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Abstract  
 

Cardiac catheterization laboratories are experiencing phenomenal change, as their 

volume increases and cases become more complex. In the search for the perfect angiographic 

result, interventional cardiologists have explored numerous therapeutic complementary 

devices that are used in the cath labs to facilitate achieving this elusive prize.  

Unfortunately, these adjunctive interventional devices are lacking in the majority of 

cath labs all around developing countries including those in Middle East /North Africa region 

(MENA region). In fact, most of coronary interventions here became restricted to 

implantation of bare metal stents or drug-eluted stents with or without simple balloon 

predilatation or post-dilatation. The limited adoption of complementary devices reflects 

concerns of the high costs for these devices, un-suitability for their re-sterilization, having 

their own learning curve with compelling continuous need for high level of training. 

In this review, we will summarize the evidence base concerning most of the important 

therapeutic complementary cardio-vascular interventional devices and comment on 

challenges facing the more widespread adoption of their use in MENA region .Hopefully, this 

objective analysis would help fostering their further growth and penetration into the markets, 

making them part of daily practice.  
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Introduction 
         Improvements in basic percutaneous 

coronary intervention (PCI) equipment 

have largely been bought by the 

availability of bare metal stents (BMSs) 
(Fischman et al .,1994) and drug-eluting stents 

(DESs). (Stone et al., 2007) Recent and ongoing 

progress will make bypass surgery largely 

obsolete within the next several years. (Baim, 

2004) 

In the search for the perfect angiographic 

result, interventional cardiologists have 

explored numerous therapeutic  

complementary devices that are used in 

the cardiac catheterization laboratories 

(cath labs) to facilitate achieving this 

elusive prize. Unfortunately, most of these 

devices are lacking in most cath labs all 

around the MENA region and generally all 

developing countries. Their limited 

adoption reflects concerns of the high 

costs for these devices, un-suitability for 

their re-sterilization, having their own 

learning curve with compelling continuous 

need for high level of training both for 
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operators and the rest of cath labs 

personnel.  

In this review, we will summarize 

the evidence base concerning most of the 

important therapeutic complementary 

cardio-vascular interventional devices and 

comment on challenges facing the more 

widespread adoption of their use in MENA 

region. 

Intravascular coronary ultrasound and 

pressure wires: 

      IVUS and /or FFR are currently used 

to overcome the problem of clinical 

decision making in patients with 

intermediate coronary artery stenosis (Pills et 

al., 1995, Pills et al., 2000, Tobis et al., 2007, Magni et al., 2009 

and Pills et al., 2008) and in left main coronary 

artery disease. (Sano et al 2007)  The merits of 

IVUS and /or FFR have been previously 

acknowledged by a number of 

investigators, as of its role in the coronary 

artery arena as well as peripheral 

vasculature. (Cook et al., 2007 and Tonino et al., 2009)   

        In fact, the occulostenotic reflex 

tends to vary among operators, where they  

tend to over-estimate or underestimate 

coronary lesions . In our daily practice, the 

use of IVUS or FFR can help deciding to 

stent an intermediate lesion and can 

prevent making a "full metal jacket" in a 

coronary artery that could affect flow, side 

branches, and have a negative influence on 

normal physiology. In addition, treating 

diffuse vessels with focal stenting guided 

by these two modalities could limit the 

expenses of multiple stent usage and avoid 

difficulties in future treatment by bypass 

surgery.  

 The recently published FAME 

trial reported that FFR-guided PCI 

reduced the risk of death, MI, or repeat 

revascularization by 30% and death or MI 

by 35%, compared with the current 

practice of using angiography to guide 

stenting decisions. (Tonino et al., 2009)  Even 

though the  recently published AVID trial 

(angiography versus intravascular 

ultrasound-directed bare-metal coronary 

stent placement) failed to demonstrate the 

same benefit with IVUS-directed bare-

metal stenting , it remains unknown 

whether  its results are valid in a 

contemporary population as  this trial was 

conducted more than 10 years ago, and 

there have been several procedural and 

technological advances in PCI  since then. 
(Russo et al., 2009). Recently Chia-Pin Lin et 

al.(2011) stated that IVUS is a powerful 

imaging modality which can provide more 

information before, during and after PCI 

to facilitate the procedure. Therefore, it 

should be used more widely in order to 

improve clinical outcomes and quality of 

our interventions. (Chia Pin Lin et al., 2011) 

Status of IVUS and pressure wires in 

QAHI and MENA region in comparison 

to developed countries: 

  Challenges that face the expanded use of 

IVUS and pressure wires are mainly 

related to their high initial costs beside the 

un-suitability of re-use,  r  eprocessing or 

re-sterilization  and their steep learning 

curves .  
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       To compare with what's happening in 

the United States of America (U.S), the 

market for IVUS catheters, is one of the 

fastest-growing segments in the U.S. 

market for interventional cardiology. Even 

though the U.S. penetration rate for IVUS 

catheters is expected to more than double 

by 2013, it is still considered a small 

increase when compared with penetration 

rates in Japan. (Kamran et al., 2009) 

  Furthermore, the new integrated 

systems that can now accommodate the 

three primary intravascular diagnostic 

tools in regular use by cardiologists today 

(high frequency rotational IVUS, fast and 

simple phased array IVUS, and pressure-

based FFR guidewires) on a single 

platform, makes cath labs more user-

friendly and efficacious.  

  Unfortunately, both IVUS and 

FFR modalities are available only in a 

handful of cardiac cath labs in MENA 

region. Here, the penetration rates are 

remarkably small and access to these 

systems is too limited to drive broader 

acceptance. Hopefully the growing 

concerns over stent thrombosis in DES era 

as well as the emerging of new 

technological innovations that simplify the 

use of such devices could drive their use 

dramatically higher in the coming years. 

Education programs, hands-on system 

training, guided proficiency tools should 

be offered by companies to their 

customers, targeting the increase in IVUS 

and FFR awareness and building staff 

proficiency with these new integrated 

systems.   

Novel devices, wires and techniques for 

chronic total occlusions: 

 Coronary chronic total occlusion 

(CTO) is one of the most challenging 

coronary lesions to be faced in the cath 

labs. Coronary (CTOs) causes ischemia 

when the distal myocardium is viable; yet, 

coronary collaterals are insufficient to 

provide adequate myocardial perfusion 

during stress. CTOs are found in up to 

30% of patients undergoing diagnostic 

angiography and are often the determining 

factor in the triage of patients with 

multivessel CAD to CABG surgery. (Olivari 

et al., 2003 and Sirnes et al., 1998)  Recanalization of 

CTOs improves angina, (Yousef et al., 2002) left 

ventricular function ( Sirnes et al., 1998 and Yousef et 

al., 2002) and, potentially, late survival.(Yousef et 

al., 2002, Suero et al., 2001, Hoye et al., 2005, Stone et al., 2005 

part I and Stone et al., 2005 part II) The major 

challenge relating to percutneous 

treatment of CTOs is the attainment of 

guide-wire positioning distal to the 

occlusion that is within the true coronary 

lumen. Because conventional wires are 

suitable for crossing only 60-70% of 

CTOs,  (Olivari et al., 2003,  Sirnes et al., 1998 and Stone et 

al., 2005 part II ) a variety of newer,dedicated 

guidewires have been designed with stiffer 

and tapered ( to 0.010") tips and also its 

hydrophilic-coating. (Olivari et al., 2003, Sirnes et al., 

1998 and Saito et al., 2003).  The Excimer laser wire 

(Spectranetics, Colorado Springs, CO) was 

evaluated in a US-based registry (Oesterle et al., 

1998) with excellent results (61% wire 
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success). In addition a number of novel 

devices have been developed as adjuncts 

to conventional wires to facilitate 

guidewire crossing into the distal coronary 

vessel using either microdissection 

techniques (Orlic et al., 2005) or guidance using 

optical coherence reflectometry coupled 

with radio-frequency ablation. (Baim et al .,2004)  

The safety and efficacy of many 

of these devices have been demonstrated 

in many of recently conducted trials. The 

micro-dissecting FrontRunner catheter 

(Cordis Endovascular , Warren,NJ), 
(Whitbourn et al., 2003) the Safe-Cross radio-

frequencym guidewire( 

Kensey,Nash,Exton,PA), (Baim et al., 2004) and 

the CROSSER catheter( Flow-

Cardia,Sunnyvale,CA). (Tiroch et al., 2008.) 

 The retrograde approach via 

collateral channels is revolutionizing the 

treatment of CTOs. (Ozawa, 2006 and Saito, 2008.) 

This approach was developed to overcome 

the remarkable resistance of the proximal 

cap of the plaque to antegrade entry. Since 

the distal cap is oftentimes softer than the 

proximal cap, it frequently yields to 

retrograde penetration.  

Once again, PCI for CTOs 

necessitates the presence of expensive 

equipments including wires, 

microcathetrs, dissecting catheters as well 

as a good experience in retrograde 

techniques. Using the number of 

diagnostic procedures as a reference, 

specialized CTO devices could be used in 

up to 75% of the cases in which 

guidewires have failed.  

Acquisitions of coronary chronic 

total occlusion (CTO) crossers by larger 

players will result in significant growth as 

they become incorporated into the 

mainstream market. Unfortunately, in 

MENA region these devices and 

techniques are barely existent. They are 

costly and technically demanding and 

most patients are left for medical therapy 

or sent for open heart surgery in case of 

continuous angina.   

Vascular closure devices: 

VCDs were first developed in the 

mid-1990s, largely propelled by concerns 

of high rates of access site bleeding 

associated with PCI procedures. (Sanborn et al., 

1993.)  Since their introduction, the original 

devices have undergone multiple iterations 

while maintaining their core concept. 
(Applegate et al., 2006, Ansel et al., 2006 and Hermiller et al., 

2006.) The learning curve for each device 

may be steep, and thus complication rates 

may have been higher in the mid-to-late 

1990s related to slow improvement in 

operator proficiency. (Applegate et al., 2006, Nikolsky 

et al., 2004, Dangas et al., 2001 and Tavris et al., 2001)   

Although most VCDs currently 

cost on the order of $150 to $200, given 

the large volume of both diagnostic 

angiograms and PCI procedures at many 

U.S. hospitals, (Rickli et al., 2002, Resnic et al., 2007 and 

Kim, 2006) even such a modest incremental 

cost has the potential to substantially 

impact cath labs and hospital budgets.  

There are concerns that VCDs 

may cause increased rates of rare 

complications, primarily based upon 
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anecdotal case reports. Infections, femoral 

artery compromise, arterial laceration, 

uncontrolled bleeding, pseudoaneurysm, 

atrioventricular fistula, as well as device 

embolism and limb ischemia have all been 

reported after VCD utilization. (Arora et al., 

2007.)  These reports span all VCD types. 

Importantly, Warren et al. (1999) and 

Balzer et al .(2001) demonstrated that 

complication rates decrease with 

experience.  

Closure failure with VCDs may be 

multifactorial. The use of glycoprotein 

IIb/IIIa inhibitors, advanced age, (Piper et al., 

2003) multiple sticks and back wall sticks 
(Hermiller et al., 2006) all may contribute to 

closure failure.   

While one-third of patients in 

2001 received a VCD in the American 

College of Cardiology-National 

Cardiovascular Data Registry (Anderson et al., 

2002) in MENA region, VCD use is almost 

negligible. Manual compression offers a 

much cheaper way to deal with 

arteriotomies in the presence of cheap 

man-power. By and large, manually 

compressing 30 arteriotomies may cost 20 

U.S $ (< 1 dollar for each) per day 

whereas it may cost more than 6000-9000 

$ if VCDs are to be used.  The challenge 

for expanded VCD use in our countries is 

substantial and could only be lessened by 

providing them at very less affordable 

prices or as a part of stent or diagnostic 

cath package.  

Rotational atherectomy: 

Rotational atherectomy (RA) was 

developed by Dr. David C. Auth and was 

first introduced in the late 1980s as a 

method of tackling the rock-hard, calcified 

atheromatous plaques.(Hansen et al., 1988, Brent et 

al., 2011, OnTopaz et al., 2009 and Prevosti et al., 1988.) It is 

currently available as the Rotablator 

System (Boston Scientific, Scimed ) .  

  

         The enthusiasm for the use of RA 

has decreased greatly since its introduction 

because of established lack of benefit in 

preventing restenosis in native vessels 
(Gracia et al., 2012, Dill et al., 2000, Mauri et al., 2003 and 

Buchbinder et al., 2000) and controversial efficacy 

in restenotic vessels. (Vom et al., 2002 and Sharma et 

al., 2004.) The robust data confirming the 

efficacy of drug –eluting stents in the 

treatment of de-novo simple and complex 

CAD as well as in-stent restenotic lesions 
(Stone et al., 2006, Holmes et al., 2006 and Stone et al., 2007) 

has resurged recently the role of RA in 

these situations. However, RA still 

accounts for less than 5% of all 

interventional cases. (Rubartelli et al., 2004). 

Today in a group of high surgical risk 

patients, RA on severely calcified left 

main stenosis is feasible and, in spite of 

high mortality rates, could pose the only 

possible effective treatment. (Gracia et al .,2012) 

  RA maintains its role in the 

facilitation of stenting, particularly DES, 

in fibrocalcific lesions that are not 

dilatable or to enable stent delivery. (Henneke 

et al .,1999) The benefit of RA has also been 

proposed to prevent less plaque shifting 
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(snow plowing) while treating bifurcation 

lesions. (Chia Pin Lin et al., 2011).  In TAXUS ıv 

trial , failure to deliver DESs and BMSs  

was reported in 8.2% of patients (5.8% 

and 2.4% respectively) in calcific lesions 

versus only 1.8% in noncalcified ones. 
(Moussa et al., 2005)   

 RA prevents vigorous 

manipulation of DES through calcified 

lesions that can result in the disruption of 

the polymer coating and decrease its 

effectiveness in preventing restenosis.  RA 

can prevent suboptimal deployment of 

stents and malopposition which may 

increase the rate of stent thrombosis. In 

addition, RA can prevent inadequate 

diffusion of the drug to the subintima 

through extensive calcium arcs that could 

contribute to the ineffectiveness of DES 

when implanted into such lesions.   

Challenges facing RA use in our region. 

As in all parts of the world, the 

efficacy of this device is highly operator 

dependent compared with other devices 

and its learning curve is very steep. 

Furthermore, performing RA mandates 

usually the availability of several costly 

equipments; different sizes of burrs, the 

RotaWire Guide Wire family, and 

Rotaglide lubricate.  There is no approved 

method for the resterilization of any of 

these equipments. 

The cost of one burr attached to 

the advancer is approximately $1100. By 

using the same advancer throughout the 

entire procedure and exchanging only the 

burr, one can save about $200 a burr. The 

Rotablator Advancer costs about $200; 

each Rotablator Burr costs approximately 

$900. Costs vary from institution to 

institution, depending on contract pricing.  

For the various reasons mentioned 

above, RA use in MENA region is almost 

non-existing. Furthermore, the coronary 

market for atherectomy devices is limited 

by the efficiency of drug-eluting stents, 

which are usually placed directly in the 

lesion without plaque debulking. This 

clinical practice is expected to persist 

during the forecast period. 

Thrombus aspiration of thrombotic 

lesions and the use of embolic protection 

devices in degenerated saphenous vein 

graft "SVGs". 

Adjunctive devices which remove 

thrombus from coronary arteries 

(thrombectomy devices) or protect from 

distal embolisation of thrombus (embolic 

protection devices) are increasingly used 

in primary PCI. (Burzotta et al., 2008) 

The use of thrombectomy devices 

in randomised and multicentre trials in 

patients undergoing PCI during STEMI is 

associated with a significant benefit in a 

number of markers of myocardial 

perfusion including MBG (myocardial 

blush grade), ST segment resolution and 

improvement of distal embolisation, and 

significant reduction in 30-day mortality. 
(De Luca et al., 2008)    

There are several systems for 

intracoronary thrombectomy that differ 

considerably in construction, principles of 

operation and management. Most of these 
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systems have reported efficacies for 

epicardial flow restoration similar to 

aspiration devices. (Burzotta et al., 2008, De Luca et al., 

2008, Murakami et al., 1998 and Wang et al .,2002)   

Among patients who presented 

within 12 hours of a STEMI, Svilaas T 

and his colleagues (Svilaas et al., 2008) 

demonstrated that a strategy of thrombus 

aspiration and stent implantation was 

superior to balloon predilatation and stent 

implantation. Brent Rochon et al.(2011) 

based on current evidence, consider 

thrombus aspiration to be an important 

maneuver during STEMI PCI, even in the 

absence of visible angiographic thrombus, 

and recommend it whenever the presence 

of thrombus is likely (Brent et al., 2011) .Recent 

studies have demonstrated that thrombus 

aspiration is applicable and safe in a large 

majority of patients with STEMI, resulting 

in better reperfusion and clinical outcomes 

than standard PCI. (On Topaz et al., 2009) 

Thrombus aspiration also produced trends 

toward reduction in death and reinfarction 

at 30 days, which became significant by 1 

year. Thrombus aspiration was feasible in 

most patients (approximately 90%) 

without any signal of procedural-related 

complications. (Vlaar et al., 2008)  

While it is shown that there does not 

appear to be strong evidence for the use of 

EPDs in the setting of primary PCI in 

native coronary arteries, (Burzotta et al., 2008, and 

Mamas et al., 2008) ,evidence provided by 

SAFER trial investigators and Filter Wire 

EX randomized investigators would make 

a strong case for their use in SVG 

interventions. (Baim et al., 2002 and Stone et al., 2003.)  

     In 2006, the U.S. market for 

coronary thrombectomy devices increased 

at a rate of 14% over 2005. Physicians' 

awareness and increasing familiarity with 

the procedure are the main driving forces 

of this market. From 2006 to 2013, the 

U.S. market for coronary thrombectomy 

devices is estimated to grow at a 

compound annual growth rate (CAGR) of 

6.4%. In terms of penetration rates, EPDs 

are currently used in almost 4% of all 

conventional angioplasty procedures. This 

rate is expected to undergo a slight 

increase during the forecast period. (Kamran 

et al., 2009)  

In   MENA region, EPDs and 

thrombectomy devices are rarely used in 

coronary interventions due to their high 

cost. Selective filter EPD strategy in 

SVGs may help reduce the costs by 50% 

compared to their routine use (Senter et al., 

2006) but this percentage looks still too 

small in view of the extremely limited 

health care resources. Most operators 

here are adopting the strategy of direct 

stenting while avoiding high pressure 

inflations in treating degenerated SVGs 
(Lozano et al., 2005) and in case of primary 

PCIs, stents are deployed in situ after 

squeezing the thrombus with multiple 

balloon inflations and milking the 

deflated balloon back and forth in the 

coronary artery so that the thrombus 

would reside as much distal as possible in 

the coronary circulation. Such practice is 
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definitely associated with a great amount 

of endothelial injury and higher chance 

for no-reflow phenomenon.  

   Conclusion  
Despite those dramatic changes that have 

occurred in the health sector in MENA 

region, still many modern adjunctive 

cardiology interventions have not been 

effectively and homogeneously 

introduced and disseminated similar to 

what is observed in western countries. 

Governments are requested here to use all 

their bargaining power to help lowering 

the cost of these devices through 

negotiation with the providing 

companies. Contractual agreements, 

capitated procedures, and major hospital 

buying groups could bring the costs of 

these devices down with a potential for 

significant savings if cardiologists start to 

incorporate them in their interventional 

procedures. New generations of well-

trained cardiologists and professionals 

who take advantage of continued medical 

education programes will be ready to face 

the challenge and be able to  perform 

procedures that are becoming more 

complex than was  seen 10 years ago , in 

a more timely manner and  with better 

outcomes.  

  The industrial companies are asked to 

take the lead and access the MENA region 

market by offering education programs, 

hands-on system training and guided 

proficiency tools, targeting more 

awareness to these devices and building 

staff proficiency .They are asked to 

continue refining their products for the 

cath labs on an individual basis, as well as 

collaboratively, in the future so that these 

devices become more user-friendly and 

available at much less prices.  
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 بلقلا ةرطسق يف ةلمكملا ةینایرشلا ةزھجألا و تاودالا مادختسا
  بلقلا ةحارج و ضارمأل ءایلع ةكلملا زكرم يف 

 
 يرــمنلا حرــف بـیدأ ناورـــم .د 

 
 

 :ةصالخ
 

 ادیقعت رثكأ تالاح دوجو كلذك و لمعلا مجح دایدزإل ةجیتن تاربخلا يفً اعساو ًاریغت دھشت بلقلا ةرطسق نا  

 

 ، ةیلاثملا ةجیتنلا قیقحتل كلذو  ةیبلقلا ةینایرشلا ةزھجألاو تاودألا نم دیدعلا ملاعلا يف بلقلا ءابطأ مدختسی    

 الا ،ایقیرفا لامشو طسوالا قرشلا ةقطنم يف يبطلا عاطقلا يف لصح يذلا ریبكلا مدقتلا نم مغرلا ىلع نكلو

 اھمادختسا متی ملو حیحصلا لكشلاب لعفت مل تلاز ال ھیبلقلا تالخادتلا ملاع يف هروطتملا ةثیدحلا لئاسولا نا

 .ةیبرغلا لودلا يف لاحلا وھ امك  ةعساو ةقیرطب

 

 مدعو ةیداملا اھتفلك  عافترا وھ هرطسقلا تاربتخم نم دیدعلا يف امئاد اھرفوت مدع يف ببسلا نوكی دق          

 .مادختسالا ةداعاو میقعتلل اھتیلباق

 

 ةیبلقلا تالخدتلا يف ةزھجألا و تاودألا هذھ مادختسا ةیمھأ ىلع ةلدألا صیخلتب موقن ،  ةعجارملا هذھ يف       

 تاكرشلا نم نیلما ، ایقیرفا لامش و طسوألا قرشلا ةقطنم يف اھرفوت  ھجاوت يتلا تایدحتلا كلذكو ، ھینایرشلاو

 میلعتلا جمانرب نمض ایقیرفا لامشو طسوال قرشلا قاوسا يف عسوا لكشب لوخدلل هردابملا مامز  ذخات نا ھعناصلا

 وھو وجرملا فدھللً اقیقحت ھبسانم راعساب ً اعویش  رثكاوً امادخسا لھسا تاودالا هذھ حبصت ىتح رمتسملا يبطلا

 .ضیرملا ةعفنم
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