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The Rapid Evaluation of Vessel Healing 
after Angioplasty (REVEAL) trial

  Clinical trial Commentary

The Rapid Evaluation of Vessel Healing after Angioplasty (REVEAL) trial was the first study to investigate 
the very early kinetics of neointimal proliferation after percutaneous coronary intervention. Two 
different types of stents were simultaneously implanted in the same patient, thus limiting the 
multifactorial inter-individual influence on endothelial growth and allowing an objective comparison 
of the healing characteristics of different stent platforms. The REVEAL study used optical coherence 
tomography end points owing to the ability of this technique to assess the initial phases of stent-strut 
endothelization. Two follow-up time points were prespecified to obtain serial morphological information 
about the post-stenting vessel healing phenomenon of three different types of stent (the CATANIA™ 
stent, a drug-eluting stent and bare-metal stents). Of note, one of the implanted stents was always a 
CATANIA stent with the aim of evaluating the favorable biomimetic proprieties of this new technology, 
as implicated by previous studies.
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After promising results from pivotal clinical tri-
als [1,2], drug-eluting stent (DES) implantation 
has rapidly extended to a ‘real-world’ popula-
tion with more complicated clinical and lesion 
subsets, thus raising important questions about 
the mid- and long-term safety of these devices 
[3]. In particular, DES have been associated 
with a higher risk of late stent thrombosis (ST) 
compared with bare-metal stents (BMS) [4], a 
phenomenon not recognized in various pivotal 
trials due to the carefully selected population 
and limited follow-up duration. Delayed endo-
thelialization associated with DES implantation 
may increase the risk of ST [5]. Although the use 
of dual antiplatelet therapy (DAPT) combin-
ing acetylsalicylic acid and a thienopyridine has 
greatly decreased the incidence of ST [6], this 
complication is still observed acutely and late 
after percutaneous coronary intervention (PCI) 
procedures [7,8]. Although premature discon-
tinuation of thienopyridines is associated with 
a marked increase in ST, the role of extended 
use of DAPT beyond 12  months after DES 
implantation remains uncertain [9]. 

Background & rationale
The availability of first-generation DES (siro-
limus-eluting stents [SES], Cypher®, Cordis, 
Johnson & Johnson, NJ, USA; and paclitaxel-
eluting stents [PES], Taxus®, Boston Scientific, 
MA, USA) has significantly improved the 

treatment options for coronary artery disease 
through decreasing rates of restenosis and target 
lesion revascularization (TLR) following PCI 
[1,2,10,11]. However, early enthusiasm was tem-
pered by reports of higher rates of late ST [3,12], 
a complex and multifactorial phenomenon that 
seems to be correlated (adding to patient, lesion 
and technical factors) with the delayed, poor 
and nonuniform arterial healing observed after 
DES implantation [13–23]. One morphometric 
parameter that correlates with re-endothe
lization is the ratio of uncovered to total stent 
struts; specifically, a ratio of uncovered to total 
struts per section (RUTSS) >30% has been 
associated with a ninefold increase in probabil-
ity of late ST [5]. Optical coherence tomogra-
phy (OCT), with its high-resolution capacity 
(10 µm) and, when compared with intravascular 
ultrasound, superior visualization and differ-
entiation of the vessel lumen and arterial wall 
interface [20,21], is able to detect the early kinetics 
of struts coverage [16,17,21,24,25].

Unlike BMS that develop circumferential 
coverage with an average thickness of 500 µm 
or more (1-mm late loss), which is generally 
well visualized with intravascular ultrasound 
and angiography, DES delay and prevent the 
hyperplastic response so that the average late 
lumen loss (LLL) for SES or PES can be lower 
than 100 µm [17]. Therefore, the amount of neo-
intimal thickening could not be detectable with 
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intravascular ultrasound because of its limited 
axial resolution and the presence of artifacts 
around struts [17]. 

In recent years, the interest of the inter
ventional cardiology community has been 
focused on late ST because it is often a life-
threatening event, associated with a relevant inci-
dence of death (20–40%), myocardial infarction 
(MI; 50–70%) and TLR [13]. Although several 
recent studies have reported lower late ST rates 
than originally expected with DES use com-
pared to BMS use [1,4,10,26,27], the need for novel 
stents presenting a favorable safety profile while 
maintaining the low restenosis rates of DES 
remains unmet. Recently, a nanotechnology 
approach to reduce ST after stent implantation 
was to develop biocompatible polymers that pro-
mote the physiologic healing process after stent 
implantation [28]. 

The CATANIA™ (CAT) stent (CeloNova 
Biosciences, GA, USA) presents a chromium–
cobalt alloy (Cr–Cb L605) balloon-expandable 
scaffold, with a modified open-cell design and 
a strut thickness of 65 or 74 µm (stent size: 
2.00–2.75 or 3.00–4.00  µm, respectively), 
which is covered by a nanolayer (40  nm) 
of poly[bis(trif luoroethoxy)phosphazene] 
(Polyzene-F™, CeloNova Biosciences), a soft 
rubber-like inorganic polymer, highly biocom-
patible, with anti-inflammatory, antithrombotic 
and bacteria-resistant proprieties. This novel 
technical solution promises to decrease in-
stent restenosis without increasing the risk of 
ST [29–31].

The Assessment of the Latest Non-
Thrombogenic Angioplasty Stent (ATLANTA) 
first-in-man trial showed an excellent early and 
mid-term safety profile and high-level efficacy 
of the stent in the treatment of de novo coro-
nary lesions, reducing late LLL, restenosis and 
TLR without the need for prolonged DAPT. 
The study, conducted in 55 patients, reported a 
6-month LLL of 0.6 mm, whereas at 12-month 
follow-up no deaths or MIs were reported, and a 
clinically driven TLR rate of 3.6% was observed. 
No cases of ST were observed [29]. Of note, 
OCT analysis was performed in 15 patients, 
demonstrating that 99.5% of struts were fully 
covered at 6 months, thus documenting how 
this stent is close to mimicking a biologically 
inert structure between blood and vessel walls 
[30]. In another study, the 30-day and 6-month 
risk-adjusted outcomes for patients who received 
the CAT stent (n = 254) were compared with 
the outcomes of a historical cohort of patients 
who received BMS (n = 552). At 30 days, use 

of BMS versus the CAT stent resulted in bor-
derline significant differences with respect to 
major adverse cardiac and cerebrovascular 
events (MACCE) and cardiac death or MI. 
At 6 months, BMS showed a statistically sig-
nificant higher adjusted risk of MACCE (HR: 
2.79; 95% CI: 1.20–6.48; p = 0.017) and no 
differences with respect to the subcomponent 
end points. The cumulative incidence of definite 
ST (Academic Research Consortium defined) 
at 6 months was 0.39% for the CAT stent and 
2.35% for the BMS [31].

Study design
The Rapid Evaluation of Vessel Healing after 
Angioplasty (REVEAL) trial was a prospective 
head-to-head OCT study in which the tempo-
ral patterns and degrees of neointimal cover-
age after coronary implantation of a CAT stent, 
DES and cobalt–chromium BMS were analyzed 
[32,101]. A total of 34 patients were enrolled with 
at least two short (<20 mm) angiographically 
signif icant de  novo American College of 
Cardiology/American Heart Association type 
A or type B lesions, located in remote vessels 
or in the same vessel but in two different coro-
nary segment. Patients underwent PCI at the 
Ferrarotto Hospital (Catania, Italy) and ran-
domly received a CAT stent in one lesion and 
a DES or BMS in the other lesion. The DES 
used were the SES 3160L stainless steel Cypher, 
with strut thickness of 140 µm and polymer 
(polyethelyne co-vinyl acetate and poly-n-butyl 
methacrylate) thickness of 12.6 µm, and the 
PES 316L stainless steel TAXUS Libertè®, with 
a strut thickness of 97 µm and polymer (poly
styrene-b-isobutylene-b-styrene) thickness of 
16.0 µm. The stent choice was randomly estab-
lished with the use of sealed envelopes con-
taining a computer-generated randomization 
sequence for the coronary vessel. Overlapping 
stent implantation was permitted only as a 
bailout for safety reasons. Enrolled patients 
(18–75 years of age; both male and female) 
had to have clinical symptoms and electro-
cardiographic signs compatible with stable 
coronary artery disease, such as angina pecto-
ris and reversible electrocardiographic changes, 
or acute coronary syndrome (either unstable 
angina [UA]/non-ST elevation MI [NSTEMI] 
or ST elevation MI [STEMI]). Clinical and 
instrumental (electrocardiographic, echo-
cardiographic, angiographic) data were col-
lected and stored into a computerized data-
base (Department of Cardiology, Ferrarotto 
Hospital) by specialized medical personnel. 
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The study was conducted according to the 
Declaration of Helsinki. The study protocol 
was approved by the local institutional eth-
ics committee and all patients provided writ-
ten informed consent before catheterization 
to take part in the study. Periprocedural anti-
thrombotic therapy consisted of nonfractioned 
heparin at standard dosages, clopidogrel at a 
loading dose of 600 mg and acetylsalicylic acid. 
Platelet glycoprotein IIb/IIIa inhibitors were 
administered only in acute coronary syndrome. 
After PCI, DAPT (100 mg acetylsalicylic acid 
and 75 mg clopidogrel daily) was administered 
for 1 month in case of CAT/BMS implanta-
tion and for 12 months in case of CAT/DES 
implantation. Patients were divided into two 
cohorts of ten (wave 1) and 24 patients (wave 
2) that were followed-up with an OCT evalu-
ation at 7–10  days and 28–32  days, respec-
tively (Figure 1). OCTs were obtained using the 
Lightlab M2 system (M2 Cardiology Interface 
System, LightLab Imaging Inc., MA, USA), 
that uses a 1310-nm broadband light source 
and the principles of interferometry to pro-
duce images with an axial resolution of 15 µm 
and a lateral resolution of 25 µm, through a 
nonocclusive technique recently developed 
by Rome Heart Research (Rome, Italy) [33]. 
This technique provides the manual injec-
tion of a iso-osmolar contrast media (iodixa-
nol, 320 mg/ml of iodine; Visipaque™, GE 
Healthcare, Ireland) through the guiding cath-
eter at an infusion rate between 2 and 4 ml/s, 
based on the run-off of the artery and the 
online assessment of OCT image quality. This 
contrast media is recommended both for its low 
arrhythmogenic potential and for its high vis-
cosity that help to prolong the imaging time. 
Large series have shown that the blood can be 
completely displaced from the artery during 
the entire acquisition period, allowing a better 
quality OCT to be obtained [33]. This imaging 
protocol has shown ease and safety with a maxi-
mal volume per pullback of 35 ml. Criteria for 
stopping the infusion included the presence of 
marked ST-segment elevation, QRS widening 
and a decrease >30% of baseline heart rate [33]. 
Previous nonfractioned heparin administration 
(50 UI/kg), coronary catheterization (7 F guid-
ing catheter) and crossing of the stenosis with 
conventional coronary guidewire for safety rea-
sons, a wire-type imaging catheter (ImageWire, 
LightLab Imaging Inc.) was positioned inside 
the stented area. The ImageWire is like a coro-
nary wire with a 0.006 inch (0.15 mm) fiber-
optic core that rotates inside a sheath with a 

diameter of 0.016 inches (0.41 mm). The image 
was pulled back at 2-mm/s speed and OCT 
frames were acquired at a frame rate of 15.6/s, 
digitally stored and subsequently analyzed 
independently by a trained examiner in a vali-
dated core laboratory (Rome Heart Research). 
Frames with a suboptimal visualization of stent 
struts, with artifacts determining the inability 
to analyze almost 90% of stent struts in a cross-
section, were discarded. After analysis of all the 
acquired OCTs, two patients of wave 1 and 
four patients of wave 2 were excluded for poor 
OCT image quality by the aforementioned 
independent core laboratory. Of the remain-
ing eight patients of wave 1, four underwent 
implantation of CAT/BMS and four under-
went implantation of CAT/DES (Figure 2). Of 
the remaining 20 patients of wave 2, 11 under-
went implantation of CAT/BMS and 9 under-
went implantation of CAT/DES (Figure 2). Both 
stent area (SA) and lumen area (LA) inside all 
stent struts were measured by manual trace at 
0.125-mm intervals (all frames), resulting in 
the analysis of thousands of struts and strongly 
powered comparisons. Through the difference 
between SA and LA (SA minus LA) the neo-
intimal hyperplasia (NIH) area was calculated. 
Percentage NIH (% NIH) was calculated as 
(SA – LA)/SA × 100. Stent coverage was 
defined as the measured NIH thickness >0 µm, 
which is uniformly apposed rim of new tissue 
on stent struts and absence of any detectable 
overwhelming thrombus, identified by a lin-
ear shape above the stent struts. Consequently, 
a NIH thickness equal to 0 µm was defined 
as stent strut exposure. According to a recent 

Wave 1
(7–10 days)

Wave 2
(28–32 days)

10 patients 24 patients

2 patients
excluded

4 patients
excluded

CAT vs DES
4 patients

(7975 struts)

CAT vs BMS
4 patients

(8406 struts)

CAT vs DES
9 patients

(21,123 struts)

CAT vs BMS
11 patients

(25,069 struts)

Figure 1. Study waves in the REVEAL trial.
BMS: Bare-metal stent; CAT: CATANIA™ stent; DES: Drug-eluting stent.
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review, strut and polymer thicknesses were 
considered in addition to OCT resolution 
when assessing malapposition of a stent [34,35]. 
Since Polyzene-F is applied to the CAT stent 
as a 40-nm surface modification, metal struts 
(65–74 µm, depending on stent size) accounted 
almost entirely for overall thickness. In addi-
tion, to achieve a more accurate assessment of 
malapposition, OCT resolution (15 µm) was 

considered. Consequently, malapposed CAT 
struts were defined as those with a maximum 
distance >90  µm between the inner strut 
surface and the adjacent vessel surface.

The primary end point of the study was the 
percentage of covered stent struts with regard 
to the total amount of stent struts analyzed. 
Secondary end points included: 

�� The rates of covered struts on the total amount 
of analyzed struts for the comparisons between 
CAT and BMS at 7–10 and 28–32 days;

�� The rates of cross sections with RUTSS >30%, 
struts covered with thrombus, struts mal
apposed and struts uncovered/malapposed for 
the comparisons between CAT versus DES 
and CAT versus BMS at 7–10 and 28–32 days;

�� The mean and maximum % NIH comparing 
CAT versus DES and CAT versus BMS at 
28–32 days.

Data analysis
A total of 566 struts, 283 per stent type, had 
to be analyzed with a = 0.01 (type I error) to 
obtain a 99% chance of detecting an absolute 
20% different percentage in the rates of stent 
strut coverage at 7–10 days between CAT and 
DES, with an estimated stent strut coverage in 
30% of DES struts. Assuming a dropout rate 
due to patients lost to follow-up or stent exclu-
sion from the analysis due to suboptimal stent 
strut visualization, and in order to overcome 
possible unexplained individual factors that 
could be responsible for higher or lower neointi-
mal growth, a goal of five patients/ten lesions 
was set for the comparison between CAT and 
DES and five patients/ten lesions for the com-
parison between CAT and BMS in wave 1. 
Second, it was also calculated that 494 struts, 
247 per stent type, had to be analyzed with 
a = 0.01 to obtain a 99% chance of detecting an 
absolute 20% different rate in stent strut cover-
age at 28–32 days between CAT and DES, with 
estimated stent strut coverage in 60% of DES 
struts. For the same reasons as before, a goal of 
12 patients/24 lesions was set for the compari-
son between CAT and DES and 12 patients/24 
lesions for the comparison between CAT and 
BMS in wave 2 [32]. Continuous variables 
were presented as mean ± standard deviation 
and compared using Student’s unpaired t-test. 
Categorical variables were presented as counts 
and percentages and were compared with the 
c2 test where appropriate (expected frequency 
>5) or, otherwise, with the Fisher’s exact test. 
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Figure 3. Comparison of stent strut coverage with CATANIA™ stent versus 
drug-eluting stent at 7–10 days (wave 1) and 28–32 days (wave 2) optical 
coherence tomography follow-up.
CAT: CATANIA™ stent; DES: Drug-eluting stent.
Data taken from [63].
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Figure 2. Comparison of stent strut coverage with CATANIA™ stent versus 
bare-metal stent at 7–10 days (wave 1) and 28–32 days (wave 2) optical 
coherence tomography follow-up.
BMS: Bare-metal stent; CAT: CATANIA™ stent.
Data taken from [63].
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All probability values reported are two-sided, 
and a p-value <0.05 was considered significant. 
All data were processed using the Statistical 
Package for Social Sciences, version 15 (SPSS, 
IL, USA).

Results
Patients of wave 1 presented a mean age of 
61.8  ±  9.4  years and were predominantly 
male (88%). Among them, six (75%) had 
STEMI and two (25%) stable angina (Table 1). 
In patients presenting with MI, the random-
ization procedure ensured that the same 
number of culprit lesions were treated with 
CAT or the control. Quantitative coronary 
angiography analysis did not display signifi-
cant differences among groups with regards 
to pre- and post-procedural vessel and lesion 
measurements. At 7–10  days, CAT demon-
strated the best strut coverage, compared with 
both DES (90.0 vs 85.9%; p < 0.0001; 7975 
struts analyzed; four patients) and BMS (90.2 
vs 83.6%; p < 0.0001; 8406 struts analyzed; 
four patients) (Figures 2 & 3) [32]. At this OCT 
follow-up time, a significantly lower percent-
age of RUTSS >30% (1.0 vs 1.9%; p < 0.0006) 
(Figure  4), malapposed struts (0.5 vs 1.9%; 
p < 0.0001), and uncovered and malapposed 
struts was observed with CAT compared with 
DES (0.1 vs 0.5%; p < 0.0005), whereas no 
difference between CAT and DES was noted 
in terms of struts with thrombotic adhesions 
(0.5 vs 0.8%; p = 0.887) [32]. At the same OCT 
follow-up time, in patients treated with CAT/
BMS, CAT demonstrated a lower percentage 
of RUTSS >30% (0.7 vs 2.2%; p < 0.0001) 
(Figure  5), malapposed struts (0.4 vs 7.4%; 
p < 0.0001), uncovered and malapposed struts 
(0.1 vs 4.1%; p < 0.0001) and struts covered 
with thrombus (0.5 vs 1.1%; p = 0.0018) than 
BMS [32]. 

Patients of wave 2 presented with a mean age 
of 63.4 ± 10.4 years and were predominantly male 
(75%). Among them, five (25%) had STEMI, 
three (15%) UA/NSTEMI and 12 (60%) stable 
angina (Table 1). Again, in patients presenting 
with MI, the randomization procedure ensured 
that the same number of culprit lesions were 
treated with CAT or the control. At quantitative 
coronary angiography there were no significant 
differences among groups with regards to pre-
procedural and postprocedural vessel and lesion 
measurements. At 28–32 days, the higher per-
centage of coverage of CAT compared with DES 
(97.7 vs 90.5%; p < 0.0001; 21,123 struts ana-
lyzed; nine patients) and BMS (97.2 vs 96.5%; 

p < 0.0001; 25,069 struts analyzed; 11 patients) 
was confirmed (Figures 2 & 3) [32]. At this OCT fol-
low-up time, a significantly lower percentage of 
RUTSS >30% (7 vs 11.9%; p < 0.0001) (Figure 4), 
malapposed struts (5.2 vs 9.5%; p < 0.0001), and 
uncovered and malapposed struts (2.9 vs 5.3%; 
p < 0.0001) was observed in CAT compared 
with DES, whereas no differences were noted 
in terms of strut covered with thrombus (0.3 vs 
0.2%; p = 0.098) [32]. A significantly lower rate of 
malapposed struts (4.4 vs 1.2%; p < 0.0001) and 
uncovered and malapposed struts (1.6 vs 0.5%; 
p < 0.0001) was found in CAT compared with 
BMS; no differences were observed in terms of 
RUTSS >30% (2.8 vs 3.2%; p = 0.670) and strut 
covered with thrombus (0.5 vs 0.5%; p = 0.330) 
(Figure 5) [32]. Furthermore, at 28–32 days OCT 
follow-up, mean and maximum % NIH were 
similar between CAT and DES (mean% NIH: 
17.0 ± 9.1 vs 10.4 ± 4.7 µm; p = 0.080; max-
imum% NIH: 31.6 ± 13.4 vs 25.2 ± 7.3 µm; 
p = 0.258) and between CAT and BMS (mean% 
NIH: 17.0 ± 12.6 vs 16.0 ± 9.2 µm; p = 0.720; 
maximum% NIH: 30.8 ± 14.6 vs 26.2 ± 10.9 
µm; p = 0.368) [32]. 

Conclusion
The REVEAL study aimed to investigate the 
early stages of the re-endothelization process. 
At 1 week after stent implantation, regardless 
of the type of stent used (CAT, BMS or DES), 
high endothelization rates were found with more 
than 80% of coverage in each stent. At 1 month 
follow-up, CAT and BMS, although the latter at 
a lower speed, showed continuous vessel healing 

Table 1. Clinical presentation of the study cohorts.

Clinical presentation Wave 1 Wave 2

CAT vs DES                                n = 4 n = 9

Stable angina 2 (50%) 7 (78%)

UA/NSTEMI
• CAT on culprit lesion
• DES on culprit lesion

0 (0%)
0 (0%)
0 (0%)

2 (22%)
1 (11%)
1 (11%)

STEMI
• CAT on culprit lesion
• DES on culprit lesion

2 (50%)
1 (25%)
1 (25%)

0 (0%)
0 (0%)
0 (0%)

CATs vs BMS n = 4 n = 11

Stable angina 0 (0%) 5 (45%)

UA/NSTEMI
• CAT on culprit lesion
• DES on culprit lesion

0 (0%)
0 (0%)
0 (0%)

1 (9%)
1 (9%)
0 (0%)

STEMI
• CAT on culprit lesion
• DES on culprit lesion

4 (100%)
2 (50%)
2 (50%)

5 (45%)
2 (18%)
3 (27%)

BMS: Bare-metal stent; CAT: CATANIA™ stent; DES: Drug-eluting stent; NSTEMI: Non-ST elevation 
myocardial infarction; STEMI: ST-elevation myocardial infarction; UA: Unstable angina.
Data taken from [63].
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1 week after PCI, with almost complete stent 
strut coverage (97.2 and 96.5%, respectively). At 
the same follow-up time, DES showed a degree 
of coverage close to that present at the earlier 
follow-up time-point, indicating the presence 
of a plateau in the speed of neointimal prolif-
eration after DES implantation. This rate of 
coverage, adding to previously published OCT 

data regarding DES coverage at 3 and 6 months 
[14,17,36,37], remains almost unchanged for sev-
eral months, thus justifying the current recom-
mendation of prescribing DAPT for at least 
12 months after DES implantation. 

Future perspective
Although ST is clearly a multifactorial phe-
nomenon [13,38,39], attention has been recently 
focused on the speed and degree of stent 
surface endothelial coverage after implanta-
tion. The efforts of coronary bioengineers 
are aimed at researching new technical solu-
tions to reduce the magnitude of ST, affect-
ing not only early- and mid-term safety, but 
also, ST being detectable at a constant rate of 
0.6% per year up to 3 years after implanta-
tion, long-term safety [7]. Second-generation 
DES have more biocompatible polymers and 
have demonstrated impressive safety results at 
mid- and long-term follow-up [40–42]. However, 
second-generation stents have not completely 
addressed the issues related to DES use [43]. 
New therapeutic strategies are currently are 
under investigation in preclinical and clinical 
trials, building on the knowledge and experi-
ences gained from the first- and second-gener-
ation DES: durable polymers DES [44], biode-
gradable polymers DES [45–48], polymer-free 
DES [49], stents with novel coatings [50–53] and 
completely biodegradable stents [54,55]. 

Several different biotechnology solutions are 
currently under examination but it is clear that 
only time will tell which is the most appropriate 
and that no single stent design and polymer type 
will be suitable for all patients and lesion types. 
Based on this background, CAT could serve as 
an effective new-generation therapeutic option, 
and this is currently under examination in the 
ATLANTA II trial, a large real world population 
with encouraging preliminary results and long 
follow-up time (2 years) [56]. Moreover, when 
considering the choice of stent, patient charac-
teristics and, in particular, the individual ability 
to be prescribed with long-term DAPT, should 
be taken into account. Although the optimal 
duration of DAPT has not been well estab-
lished, DAPT beyond 1 year has become the 
usual preventive treatment indicated after DES 
implantation [6]. It is well known that prema-
ture DAPT discontinuation is associated with 
a higher rate of ST [3,9,57,58] and that prolonged 
DAPT is associated with an increased risk of 
bleeding [59,60] and some limitations, such as 
the inability to perform early noncardiac sur-
gery [61,62]. The short period of DAPT required 
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Figure 4. Comparison of ratio of uncovered to total struts per section >30% 
with CATANIA™ stent versus drug-eluting stent at 7–10 days (wave 1) and 
28–32 days (wave 2) optical coherence tomography follow-up.
CAT: CATANIA™ stent; DES: Drug-eluting stent.
Data taken from [63].

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

%

Wave 1 Wave 2

0.70%

2.20%

2.80% 3.20%

p < 0.0001

p = 0.670

CAT BMS

Figure 5. Comparison of ratio of uncovered to total struts per section >30% 
in CATANIA™ stent versus bare-metal stent at 7–10 days (wave 1) and 
28–32 days (wave 2) optical coherence tomography follow-up.
BMS: Bare-metal stent; CAT: CATANIA™ stent.
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after CAT implantation (only 1 month) makes 
post-PCI patient management more manage-
able and free from DAPT-related adverse events. 
This short duration of DAPT is justified by the 
REVEAL OCT analysis (both at 7–10  days 

and at 28–32 days) with demonstration of a 
greater velocity and homogeneity of strut re-
endothelization with the CAT stent, compared 
with both DES and BMS. This finding, while it 
could be predictable in the comparison between 

Executive summary

Stent properties
�� Chromium–cobalt platform.
�� Open-cell design.
�� Strut thickness 65/74 µm (stent size 2.00–2.75/3.00–4.00).
�� Polyzene-F™ ultra-thin coverage (40 nm):

–	 Low platelet apposition (low induction of glycoprotein IIb/IIIa [GP IIa/IIIb] receptors)

–	 Low affinity to fibrinogen, fibronectin and von Willebrand factor

–	 High albumin adsorption

–	 Low inflammatory response (no complement factor activation)

–	 Bacterial resistance

–	 Not immunoreactive

Study design
�� Prospective head-to-head optical coherence tomography (OCT) study.
�� Comparison between CATANIA™ (CAT) stent and bare-metal stent (BMS) or CAT and drug-eluting stent (DES).
�� Two waves with different OCT follow-up time:

–	 OCT follow-up at 7–10 days

–	 OCT follow-up at 28–32 days

Inclusion criteria
�� 18–75 years of age.
�� Multifocal/multivessel coronary artery disease.
�� Lesion length <20 mm.
�� Lesion Type A or Type B (American College of Cardiology/American Heart Association lesion angiographic classification).
�� Lesion treatable with either CAT or BMS/DES.
�� Single stent implantation/bail-out overlapping stent implantation.

Exclusion criteria
�� Chronic kidney disease (serum creatinine >2.0 mg/dl).
�� Left ventricular ejection fraction <30%.
�� Previous percutaneous coronary intervention (PCI) <6 months.
�� Cardiogenic shock.
�� Suspected or documented systemic and/or infectious disease.
�� Cardiac and extracardiac disease requiring surgical repair.
�� Hypersensivity to contrast media or any PCI-related drugs/products.
�� Extreme coronary tortuosity.
�� Diffuse and severe coronary calcifications.
�� Debulking device.

Results
�� 7–10 days OCT follow-up (wave 1):

–	 CAT versus DES: better stent strut coverage with CAT (90.0 vs 85.9%; p < 0.0001; 7975 struts analyzed; four patients) and 
significantly lower ratio of uncovered to total struts per section (RUTSS) >30% (1.0 vs 1.9%; p < 0.0006);

–	 CAT vs BMS: better stent strut coverage with CAT (90.2 vs 83.6%; p < 0.0001; 8406 struts analyzed; four patients) and 
significantly lower percentage of RUTSS >30% (0.7 vs 2.2%; p < 0.0001).

�� 28–32 days OCT follow-up (wave 2):
–	 CAT vs DES: better stent strut coverage with CAT (97.7 vs 90.5%; p < 0.0001; 21,123 struts analyzed; nine patients) and 

significantly lower percentage of RUTSS >30% (7 vs 11.9%; p < 0.0001);

–	 CAT vs BMS: better stent strut coverage with CAT (97.2 vs 96.5%; p < 0.0001; 25,069 struts analyzed; 11 patients) and no 
differences in terms of RUTSS >30% (2.8 vs 3.2%; p = 0.670).

Future perspective
�� CAT could serve as an effective new-generation therapeutic option, particularly in some subsets.
�� The Rapid Evaluation of Vessel Healing after Angioplasty (REVEAL) study suggests an innovative approach in stent biotechnology 

research that may allow the study of new stents in the early phases after implantation in order to gain important information relevant to 
trial design and clinical development.
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CAT and DES, is a surprising and encourag-
ing result in the comparison between CAT and 
BMS. In addition, the REVEAL study suggests 
an innovative approach in coronary biotechnol-
ogy research since it suggests how it is possible to 
study in vivo human coronary responses to stent 
implantation and how it is feasible to systemati-
cally obtain useful OCT chronologic and mor-
phologic information even in the period which 
immediately follows PCI.
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