
INTRODUCTION

For many years, quantitative coronary angiography (QCA)
has been the gold standard for the assessment of the effi-
cacy of percutaneous coronary intervention (PCI). More-
over it has been routinely used to define endpoints in recent
clinical trials (Morice et al., 2002; Mauri et al., 2005).
However, these angiographic endpoints are surrogates for
intimal hyperplasia, which is the main mechanism leading
to in-stent restenosis (Serruys et al., 2006; Weintraub,
2007). With the invention of intravascular imaging meth-
ods, direct visualisation of the arterial wall is feasible.
Intravascular ultrasound (IVUS) is the oldest catheter-based
imaging technology that yields a cross-sectional view of
coronary artery from the inside-out using a miniaturised ul-
trasound transducer (Yock et al., 1989). By colour-coding
ultrasound radiofrequency backscatter, IVUS data can be
correlated to the vascular histology of the normal and dis-
eased arteries. This method — virtual histology (VH) —
uses algorithms to generate a colour map of the vessel struc-
ture content coding for fibrous, necrotic, calcified, and

fibro-fatty tissue (Kawasaki et al., 2001; Nasu et al., 2006).
Optical coherence tomography (OCT) is optical technology
with approximately ten-fold higher resolution than ultra-
sound-based approaches (Tearney et al., 2003). Intracoron-
ary angioscopy is an endoscopic technology that allows di-
rect visualisation of the surface colour and superficial
morphology of atherosclerotic plaque, thrombus, neointima,
or stent struts (Honda and Fitzgerald, 2008).

Nowadays both QCA and intravascular imaging methods,
mainly IVUS and recently VH and OCT, have been used to
assess the safety and long-term efficacy of stenting. Besides
neointimal proliferation, we can evaluate delayed endo-
thelisation after stent implantation, which is the main mech-
anism of stent thrombosis (Joner et al., 2006; Luscher et al.,
2007). Previous studies have demonstrated the similarity of
QCA and intravascular imaging in low-risk patient popula-
tion (Escolar et al., 2007). However, there is little data on
IVUS versus QCA or OCT comparison after complex lesion
stenting (i.e., bifurcations, left main coronary artery disease,
chronic total occlusions, saphenous vein grafts) (Semeraro
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Unlike quantitative coronary angiography (QCA), intravascular imaging methods allow direct visu-
alisation of the arterial wall. Our goal was to determine several intravascular ultrasound (IVUS)
and optical coherence tomography (OCT) parameters of neointimal proliferation and stent
endothelisation after complex lesion intervention compared to QCA. We examined 261 patients
who had underwent percutaneous intervention with bare metal (BMS) or drug eluting stent (DES)
implantation for complex coronary lesions and had IVUS or OCT images at six-month follow-up.
Percent diameter stenosis (QCA) was 25.2 ± 16.0 in BMS vs 21.7 ± 17.4 in DES (P < 0.05). Per-
cent neointimal volume obstruction (IVUS) was 19.5 ± 14.4 in BMS vs. 5.8 ± 7.7 in DES (P <
0.001). A moderate correlation was observed between QCA and IVUS with an r value of 0.384
overall, 0.472 for BMS and 0.416 for DES (P < 0.001 for all). In patients with chronic total occlu-
sions (n = 161) QCA was similar in BMS and DES patients (P > 0.05) while IVUS showed less
neointima in DES (P < 0.05). Total number of uncovered stent struts per OCT image was 0.4
± 0.8 while per IVUS image 1.2 ± 1.5 (P < 0.001). In conclusion, angiographic indexes correlate
with volumetric intravascular parameters. Although IVUS was more sensitive than QCA to assess
neointimal proliferation, the assessment of stent endothelisation was more precise using OCT.
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et al., 2009). Moreover, the QCA and intravascular image
acquisition and quantitative analysis have to be adjusted to
patients with complex coronary lesions.

Our goal was to determine several IVUS and OCT parame-
ters of neointimal proliferation and stent endothelisation af-
ter complex lesion intervention as compared to QCA in-
dexes to better understand the relative strengths and
weaknesses of these parameters.

MATERIALS AND METHODS

Study population. We searched our PCI registry for pa-
tients who had underwent percutaneous coronary interven-
tion with bare metal stent (BMS) or drug eluting stent
(DES) implantation for complex coronary lesions — long
calcified lesions, chronic total occlusions, bifurcations, and
left main coronary artery disease. Patients were eligible for
the study if they had follow-up angiography with intravas-
cular imaging (IVUS or OCT) performed six months after
PCI. QCA, IVUS and OCT measurements were performed
off-line at the Rîga core lab blinded to the treatment arm.

QCA protocol. Aspirin (100 mg) and intravenous heparin
(100 U/kg) were administered before coronary catheterisa-
tion. Coronary angiograms were performed by the conven-
tional radial or femoral approach using a 6-F sheath and
catheters after intracoronary nitrate administration. For
QCA analysis we used a computer-based system QAngio
XA version 7.0 (MEDIS Medical Imaging Systems Inc,
Leiden, Netherlands) dedicated to straight segment and bi-
furcation analysis. Calibration of the system was based on
catheter dimensions while unfilled with contrast medium.
Two dimensional measurements were obtained in the
stented segment and in 5 mm reference segments proximal
and distal to the stent edge. The minimum lumen diameter
(MLD) and reference vessel diameter (RVD) were meas-
ured from diastolic frames before and after the PCI proce-
dure and at six months follow-up. Late lumen loss was de-
fined as MLD post treatment minus MLD at follow-up,
percent diameter stenosis (%DS) was calculated as (1-
MLD/RVD) multiplied by 100. %DS is a comparison of
two linear dimensions with a goal to obtain a surrogate
measure of intimal hyperplasia thickness within the stent.

IVUS protocol. Following intracoronary nitrates IVUS im-
ages were acquired using automated pullback at 0.5 mm/s
speed aiming to start at least 10 mm distal and to end at
least 10 mm proximal to the stent with the commercially
available imaging system GALAXY II (Boston Scientific
Corporation, Natick, Massachusetts, USA) at baseline and
follow-up. In bifurcation lesions IVUS images of both main
vessel and side branch were acquired. Two-dimensional and
volumetric IVUS analysis was performed off-line using a
computer-based quantitative analysis system (QCU–CMS
version 4.14 MEDIS Medical Imaging Systems Inc, Leiden,
Netherlands).

The lesion segment was classified as a culprit lesion with 5
mm of proximal and distal reference (most normal appear-
ing) segments. Vessel, stent and lumen contours were auto-
matically detected and manually corrected at 6-frame inter-
vals; interpolated measurements of the remaining frames
were automatically generated. Two dimensional analysis in-
cluded minimum lumen diameter (MLD) and minimum lu-
men area (MLA). In-stent late loss in lumen diameter (or lu-
men area) was calculated as postprocedural lumen
dimensions (MLD or MLA) minus follow-up dimensions
(MLD or MLA). Three-dimensional (volumetric) analysis
included vessel, plaque, stent, neointimal, and lumen vol-
ume measurements. Volume index was calculated as vol-
ume data divided by stent length to adjust volume measure-
ment for stent length. Percent neointimal volume
obstruction (%NIV) was defined as the ratio of the volume
of neointimal hyperplasia to the volume of the stent multi-
plied by 100.

OCT protocol. An OCT catheter (Image Wire, Light Lab
Imaging, Westford, Massachusetts) was advanced to the
distal end of the culprit lesion. Once the image wire was po-
sitioned in the target vessel, it was pulled back at 2 mm/sec
speed. Pull-back was performed during simultaneous man-
ual infusion of a viscous isosmolar infusion from the guid-
ing catheter to remove the blood from the field of view. The
OCT images were analysed with a computer-based quantita-
tive analysis system (QCU–CMS version 4.14 MEDIS
Medical Imaging Systems Inc, Leiden, Netherlands) dedi-
cated for IVUS analysis. The areas and diameters of stent,
lumen, and neointimal hyperplasia were measured every
1 mm within the stented segment. The neointimal coverage
of stent struts were assessed every 1 mm within the stented
segment. OCT and IVUS images were analysed by side-
by-side viewing of follow-up studies, review of landmarks
and pullback speed, frame-by-frame comparison for match-
ing segments. Representative OCT and IVUS images ob-
tained during follow-up angiography shown in Figure 1.

Statistics. Statistical analyses were performed using SPSS
12.0 for Windows (SPSS Inc., Chicago, IL, USA). Continu-
ous variables were presented as mean ± standard deviation
and were compared using unpaired Student’s t-test or
Mann-Whitney rank-sum test, depending on variable distri-
bution. Linear regression analysis was used to investigate
the relationship between QCA and IVUS parameters and
IVUS and OCT indexes. All statistical tests were 2-sided,
and a P value < 0.05 was considered statistically significant.
All data for QCA and IVUS refer to the offline analysis.

RESULTS

Two-hundred-sixty-one patients were included in our analy-
sis. All patients had QCA and IVUS data. Of these, 20 pa-
tients had paired OCT and IVUS data. Baseline clinical, le-
sion and procedural characteristics of the study population
are shown in Table 1.
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Angiographic and IVUS comparison at follow-up. The

principal QCA and IVUS data acquired during follow-up

are presented (Table 2).

There were statistically significant moderate correlations

between corresponding two dimensional parameters (mini-

mum lumen diameter and minimum lumen diameter late

loss) by QCA and IVUS. Likewise moderate correlations

were observed between two dimensional QCA parameters

(MLD late loss, % diameter stenosis) and three dimensional

IVUS parameters (% neointimal volume obstruction). A

similar pattern of correlations was observed when we com-

pared QCA and IVUS-derived data separately in patients af-

ter DES and BMS implantation. However, correlations

within the BMS group tended in general to be stronger than

within the DES group (see Table 3).

When we compared QCA and IVUS parameters in DES

versus BMS patients, the statistical significance was noted

in both QCA and IVUS indexes (Table 3). However, when

we compared DES and BMS groups in different subsets of

lesions, the QCA indexes for patients with chronic total oc-

clusions did not differ significantly between BMS and DES

groups unlike IVUS parameters (Table 4).

IVUS and OCT comparison at follow-up. OCT images

were acquired in 20 patients with left main disease and

compared to IVUS images obtained during the same angi-

ography procedure. Two patients were excluded from OCT

analysis because of incomplete image acquisition. Analyz-

able OCT images were acquired in 18 patients. We com-

pared 200 corresponding IVUS and OCT cross-sectional

Fig. 1. Corresponding images by

IVUS and OCT six months after

DES implantation. Unlike OCT

(right), there is no visually detect-

able neointimal proliferation in

IVUS image (left).

T a b l e 1

PATIENT, LESION AND PROCEDURAL CHARACTERISTICS

Patient and lesion number 261

Mean age, mean± SD (years) 59.9 ± 10.3

Male, n (%) 208 (80)

Current smokers, n (%) 69 (26)

Diabetes mellitus, n (%) 33 (13)

Family history, n (%) 115 (44)

Previous myocardial infarction, n (%) 144 (55)

Hypertension, n (%) 150 (58)

Hypercholesterolemia, n (%) 185 (71)

Indication for PCI:

Stable angina, n (%) 235 (90)

Unstable angina, n (%) 14 (5)

Acute myocardial infarction, n (%) 12 (5)

Lesion location, n (%):

LM – LAD – Cx – RCA 91 (35) – 116 (44) – 17 (7) – 37 (14)

Lesion complexity, n (%):

Total occlusion – Bifurcation 161 (62) – 127 (49)

Cutting balloon intervention, n (%) 201 (77)

Stenting, n (%): DES – BMS 163 (62) – 98 (38)

BMS, bare metal stent; Cx, circumflex artery; DES, drug eluting stent;

LAD, left anterior descending artery; LM, left main; PCI, percutaneous

coronary intervention, RCA, right coronary artery.

T a b l e 2

QCA AND IVUS PARAMETERS AT FOLLOW-UP

Overall

n = 261

DES patients

n = 163

BMS patients

n = 98

P value

(DES vs

BMS)

QCA (in-stent)

MLD 2.3 ± 0.7 2.3 ± 0.7 2.4 ± 0.7 > 0.05

%DS 22.8 ± 17.0 21.7 ± 17.4 25.2 ± 16.0 < 0.05

MLD late loss 0.4 ± 0.7 0.3 ± 0.6 0.6 ± 0.8 < 0.01

IVUS (in-stent)

MLD 2.7 ± 0.5 2.8 ± 0.5 2.7 ± 0.5 > 0.05

MLD late loss 0.3 ± 0.4 0.1 ± 0.2 0.6 ± 0.4 < 0.001

MLA 6.5 ± 2.2 6.1 ± 2.0 7.0 ± 2.4 < 0.05

MLA late loss 1.4 ± 1.7 0.6 ± 0.9 2.8 ± 1.8 < 0.001

Intimal index 1.2 ± 1.6 0.5 ± 0.7 2.3 ± 1.9 < 0.001

%NIV 10.9 ± 12.6 5.8 ± 7.7 19.5 ± 14.4 < 0.001

BMS, bare metal stent; DES, drug eluting stent; IVUS, intravascular ultra-

sound; MLA, minimum lumen area; MLD, minimum lumen diameter,

QCA, quantitative coronary angiography; %DS, percent diameter stenosis;

%NIV, percent neointimal volume obstruction.
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images. The mean minimum lumen diameter was 3.2 ± 0.4

mm by both IVUS and OCT. The mean minimum lumen

area was 8.1 ± 1.8 mm
2

by IVUS and 8.1 ± 2.2 mm
2

by

OCT. The correlations between IVUS and OCT measure-

ments were strong and significant (Figs. 2 and 3). However,

when we compared the degree of stent endothelisation by

IVUS and OCT, total number of uncovered stent struts per

image was 0.4 ± 0.8 by OCT and 1.2 ± 1.5 by IVUS (P <

0.001).

DISCUSSION

Intravascular ultrasound is an important tool for confirming

the presence of significant stenosis in left main or other

complex lesions and also for guiding selection of stent size,

assessing the presence of calcification, and documenting the

involvement of the distal left main vessel and its branches.

Intravascular ultrasound measurement of minimum lumen

diameter and area stenosis was shown as the most important

quantitative predictor of cardiac events (Abizaid et al.,

1999).

The main finding of our study was that two-dimensional

and three-dimensional (volumetric) IVUS parameters corre-

late with two dimensional QCA indexes after complex le-

sion intervention. Although they assess the same biologic

process, our study showed only a moderate relation between

QCA and IVUS parameters. The most commonly used

angiographic endpoint in randomised clinical trials are late

lumen loss and % diameter stenosis (Mauri et al., 2005;

Pocock et al., 2008). Our analysis showed that %DS corre-

lated with %NIV with an r value of 0.384 overall, 0.472 for

BMS and 0.416 for DES. Our data is consistent with data

from meta-analysis by Escolar et al. (2007). However, some

T a b l e 3

QCA VERSUS IVUS CORRELATIONS AT FOLLOW-UP

r

MLD (QCA) vs MLD (IVUS)

Overall

BMS

DES

0.488

0.544

0.451

MLD loss (QCA) vs MLD loss (IVUS)

Overall

BMS

DES

0.450

0.323

0.361

MLD loss (QCA) vs %NIV (IVUS)

Overall

BMS

DES

0.422

0.388

0.379

%DS (QCA) vs %NIV (IVUS)

Overall

BMS

DES

0.384

0.472

0.416

P value was < 0.001; BMS, bare metal stent; DES, drug eluting stent;

IVUS, intravascular ultrasound; MLD, minimum lumen diameter, QCA,

quantitative coronary angiography; %DS, percent diameter stenosis;

%NIV, percent neointimal volume obstruction.

T a b l e 4

QCA AND IVUS PARAMETERS AT FOLLOW-UP IN SUB-POPULA-

TIONS

Left main lesions N=91 Total occlusions N=161

DES

n = 48

BMS

n = 43

P value DES

n = 100

BMS

n = 61

P value

QCA (in-stent)

%DS 15.9 ± 9.3 22.3 ±

15.7

<0.05 25.7 ±

19.1

24.0 ±

15.9

>0.05

MLD late loss 0.3 ± 0.4 0.5 ± 0.7 <0.05 0.4 ± 0.7 0.5 ± 0.8 >0.05

IVUS (in-stent)

MLD late loss 0.2 ± 0.2 0.6 ± 0.3 <0.001 0.2 ± 0.3 0.6 ± 0.4 <0.001

MLA late loss 1.0 ± 0.9 2.7 ± 1.5 <0.001 1.0 ± 1.0 2.7 ± 1.7 <0.001

Intimal index 0.8 ± 0.6 1.9 ± 1.2 <0.001 0.8 ± 0.8 2.1 ± 1.7 <0.001

%NIV 7.5 ± 6.9 16.2 ±

10.7

<0.05 8.9 ± 8.2 18.1 ±

12.7

<0.05

BMS, bare metal stent; DES, drug elutin stent; IVUS, intravascular ultra-

sound; MLA, minimum lumen area; MLD, minimum lumen diameter,

QCA, quantitative coronary angiography; %DS, percent diameter stenosis;

%NIV, percent neointimal volume obstruction.

Fig. 2. Correlation of IVUS minimum lumen diameter versus OCT lumen

diameter.

Fig. 3. Correlation of IVUS minimum lumen area versus OCT lumen area.
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randomised studies have showed stronger correlation be-
tween QCA and IVUS (Park et al., 2003; Mintz et al.,
2005). The probable explanation is the difference in lesion
characteristics and the reduced total degree of neointimal
proliferation in our study. %NIV even in the BMS popula-
tion in our study was lower (19.5 ± 14.4 our study vs. 29.1
± 19.2 ASPECT study) (Mintz et al., 2005). We can specu-
late that this is a result of plaque pretreatment with cutting
balloon before stent implantation (Erglis et al., 2007). In
our study 77% patients underwent cutting balloon interven-
tion before stent implantation.

It is well-known that DES implantation reduces neointimal
proliferation (Sousa et al., 2001). The benefit of DES im-
plantation with regard to neointimal proliferation was ob-
served in our study overall (n = 261) and in the subset of
patients with left main coronary artery disease (n = 98). Yet
in the subset of patients with chronic total occlusions (n =
161) there was statistically significant less neointima by
IVUS parameters in DES compared to BMS while QCA pa-
rameters were similar in both groups. We can assume that
IVUS is more accurate tool for assessment of neointimal
proliferation. With intravascular ultrasound measurements
compared to QCA smaller sample sizes should be necessary
to show a significant reduction in in-stent neointimal tissue
accumulation.

The second main finding of our study was that there was a
strong correlation between IVUS and OCT parameters. This
corresponds to findings in other trials (Yamaguchi et al.,
2008). However, when we compared stent strut coverage
with neointimal tissue there were more uncovered struts per
one IVUS image compared to OCT. We can assume that of-
ten the assessment of stent endothelisation is below the res-
olution of IVUS. Although OCT was superior to IVUS in
visualisation of microscopic structures of the coronary arter-
ies, an important limitation of this technique is the need to
displace blood during OCT image acquisition and substan-
tial signal attenuation of the OCT source light, and low pen-
etration of the signal. Therefore, in our small subset of pa-
tients with large vessel (left main) disease complete image
acquisition was impossible in two patients (10%).

The present study was carried out in a retrospective manner.
Small inaccuracies cannot be completely ruled out because
of the absence of dedicated software for OCT analysis and
IVUS bifurcation analysis.

In conclusion, QCA and IVUS measures of lumen dimen-
sions correlated at single time points. Angiographic % di-
ameter stenosis correlates moderately with % neointimal
volume obstruction by IVUS in our study population. How-
ever, intravascular ultrasound measurements of neointimal
hyperplasia use superior to QCA for assessing the effect of
different stenting strategies on in-stent neointimal tissue ac-
cumulation and in-stent restenosis while OCT was a more
accurate tool for evaluation of stent endothelisation. There-
fore, the use of IVUS and OCT should be encouraged in
comparison studies aimed at revealing significant neo-
intimal differences in small sample size populations.
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INTRAVASKULÂRÂS ATTÇLDIAGNOSTIKAS UN KVANTITATÎVÂS KORONÂRÂS ANGIOGRÂFIJAS SALÎDZINÂJUMS
NEOINTÎMAS NOVÇRTÇÐANAI PÇC STENTA IMPLANTÂCIJAS SAREÞÌÎTOS KORONÂRO ARTÇRIJU BOJÂJUMOS

Ar intravaskulârâs attçldiagnostikas metodçm, atðíirîbâ no kvantitatîvâs koronârâs angiogrâfijas (QCA), ir iespçjams vizualizçt artçrijas
sieniòu. Mûsu mçríis bija salîdzinât daþâdus neointîmu raksturojoðus intravaskulârâs ultraskaòas (IVUS) un optiskâs koherences
tomogrâfijas (OCT) parametrus ar QCA râdîtâjiem pacientiem pçc intervences sareþìîtos koronâros bojâjumos. Mçs analizçjâm 261
pacientu, kam veikta perkutâna koronâra intervence sareþìîtos bojâjumos ar parasta metâla (BMS) vai zâlçm pildîta stenta (DES)
implantâciju un seðu mçneðu apsekoðanas angiogrâfijas laikâ veikta IVUS vai OCT. Procentuâlâ diametra stenoze (QCA) bija 25,2 ± 16,0
BMS un 21,7 ± 17,4 DES grupâs (P < 0,05). Procentuâlâ neointîmas tilpuma obstrukcija (IVUS) bija 19,5 ± 14,4 BMS un 5,8 ± 7,7 DES

grupâ (P < 0,001). Pacientiem ar hroniskâm totâlâm oklûzijâm (n = 161) QCA parametrs bija lîdzîgs abâs grupâs (P > 0,05), bet IVUS
neointîmu novçroja mazâk DES grupâ (P < 0,05). Starp QCA un IVUS novçroja mçrenu korelâciju ar r vçrtîbu 0,384 kopçjâ populâcijâ,
0,472 BMS un 0,416 DES grupâs (P < 0,001 visâs populâcijâs). Kopçjais nepârklâto stenta ðûnu skaits uz vienu OCT attçlu bija 0,4 ± 0,8,
bet uz vienu IVUS attçlu 1,2 ± 1,5 (P < 0,001). Angiogrâfiskie râdîtâji korelç ar volumetriskajiem intravaskulârajiem râdîtâjiem. Tomçr
IVUS ir daudz jûtîgâka metode nekâ QCA neointîmas proliferâcijas novçrtçðanai, savukârt OCT ir jûtîgâka stenta endotelizâcijas
novçrtçðanai.
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