 

main components: a high speed 

imaging engine, a computer with 

keyboard and display, a probe 

interface unit (PIU) and a coronary 

imaging probe. Inside the imaging 

engine, an efficient polorization 

diversity interferometer splits  

polychromatic light (emitted by a 

polarized superluminescent diode, 

or SLD) into reference and sample 

beams. The coherence length of the 

SLD yields a  resolution in the 

radial dimension of about 15µm. The sample beam couples into the imaging probe through a  

motorized rotary fiber coupler inside the PIU. To permit longitudinal scanning of a blood vessel for  

the collection of three-dimensional image sequences, the PIU contains a motorized mechanism that  

pulls the optical fiber back within the transparant sheath of the OCT probe as the fiber rotates. A  

fraction of the light backscattered from the artery passes back through the imaging probe into the  

interferometer, where it mixes with a reference beam. The reference beam polarization is oriented  

along an axis that splits signal power equally between the two outputs of the polarization splitter.  

The orthogonally polarized signals are detected seperately and, after high speed digitization, filtered  

and demodulated by programmable digital circuits. To obtain a signal the magnitude of which does  

not depend on the polarization state of the light returning from the sample arm, the sum of their  

squared signal magnitudes is calculated. This kind of polarization diversity processing ensures that  

polarization changes caused by bending and rotation of the optical fiber in the sample arm do not  

create image artifacts. The position of the reference mirror determines the sampling depth in the  

tissue since interference occurs only when the optical distances traveled by the sample and the  

reference beams match within the coherence length of the source. To achieve its high frame rates  

required for coronary imaging, a multi-faceted, cam-shaped reflector with an air-bearing motor  

scans the reference arm path length. [50] The basic building block of the OCT imaging probe is the  

fiber optic imaging core, composed of a single-mode fiber with a microlens/beam deflector  

assembly at its tip. The imaging core, which is less than 0.4 mm in diameter, employs an advanced  

micro-lens assembly at its tip to focus and direct the sample beam. [51] The assembly consists of  

segments of fiber with refractive-index profiles tailored to achieve the desired beam focus. Because  

Figure 7: Near-infrared polychromatic light is emitted (1).  
An interferometer splits the light (2) and sends it to the  
tissue (3) and a reference path (4). After backscattering the  
two beams are recollected and an image is generated with  
software (5).



the fiber segments are fusion-spliced via arc welds, the assembly is similar to that of untraeted fiber.  

To deflect the focused beam perpendicular to the long axis of the fiber, one end of the distal coreless  

segment is polished at an angle close to 45 degrees. The lens focuses to a near diffraction-limited  

focal spot equal to 20-30 µm diameter at a working distance of 2 mm. Unlike rotary IVUS probes,  

the OCT imaging probe does not employ a torque cable. Instead, the optical fiber rotates and  

translates inside a plastic sheath that contains a specially formulated mixture of fluids. Eliminating  

the torque camble simplifies fabrication of the catheter (which reduces costs). A major challenge tot  

the use of OCT in coronary applications is the need to provide an efficient delivery system that  

enables the cardiologist to insert the OCT probe into the target artery and clear thestrongly  

scattering red blood cells from the field of view of the probe. Since blood from the heart of most  

patients can not be interrupted for more than 20 to 30 seconds, imaging must be accomplished  

within a short interval. 

Examples of cathheter delivery systems designed for intracoronary OCT imaging include: 1) a  

monorail flush catheter, this catheter intgrates the imaging probe into a flush tube through which  

saline is injected with a syringe. The saline exits close to the aperture of the imaging probe. 2) An  

occlusion balloon catheter, an imaging probe with a spring mounted on its tip is inserted near the  

balloon through the guide wire lumen. Blood flow is interrupted briefly by inflating the balloon and  

flushing the residual blood from the target vessel before imaging. 3) An angioplasty balloon  

catheter, the aperture of the imaging probe is inserted under the balloon through the guide-wire  

lumen. Inflation of the balloon during the therapeutic angioplasty procedure displaces the blood  

between the probe and the wall of the artery. [50-51]



Statistics.
All statistic calculations were performed in NeoOffice Calc for Mac OSX.

From 10 patients we acquired 10 OCT pullbacks through the main vessel and 10 pullbacks through  

the side branch. The individual pullbacks were divided into a proximal data set that included all  

stent struts visable within 8 mm proximally from the start of the bifurcation, a bifurcation data set  

which included all stent struts over the entire length of the bifurcation and a distal data set including  

all stent struts within 8 mm distally from the end of the bifurcation. The 8 mm long scans that were  

the proximal and distal data all scans showing no stent struts were disregarded as it was because of  

an absence of stent material in that region. Indeed, no further stent matial was shown in the scans  

'downhill' (proximally in the proximal scan, distally in the distal scan) the first frame that showed  

no stent struts. Furthermore, there was great variance in the ten measured neo-carinas even between  

the main vessel pullback and side branch pullback of the same patient. Because of this, all data was  

calculated per millimeter, so that statistical analysis could be made and graphics would be easier to  

interpret. The ten lengths of the neocarina in the MV pullback were compared to the lengths of the  

neocarina in the SB pullback with a one-tailed t-test for paired samples giving p=0.045. The  

proximal part of the main vessel and side branch is in fact the same. For this reason, only the results  

of the masin vessel pull back were included. Averages and standard errors were calculated for each  

region (proximal, bifurcation for main vessel, bifurcation for side branch, the  distal part of the main  

vessel and the side branch itself) (Figure 1) per millimeter for total strut material, malapposed struts  

and in case of the neocarinas: floating struts. The 5 regions (Prox, Bif MV, Bif SB, Dist MV and  

Dist SB) were all compared to each other for total struts and percentage of malapposed + floating  

struts with two-tailed t-tests for paired samples (Table 1)(Table 2). Of the in vitro model the data  

was organized and converted in a similar way as the in vivo data. All regions were corrected for  

stend endings and the stent count was calculated per millimeter. Correlation co-efficients were  

calculated for the trend in total stent material and number of malapposed + floating struts. These  

findings were double checked by linear regression calculating the R-square value (Figure 8) (Figure  

9).



Medina Classification

Depending on the 

distribution of the plaque 

in the segment of a 

coronary lesion in a 

bifurcation, a wide range 

of angiographic and 

anatomical 

morphologies are 

present. To define these 

lesions, many different 

classifications have been 

proposed, all defining 

each possible 

combination of lesions. 

The easiest classification is 'Medina', including all combinations and simply memorized. 

The Medina classification makes use of the three components of a bifurcation; the main branch  

proximal, the main branch distal, and the side branch. In this sequence, an intuitive classification is  

made by giving each segment a binary value, 1 or 0, with 1 indicating that the segment is  

compromised and 0 indicating that there is no lesion present. [52]

Figure 8: All possible combinations as described by the Medina  
classification.  



Results

In-Vitro results
OCT analysis was done for 3 sections of the in vitro model. The definition of the 3 sections is  

illustrated in Figure 1. 

Figure 2 represents the results of the analysis  

proximally to the bifurcation. Over a total  

length of 8 millimeters the total number of 

visible struts and the number of malapposed  

struts in the main vessel are given per 

millimeter: 41.25 struts per millimeter are 

visualized, of which 2.25 (5,5%) were in 

malapposition.

The cross section of the bifurcation is larger  

from the side branch than from the main vessel.  

The pullback from the side branch showed a  

bifurcation length of 4.8 millimeter whereas the  

pullback from the main vessel had a bifurcation  

length of 3.2 milimeter. The number of struts 

per millimeter from the side branch is 31.46 of 

which 1.88 (6%) were in malapposition and 

10.42 (33%) were floating (Figure 3). 

Performing the pullback from the main vessel,  

there were 37.5 struts per millimeter visible of 

which none (0%) were in malapposition and 

14.06 (37.5%) were floating per millimeter.  By 

floating it is meant  that the strut is in 

malapposition in the absence of a vessel wall  

('tube' wall in case of the in vitro model). 

Floating was defined as twice the strut 

thickness plus an additional 15 µm for spatial  

resolution.

Figure 10: Number of stent struts at the  
bifurcation per millimeter
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Figure 9: Number of stent struts proximally from  
bifurcation per millimeter
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In a total length of 8 milimeters distally from 

the bifurcation, in the main vessel, 35.96 struts  

per millimeter are counted of which 0.38 struts  

were in malapposition. In the side branch 25.00 

struts per millimeter were present of which  

10.71 (43%) were in malapposition. Overal 

there was about the same percentage of 

malapposition in al sections, namely 6% or 

less. In the bifurcation there was a high 

percentage of floating struts of about 35% or  

one 3rd of the total.
Figure 11: Number of stent struts distally from  
bifurcation per millimeter
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In-Vivo results
Ten consecutive patients were treated according to the protocol. 60% were male, with a mean age of  

68 years. 

The target vessels were LAD and diagonal branch in 8, CX and lateral branch in 2.

The Medina classification for the  bifurcation lesions was 1,1,1 in 10%, 1,1,0 in 10%, 1,0,1 in 10%,  

0,1,1 in 30%, 0,1,0 in 30% and 0,0,1 in 10%. 5 patients had a stenosis of more than 50% in both the  

main vessel and the side branch.

All procedures were succesfull. QCA analysis showed a proximal reference vessel diameter of 3.45  

mm ± 0.43, 2.85 mm ± 0.67 for the distal main vessel and 2.34 mm ± 0.38 for the side branch. 

The residual stenosis after stenting was 0% for the proximal main vessel segment, 10.44% ± 10.88  

for the distal main vessel segment and 18.79% ± 14.99 for the side branch

In Figure 5 the analysis proximally to the bifurcation is  

shown (main vessel). Over 8 millimeters the total number of  

visible struts and the number of struts in malapposition are  

given. OCT showed an average of 27.55 (SD 7.1) struts per 

millimeter. 0.49 (SD 0.43) (1.8%) of these struts were  

malapposed.  

The bifurcation – as well as in the in-vitro model -  is larger  

in the side branch than the main vessel (3.0 mm and 2.3 

mm, p = 0.04). At the bifurcation, coming from the side  

branch, 30.0 (SD 16.19) struts per millimeter were visible.  

0.6 (SD 1.35) (2%) were in malapposition, 3.28 (SD 4.8)

(10.9%) were floating. Performing the pullback from the  

main vessel there were 35.44 (SD 12.8) struts visible, 0.48 

(SD 0.84) (1.4%) were in malapposition, 2.98 (SD 4.6) 

(8.4%) were floating per millimeter. This small increase in  

the number of malapposed and free-floating struts  

performing the pull back from the side branch compared to  

the main vessel is not significant (p=0.34).

Figure 12: Number of stent struts  
proximally from bifurcation per  
millimeter
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Figure 13: Number of stent struts at  
the bifurcation per millimeter

Side Branch
Main Vessel

-5

5

15

25

35

45

55

At bifurcation (per 

Side Branch and 

Total #struts per 
mmTotal #struts 
malapposition per 
mmTotal #struts floating 
per mm

# 
S

tru
ts



Figure 7 shows the results over 8 millimeters between the  

bifurcation and the distal part of the vessels. On average  

22.61 (SD 7.68) struts per millimeter were counted  in the 

side branch, 0.54 (SD 0.81) (2.4%) of these struts were  

malapposed. In the main vessel there was an average of  

27.12 (SD 7.28) struts per millimeter, 0.49 (SD 0.77) 

(1.8%) of these struts were malapposed.

Figure 14: Number of stent struts  
distally from bifurcation per  
millimeter
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Comparison of regions
All 5 regions were compared to each 

other to see wether there were 

differences in the amount of total  

stent material and/or percentage of 

malapposed stent struts. 

Table 1 shows the p-values that 

indicate the difference of a region 

from another in terms of total stent 

material (average number of struts per mm). The bifurcation region for the main vessel pullback  

shows significantly more stent material than any of the other regions (p-values between 0.001 and  

0.02). The bifurcation region for the main vessel even shows significantly more stent struts per  

millimeter than the 'same' region in the side branch pullback (p=0.02). 

Table 2 shows the p-values that 

indicate the difference of a region 

from another in terms of percentage 

of malapposed and floating stent 

struts combined. 

The bifurcation for the side branch  

shows a significantly greater 

percentage of malapposed and 

floating material than any other region (p-values between 0.01 and 0.05) except for the 'same'  

region in the main vessel pullback (p=0.34). This bifurcation region of the main vessel pullback  

shows a significant higher percentage of malapposed and floating struts in comparison to the  

proximal region (p=0.05). Its p-values for the distal main vessel and side branch may be non-

significant, but they are indeed small (p=0.06 and p=0.10).

Table 2: T-Tests for percentage of malapposition and  
floating struts at different sections, prox = proximally, bif  
= bifurcation, dist =distally, SB = side branch, MV =  
main vessel

Prox Bif SB Bif MV Dist SB Dist MV
Bif SB 0,02
Bif MV 0,05 0,34
Dist SB 0,53 0,03 0,10
Dist MV 0,8 0,01 0,06 0,51

Table 1: T-Tests for total stent material at different  
sections, prox = proximally, bif = bifurcation, dist  
=distally, SB = side branch, MV = main vessel 

Prox Bif SB Bif MV Dist SB Dist MV
Bif SB 0,42
Bif MV 0,01 0,02
Dist SB 0,12 0,01 0,001
Dist MV 0,96 0,26 0,002 0,10



Table 3 shows the p-values that 

indicate the difference of a region 

from another in terms of actual 

number of malapposed and floating 

stent struts combined. The bifurcation  

for the side branch shows a 

significantly greater number of 

malapposed and floating material than 

the 'same' region in the main vessel 

pullback (p=0.05). No other region 

differs significantly from another in 

number of malapposed and floating 

struts.

Table 3: T-Tests for number of malapposition and floating  
struts at different sections, prox = proximally, bif =  
bifurcation, dist =distally, SB = side branch, MV = main  
vessel

Prox Bif SB Bif MV Dist SB Dist MV
Bif SB 0,13
Bif MV 0,31 0,05
Dist SB 0,71 0,13 0,32
Dist MV 0,91 0,13 0,33 0,96



In Vitro and In Vivo results compared
Table 4 represents the correlation co-efficiencies  

for total stent struts per region per pullback and  

total number of malapposed and floating struts  

per region per pullback between the In Vitro 

model and the patient (In Vivo) cases. 

In the most left column it is stated whether it is 

the side branch (SB) pullback or the main vessel  

(MV) pullback. The column directly right of that  

states whether the numbers behind it are either  

the counts of the proximal (prox), bifurcation  

(bif) or distal (dist) region of that particular  

pullback, these scores are given per millimeter).  

Above the values is given if the scores are in-

vivo or iv-vitro results and whether they 

represent total strut material or malapposed + 

floating struts. To the far right the calculated correlation co-efficient can be read.

In the side branch pullback, looking at total strut number, there was an correlation co-efficiency of  

0.59. For the main vessel pullback the total strut number correlation co-efficiency was -0.19.

In the side branch pullback, looking at total number of malapposed and floating struts, there was an  

correlation co-efficiency of 0.66. For the main vessel pullback the number of malapposed and  

floating strut correlation co-efficiency was -0.99.

Table 4: Correlations for In Vitro and In Vivo  
results

In Vitro In Vivo
Total Correl.

SB Prox 36,63 26,6
Bif 31,46 30 0,59
Dist 25 22,61

MV Prox 41,25 27,55
Bif 37,5 35,44 -0,19
Dist 35,96 27,12

Malapp. + Float
SB Prox 0,38 0,24

Bif 12,3 3,88 0,66
Dist 10,71 0,54

MV Prox 2,25 0,49
Bif 14,06 3,46 0,99
Dist 0,38 0,49



To present these correlations more simply, and to double check on our statistics, all data was put  

into graphs, displaying regression lines that give the square values of our correlation co-efficiencies  

(Figure 7, Figure 8, Figure 9, Figure 10).

Figure 15: R-square value for total  
number of struts, side branch pullback
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Figure 16: R-square value for total  
number of struts, main vessel pullback
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Figure 18: R-square value for number of  
malapposed and floating struts, side  
branch pullback
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Figure 17: R-square value for number of  
malapposed and floating struts, main  
vessel pullback
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Discussion

The Tryton stent is a relatively easy to use device in treating bifurcation lesions. All procedures  

were successful. Our angiographic results were good and comparable with previous data (10-12),  

with a low residual stenosis in the main vessel (0% proximally and 10.4% distally from the  

bifurcation) and an acceptable residual stenosis (18.7%) at the side branch.  

Overall, the in vitro model showed higher counts of stent material and higher percentages of  

malapposed and floating struts. These findings are likely to occur because of the unnatural, rigid  

composure of our experimental plastic model. Statistically, it is not possible to draw conclusions  

from one model simulation, although we have no reason to expect other results in further  

simulations with such a model. Our model did however show, overall, a good correlation with the in  

vivo findings when looking at the 5 regions and how they relate to one another in number of stent  

material and number of malapposed and floating struts combined. With the exception of total stent  

material in the proximal region, the in vitro showed the same tendencies as found in vivo, albeit in  

for bigger numbers.

The OCT data show, that proximally and distally from the bifurcation, the number of malopposed  

struts is low (1.8%). Proximally, a double layer stent is present (Tryton and Cypher), distally a  

single Cypher stent layer. Although these data are comparable, the high pressure kissing balloon  

inflation in the proximal part might have reduced the number of  malopposed struts. On the other  

hand Tyczynski [53] looking at malapposition in the Tryton stent, reported more malopposition  

proximally (18.5%) to the bifurcation compared to the distal part (9.8%), despite the use of  a  

kissing balloon technique. These authors did use however several other types of DES in the main  

vessel. 

Our study was very conclusive in one way: although malapposition is not significantly higher in the  

neocarina, the combination with floating struts made up for a 5-fold of totally exposed bare metal  

stents in the lumen. 



In respect to the comparisons of the 5 regions we defined earlier, the following was found: For total  

stent material we saw a significantly higher number of stent material in the bifurcation region of the  

main vessel pullback than all other regions. The bifurcation region for the side branch pullback was  

somewhat behind, showing no significant difference for 2 out of the 4 other regions. Discepancies  

between the side branch and main vessel pullback are discussed elsewhere. 

Looking at percentages of stents that were malapposed or floating we found that the side branch  

pullback for the bifurcational region showed a higher incidence than any other region except for the  

'same' region in the main vessel pullback. Although the 'main vessel bifurcation' did not show  

significantly higher percentages of malapposed and floating struts for the (distal) side branch and  

the distal main vessel it must be noted that the p-values were very close to significance (p=0.10 ,  

p=0.06).

We also looked at the number of malapposed and floating struts, which might be interesting since  

the actual number is more of an indication whether a stent is in danger of restenosis than a  

percentage is. Interestingly, the only regions to differ from each other in number of malapposed and  

floating struts were indeed the bifurcation regions of the main vessel pullback and the side branch  

pullback of that region. More about these differenced in pullbacks below.

Malapposition and free floating struts cannot be avoided at the neocarina. From bench studies,  

using a double stenting technique, incomplete stent expansion and compromised side branch access  

at the ostium, as well as crowding of metal became clear. [53] In-vivo IVUS data have shown small  

cross sectional areas at the side branch ostia. This incomplete stentexpansion, limited side branch  

access and excess of metal might predispose to restenosis and thrombosis. [54]The risk of  

thrombosis and restenosis is clearly higher after stenting of lesions located in bifurcations especially  

when a double stenting technique is used. [55] Malapposition and free floating metal struts ought to  

be the reason for the increased rate of stent trombosis. [56]

Our reported number (10-13%) of malopposed and free floating struts  is lower compared to the  

previous report (33%). However it is clear from both reports that most malappostion and presence  

of free floating struts occur at the neocarina. Tyczynski also reported a larger wall to strut distance  

in the bifurcation, in the half towards the side branch. Since the authors performed a pull back from  

the main vessel only, information from the side branch was not available. Our OCT analysis was  

done for 3 sections of the in vitro model, divided into 5 regions. The definition of the 3 sections is  

illustrated in Figure 1.



Previous studies like that of  Tyczynski  

calculated malapposition in the 

bifurcation for the main vessel pullback  

only. We found that the side branch 

pullbacks of our ten patients were 

significantly larger than in the main 

vessel pullbacks (p=0.045) at average 

lengths of 3.0 vs 2.3 mm. This 

phenomena is illustrated in Figure 18 and 

Figure 19. Because the OCT imaging 

probe is mounted onto the same guidinge 

wire to place the stent, the pullback is  

made in a natural curve inside the 

vascular lumen. This causes the neocarina 

to appear larger. Since previous studies performed only a main vessel pullback of the neocarina this  

might be of influence on their findings. We found a slight, however non-significant increase in  

malapposed and floating struts in the side branch pullback compared to the main vessel pullback.  

Future studies should access malappostion both from the main vessel as well as from the side  

branch. 

Figure 21: Side branch pullback: the green  
arrow indicates the length of the neocarina as  
it appears in imaging. Note that, because of the  
smooth curve a guiding wire makes, despite  
vessel diameters being the same the neocarina  
appears to be larger.

Figure 20: Main vessel pullback: the green  
arrow indicates the length of the neocarina as  
it appears in imaging

Figure 19: 3 sections of pullback: 1) proximal part of  
the main vessel, 2a-b) bifurcation for the main vessel  
and side branch respectivily, 3) distal part of a) main  
vessel and b) side branch.



Kissing balloons, keeping their 

cylindric form, do not allow 

perfect circumferential 

appostion of the struts  at the 

carina [57], as illustrated by 

Figure 20. Single short balloon 

inflations just at the carina or 

the use of a double wire single 

balloon ending in the distal 

main vessel as well in the side 

branch might perform better.  

However no clinical data are 

available. Finally other than Cypher stents in combination with the Tryton stent,  might perform  

better or less good: direct comparisons are not available.  

OCT in-vitro and in-vivo, using the same stent delivery technique and kissing balloon inflations,  

showed a good correlation for the number of malopposed struts at the bifurcation. However the  

model can be improved: it should keep the same transparency so that it can be positioned easily  

without the use of X-rays, yet it also should by placed in a dense container after placement so that  

the near-infrared light undergoes enough scattering to make a well definable image. The model  

should be less rigid, comparable with the elastic characteristics of the vessel wall. Also, the  

bifurcation should make a smooth transistion from the main vessel to the side branch. Possibly, the  

models should be casted in mold for optimal smoothness, as opposed to glueing on tube on to  

another. In-vitro models that are made in such a way might allow studying the best performing  

combination of 2 stents, with the least malapposition.

Figure 22: Ideally, two inflated kissing balloons would make a  
perfect circumferential expansion of the stent. In reality, kissing  
balloons hold some of their cylindric form when inflated,  
causing some stent material to be underexpanded.



Conclusion

We set out to compare in vitro and in vivo optical coherence tomography data. All procedures were 

successful. Our angiographic results were good and comparable with previous data, with a low  

residual stenosis in the main vessel and an acceptable residual stenosis at the side branch.  
We found that there was good correlation overall between imaging in patients and our in vitro  
model. Malapposition was low in both in vitro and in vivo, whilst both also showing a peak of  
floating struts at the site of bifurcation. Unfortunately, we were not succesful in making a perfectly  
suitable model that approximated natural vascular conditions optimally. Our model was too rigid,  
causing struts to be malapposed excessively and our sites of bifurcation were to rough at the  
interface of the 'main vessel' and the 'side branch'. Luckily, there were more conclusions to be  
drawn from the in vivo data than we anticipated beforehand.

It was interesting to find great differences between the side branch pullback and the main vessel  
pullback when it comes to the bifurcation region. The simple fact is that since the imaging probe is  
mounted on the stent guiding wire, a pullback from the side branch will display a longer bifurcation  
region than a main vessel pullback because even if both vessels are (about) the same diameter,  
because of the natural curve that the guiding wire makes inside the lumen. Being this easily  
explained, it is that much remarkable that no previous studie came to such a conclusion. We have  
reason to believe that studies on malapposition, restenosis or plaque rupture in stent treatment of a  
bifurcated lesion may have different outcomes when adressing both the main vessel as well as the  
side branch in a pullback.

Optical coherence tomography showed to be a exciting new way of assessing the positioning and  
further situationing of stents after placement. It proved to be a user friendly imaging technique, both  
in acquiring the image as well as making use of the console to analyse and manage the data. Being a  
new intravascular imaging technique, some features of OCT are still missing, like automatic strut  
count in a frame and the assessment of floating struts by software. However, during our short study  
of just over half a year, multiple updates in fact took place and there is absolute guarantee that these  
missing features will eventually be standard. However, it is so far no big improvement compared to  
IVUS and replacing IVUS with OCT may be unnessecerily costly if one is not involved in a study  
that requires OCT.

Kissing balloons are not perfectly circumferential when infl ated which causes some stent struts not  

to be optimally expanded against the vessel wall. Single short balloon inflations just at the carina or  

the use of a double wire single balloon ending in the distal main vessel as well in the side branch  

might perform better.



Future
Further studies is this field would be necessary to prove or disprove the use of the Tryton side  
branch in bifurcated lesions and the use of imaging by the OCT technique. In Vitro models should  
be more natural when it comes to flexibility and smoothness of the inner wall. In the assessment of  
stent material in the bifurcation a side branch pullback has to be made in addition to the main vessel  
pullback. If only to find out whether we were right that making only one pullback is of influence on 
the results. Bigger studies should be done to ensure the power of the fi ndings. Because of the double  
stenting involved in bifurcated lesions, it would be interesting to see whether the kind of stents used  
or the technique of stenting makes a difference in malapposed and fl oating stents. The double 
stenting technique is not ideal, the double amout of stent material in the proximal main vessel is of  
particular concern. Perhaps there could be use in (partially) bio-degradable stents, in which case the  
double stent material, and its subsequent excessive presence of bare metal in contact with blood,  
would be temporarily.
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