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Background: Angiographic stenosis of a sidebranch (SB) ostium is common after sin-
gle-stent cross-over, but it is usually not hemodynamically significant. We evaluated
the relationship between the mechanisms of SB stenosis and its hemodynamic signifi-
cance. Methods and Results: We used preinterventional and post-interventional intra-
vascular ultrasound (IVUS) of the main branch (MB) and the SB and post-intervention
fractional flow reserve (FFR) of the SB to assess 40 nonleft main bifurcation lesions af-
ter a single stent cross-over. Although post-stenting angiographic diameter stenosis
>50% was seen in 19 (48%) SB lesions, only 6 (15%) showed FFR < 0.80. Carina shift
was seen in all but one lesion; and plaque shift superimposed on the carina shift was
found in 18 (45%) lesions. The change in plaque area at the SB ostium positively corre-
lated with preprocedural plaque burden at the carina of distal MB r 5 0.341, P 5 0.031).
Plaque shift was more common in lesions with FFR < 0.80 vs. �0.80 (83% vs. 38%, P 5
0.041); and FFR < 0.80 was more frequent in lesions with plaque shift superimposed on
carina shift versus isolated carina shift (28% vs. 5%, P 5 0.041). Conclusions: Although
carina shift was the main mechanism of SB lumen loss after a single stent cross-over
technique, plaque shift superimposed on carina shift appeared to be necessary to
cause a hemodynamically significant stenosis (FFR < 0.80). However, post-procedural
IVUS assessment did not accurately predict the functional significance. VC 2013 Wiley

Periodicals, Inc.
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INTRODUCTION

Even though a single stent strategy is preferred for
the treatment of coronary bifurcation lesions, angio-
graphic sidebranch (SB) luminal narrowing is fre-
quently observed immediately after main branch (MB)
stenting [1–5] However, there is a remarkable discrep-
ancy between angiographic stenosis and physiological
significance of the SB lumen loss; and in most cases

angiographic SB narrowing post-stent cross-over is not
significant when assessed by fractional flow reserve
(FFR) [6] Using intravascular ultrasound (IVUS) there
are two potential mechanisms of this change in SB
ostial geometry, carina shift versus plaque shift [6–11].
While previous studies have suggested that the main
mechanisms of angiographic SB narrowing is carina
shift, the more important question is the mechanism of
hemodynamically significant SB narrowing, that is, a
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SB FFR< 0.80 after cross-over stenting. Thus, the
main aim of this study is to assess the impact of carina
shift versus plaque shift as mechanisms of hemody-
namically significant SB lumen compromise after sin-
gle-stent cross-over in nonleft main bifurcation lesions.

METHODS

Subjects

Between March 2009 and December 2011, we eval-
uated the patients who had a significant stenosis of a
nonleft main bifurcation and underwent drug-eluting
stent implantation with a single-stent cross-over or pro-
visional stent strategy. Both MB- and SB-pullback
IVUS imaging was performed preprocedure and post-
stenting (immediately after MB cross-over stenting)
along with post-stenting FFR measurements in the SB.
Inclusion criteria were lesions with angiographic diam-
eter stenosis (DS) of the SB ostium �50% prestenting
and distal reference lumen diameter of the SB> 2 mm.
We excluded visible thrombus-containing lesions,
lesions with predilation of the SB before preprocedural
IVUS, and SB balloon inflations at any time before
post-stenting SB-pullback IVUS or FFR. Additionally,
patients with myocardial infarction, regional wall
motion abnormality in either the MB or SB territories,
ejection fraction <40%, bypass graft lesions, left main
coronary disease, a significant distal lesion within the
SB, a significant lesion within the MB proximal to the
stented segment, in-stent restenosis, and the inability of
the FFR wire to pass lesions in the SB due to tight ste-
nosis or tortuousity. Then, eight patients were excluded
because IVUS-imaging catheter failed to cross lesions
in the SB through stent struts. Finally, 40 lesions in 40
patients with prestenting and post-stenting IVUS in
both the MB and SB–IVUS and post-stenting FFR in
the SB were included in the current analysis. The tech-
niques of single-stent cross-over were selected by the
operators’ decision. Final kissing balloon inflation was
considered when the SB had significant stenosis
(>50%), decreased FFR (<0.8), deteriorated flow
(TIMI grade flow <3) or serious dissection after MB
stenting. When the result of final kissing balloon infla-
tion was suboptimal, SB stenting was provisionally
performed at the operator’s discretion. We obtained
written informed consent from all patients, and the
ethics committee approved this study.

Angiographic Analysis

Qualitative and quantitative angiographic analysis
was done by standard techniques with automated edge-
detection algorithms (CAAS-5, Pie-Medical,
Netherlands) in the angiographic analysis center of the

CardioVascular Research Foundation, Seoul, South
Korea [12,13] The Medina classification was used to
describe the location and distribution of lesions at the
bifurcation [13].

IVUS Imaging and Analysis

IVUS imaging was performed after intracoronary
administration of 0.2 mg nitroglycerin using motorized
transducer pullback (0.5 mm/s) and a commercial scan-
ner (Boston Scientific/SCIMED, Natick, MA) consist-
ing of a rotating 40 MHz transducer within a 3.2 Fr
imaging sheath. Using computerized planimetry (Echo-
Plaque 3.0, Indec Systems, MountainView, CA), off-
line IVUS analysis was performed in the IVUS core
laboratory of Asan Medical Center (Seoul, South
Korea).

Four segments of the bifurcation were assessed pre-
intervention using both MB-pullback and SB-pullback.
The carina was identified as the frame immediately
distal to the take-off of the side branch [14]. From the
MB-pullback the following were identified: (1) MB
just distal to the carina, (2) polygon of confluence
(confluence zone of MB and SB on longitudinal IVUS
image reconstruction in parallel with the angiographic
definition suggested by Ramcharitar [15] and modified
for IVUS analysis [10,16], and (3) MB just proximal
to the polygon of confluence. Separately using the SB
pullback, the ostium of the SB just distal to the carina
was defined. At the minimal lumen area (MLA) site

within each of these four segments, the lumen, stent,
plaque plus media (PþM), and external elastic mem-
brane (EEM) areas were measured by 2D-planimetry.
Plaque burden was calculated as PþM/EEM� 100
(%). At the SB carina a was defined as the EEM diam-
eter along the axis through the centers of both the MB
and SB lumens, and b was defined as the EEM diame-
ter perpendicular to a. Thus, EEM eccentricity at the
SB carina was calculated as [b/a] [10].

Post-stenting, the four segments were identified in
parallel with the preprocedural IVUS analysis. Both
the minimal stent area within each segment and the
stent, lumen, and EEM areas at the SB ostium and ca-
rina were measured [10]. The change in MLA within
the SB ostium (DL), the change in EEM area at the
MLA site (DV), the change in PþM area at the MLA
site (DP), and the change in EEM eccentricity were
calculated. Carina shift was defined as EEM area
reduction (i.e., DV< 0) associated with more eccentric
change in vessel shape (the change in EEM
eccentricity> 0). In contrast, plaque shift was defined
as lumen loss greater than the decrease in EEM (DV/
DL< 1) with a new increase in plaque at the SB
ostium (i.e., plaque shift or DP> 0).
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FFR Measurement

After drug-eluting stent implantation of the MB was
performed using the single-stent cross-over technique
and before any SB balloon inflations, FFR of the SB
was measured. “Equalization” of the two pressures was
performed with the guidewire sensor positioned at the
guiding catheter tip. Then the 0.014-in pressure guide-
wire (St. Jude Medical, Minneapolis, MN) was passed
through the MB stent struts into the distal SB; and
FFR was measured 5 mm distal to the SB ostium at
maximal hyperemia induced by intravenous adenosine
infusion at 140 lg/kg/min through an antecubital vein.
Hyperemic pressure pull-back recordings were per-
formed as described previously. [10,11,17] The SB ste-
nosis was considered functionally significant when the
post-stent FFR was <0.80.

Statistical Analysis

All statistical analyses were performed using SPSS
(version 10.0, SPSS, Chicago, IL). All values are
expressed as the means 6 one standard deviation (con-
tinuous variables) or as counts and percentages (cate-
gorical variables). Continuous variables were compared
by use of the nonparametric Mann–Whitney test and
Wilcoxon signed-rank tests were used to compare pre-
stenting and post-stenting continuous variables. Cate-
gorical variables were compared with the v2 statistics
or Fisher’s exact test. A P value <0.05 was considered
statistically significant.

RESULTS

Clinical and Angiographic Findings

The baseline clinical and procedural characteristics
in 40 patients are summarized in Table I. The MB was
left anterior descending artery in 95% and left circum-
flex artery in 5%. The SB was 1st diagonal branch in
80%, 2nd diagonal branch in 15%, and obtuse marginal
branch in 5%. The quantitative coronary angiographic
data are shown in Table II.

Immediately after MB stenting with single-stent
cross-over technique, SB FFR was 0.95 6 0.05 at base-
line, and 0.87 6 0.09 at maximal hyperemia. Although
post-stenting DS> 50% was seen in 19 (48%) lesions,
only six (15%) lesions showed FFR< 0.80. The FFR
had, at most, a modest correlation with the preproce-
dural DS (r¼�0.306, P¼ 0.055) or the post-stenting
DS (r¼�0.395, P¼ 0.011) in the SB.

IVUS Predictors of Functional SB Compromise

Table III shows prestenting and post-stenting IVUS
findings of both MB and SB. FFR in the SB after

MB stenting correlated with the preprocedural MLA
(r¼ 0.506, P< 0.001), the preprocedural plaque bur-
den (r¼�0.623, P<0.001), the post-stenting MLA
(r¼ 0.516, P<0.001), and the post-stenting plaque bur-
den (r¼�0.675, P<0.001) within the SB ostium (Fig.
1). FFR in the SB after MB stenting also correlated
with the preprocedural lumen area at the carina of the
distal MB (r¼ 0.397, P¼ 0.011).

Post-stenting FFR <0.80 was seen in only 5 (31%)
of 16 lesions with preprocedural MLA within SB
ostium <3.0 mm2 and in 5 (46%) of 11 lesions with
preprocedural MLA within SB ostium <2.5 mm2. Pre-
procedural plaque burden >50% was shown in 15
lesions, whereas only five (33%) had post-stenting
FFR< 0.80 (Fig. 1). Post-stenting FFR< 0.80 was seen
in 6 (24%) of 25 lesions with post-stenting MLA
within SB ostium <3.0 mm2. Even in the 21 lesions
with post-stenting MLA within SB ostium <2.5 mm2,

TABLE I. Baseline Clinical And Procedural Characteristics

Age (years) 59 6 10

Male, N (%) 28 (70%)

Smoking, N (%) 10 (25%)

Hypertension, N (%) 1 (50%)

Hypercholesterolemia, N (%) 15 (38%)

Diabetes mellitus, N (%) 7 (18%)

Left ventricular ejection fraction, % 61.7 6 5.1

Clinical presentation

Stable angina, N (%) 27 (68%)

Unstable angina, N (%) 12 (30%)

Acute myocardial infarction, N (%) 1 (2%)

Total stent length of MB, mm 27.3 6 5.3

Maximal balloon pressure (MB), atm 12.8 6 3.9

Maximal balloon size (MB), mm 3.4 6 0.3

MB: main branch.

TABLE II. Quantitative Coronary Angiographic Data

Variable Preprocedural After MB stenting

Medina classifications

(1,1,1) 8 (20%)

(1,1,0) 17 (43%)

(0,1,1) 2 (5%)

(1,0,0) 3 (7%)

(0,1,0) 10 (25%)

MLD within distal MB, mm 1.5 6 0.6 2.8 6 0.4a

%DS of distal MB, % 52.2 6 16.5 6.7 6 6.3a

MLD within proximal MB, mm 1.6 6 0.5 3.1 6 0.3a

%DS of proximal MB, % 51.9 6 15.2 7.2 6 5.2a

MLD within SB ostium, mm 1.9 6 0.4 1.6 6 0.7a

%DS of SB ostium, % 24.8 6 16.0 42.6 6 23.2a

TIMI 3 at the MB, N (%) 40 (100%) 40 (100%)

TIMI 3 at the MB, N (%) 40 (100%) 40 (100%)

Angiographic thrombi, N (%) 0 (0%) 0 (0%)

Dissection, N (%) 0 (0%) 0 (0%)

MLD: minimal lumen diameter, DS: %diameter stenosis.

MB: main branch, SB: sidebranch.
aP< 0.01 vs. FFR< 0.80.
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only six (29%) had post-stenting FFR< 0.80. Also, six
(30%) of 20 lesions with post-stenting plaque burden
>50% showed post-stenting FFR< 0.80.

Mechanism of SB Stenosis—Carina Shift Versus
Plaque Shift

Table IV shows changes of IVUS parameters after
MB stenting. After MB stenting, all patients consis-
tently showed a reduction in MLA within the SB
ostium and EEM area at the MLA site (Fig. 2); and 31
(78%) patients showed >10% MLA loss. In all but one
patient, EEM eccentricity increased. The change in
EEM eccentricity index correlated with DV (r¼
�0.400, P¼ 0.011); and there was a significant corre-
lation between DV and DL (r¼ 0.743, P<0.001), (Fig.
3). The post-stenting MLA within SB ostium correlated
with preprocedural lumen area at the carina of distal
MB (r¼ 0.351, P¼ 0.026). Plaque burden at the SB
ostium significantly increased after MB stenting (from
43.4 6 14.7% to 48.7 6 16.1%, P¼ 0.003). The change
in plaque burden at the SB ostium correlated with the
preprocedural lumen area at the carina of the distal
MB (r¼�0.319, P¼ 0.045).

Although the mean value of PþM area did not change
significantly, the change in PþM area (DP) varied
among patients (Fig. 2). While 22 (55%) showed DP< 0,

the remaining 18 (45%) showed DP> 0 with DP
>þ10% being observed in 9 (23%) lesions. The DP pos-
itively correlated with preprocedural plaque burden at
the carina of distal MB (r¼ 0.341, P¼ 0.031), but not
with the plaque burden of proximal MB ostium (r¼
�0.039, P¼ 0.813) or the plaque burden of the SB
ostium (r¼�0.218, P¼ 0.176).

There was a positive correlation between DV/DL
and DP (r¼�0.802, <0.001), (Fig. 4). In 22 (55%)
patients isolated carina shift with no plaque shift (DV/
DL � 1 and DP � 0) was the mechanism of the geo-
metrical change of SB ostium. Conversely, 18 (45%)
patients showed DV/DL< 1 and DP> 0, suggesting
plaque shift superimposed on carina shift.

Impact of Geometrical Change of SB on
Functional Significance

With regard to the mechanism of hemodynamically
significant SB lumen loss, plaque shift was more fre-
quently observed in lesions with FFR< 0.80 in the SB
after single-stent cross-over than in those with FFR �
0.80 (83% vs. 38%, P¼ 0.041). FFR< 0.80 was seen
in five (28%) of 18 lesions with plaque shift superim-
posed on carina shift, whereas only one (5%) of 22
lesions with isolated carina shift had a post-stent SB
FFR< 0.80 (P¼ 0.041).

TABLE III. Intravascular Ultrasound Findings Before and After MB Stenting

Total (n¼ 40) FFR < 0.80 (n¼ 6) FFR � 0.80 (n¼ 34)

Prestenting Post-stenting Prestenting Post-stenting Prestenting Post-stenting

At the distal MB ostium

Lumen area at the MLA site, mm2 3.2 6 1.5 7.3 6 1.8a 2.4 6 0.7 6.0 6 2.4a 3.3 6 1.6 7.5 6 1.6a

EEM area at the MLA site, mm2 9.5 6 3.5 13.1 6 3.3a 7.4 6 1.8 11.2 6 3.5a 9.9 6 3.6 13.4 6 3.2a

Plaque burden at the MLA site, % 64.6 6 15.3 43.6 6 9.2a 66.9 6 11.1 47.6 6 7.2a 64.1 6 15.9 42.9 6 9.4a

Lumen area at carina, mm2 3.8 6 1.8 7.6 6 1.7a 2.4 6 0.7 6.3 6 2.1a 4.1 6 1.8b 7.9 6 1.5a,b

EEM area at carina, mm2 10.0 6 3.8 13.7 6 3.3* 7.2 6 1.9 11.5 6 3.1a 10.5 6 3.8b 14.1 6 3.2a

Plaque burden at carina, % 60.6 6 14.8 43.3 6 8.8a 66.1 6 10.8 45.7 6 8.0a 59.7 6 15.3 42.8 6 9.0a

MLA within the POC, mm2 4.6 6 2.6 8.0 6 1.8 3.6 6 2.0 6.7 6 2.2a 4.8 6 2.7 8.3 6 1.7a,b

At the proximal MB ostium

Lumen area, mm2 5.0 6 3.2 8.5 6 1.6a 4.2 6 1.9 7.2 6 1.4a 5.2 6 3.4 8.8 6 1.5a,b

EEM area, mm2 13.8 6 4.4 16.0 6 3.6a 11.4 6 3.1 13.8 6 3.4a 14.3 6 4.5 16.4 6 3.6a

Plaque burden, % 64.2 6 18.2 45.7 6 8.1a 63.8 6 11.8 47.2 6 7.4a 64.4 6 19.3 45.4 6 8.3a

At the SB ostium

Lumen area at the MLA site, mm2 3.5 6 1.3 2.8 6 1.1a 2.2 6 0.8 1.6 6 0.5a 3.8 6 1.3b 3.0 6 1.1a,b

EEM area at the MLA site, mm2 6.3 6 1.9 5.5 6 1.7a 5.0 6 2.1 4.7 6 1.9 6.6 6 1.8 5.6 6 1.6a

Plaque burden at the MLA site, % 43.4 6 14.7 48.7 6 16.1a 55.5 6 8.0 65.1 6 7.0a 41.2 6 14.7b 45.8 6 15.6a,b

Lumen area at carina, mm2 3.7 6 1.6 2.9 6 1.2a 2.1 6 1.1 1.7 6 0.7 4.0 6 1.5b 3.1 6 1.1a,b

EEM area at carina, mm2 6.3 6 2.0 5.6 6 1.7a 5.0 6 2.1 4.7 6 1.9 6.6 6 1.8b 5.6 6 1.6a

Plaque burden at carina, % 41.5 6 15.8 47.9 6 16.7a 54.8 6 9.4 63.9 6 5.0a 39.1 6 15.7b 45.0 6 16.5a,b

EEM eccentricity index 1.1 6 0.1 1.4 6 0.2a 1.1 6 0.1 1.3 6 0.2 1.1 6 0.1 1.4 6 0.2a

aP< 0.05, post-stenting vs. prestenting.
bP<0.05, FFR � 0.80 vs. FFR < 0.80 (nonparametric).

Post-stenting: immediately after MB stenting.

MLA, minimal lumen area; PþM, plaque plus media; EEM, external elastic membrane; POC: polygon of confluence; MB, main branch; SB, side-

branch.
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Fig. 1. SB ostial morphology and post-stenting SB FFR. A:
Relationship between preprocedural MLA within the SB
ostium and post-stenting FFR. B: Relationship between pre-
procedural plaque burden within the SB ostium and post-
stenting FFR. C: All lesions with post-stenting MLA within SB
ostium �2.5 mm2 had SB FFR � 0.80 after MB stenting, while
6 (29%) of 21 lesions with MLA <2.5 mm2 showed FFR < 0.80.

D: All lesions with post-stenting SB plaque burden >50% had
FFR < 0.80, while 6 (30%) of 20 lesions with plaque burden
>50% showed FFR < 0.80. Among the six lesions with FFR <
0.80, 5 (83%) lesions were associated with plaque shift (red
circle). [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com.]

TABLE IV. Changes of IVUS Parameters After MB Stenting

Total FFR< 0.80 FFR� 0.80

N 40 6 34

At the distal MB ostium

DLumen area at the MLA site, mm2 4.1 6 2.0 3.6 6 2.1 4.2 6 2.0

DEEM area at the MLA site, mm2 3.6 6 2.1 3.8 6 1.9 3.5 6 2.2

DPlaque burden at the MLA site, % �20.9 6 12.9 �19.3 6 12.7 �21.2 6 13.2

DMLA within the POC, mm2 3.4 6 2.2 3.1 6 2.4 3.5 6 2.2

At the proximal MB ostium

DLumen area, mm2 3.5 6 2.8 3.0 6 1.8 3.6 6 2.9

DEEM area, mm2 2.2 6 2.7 2.5 6 0.7 2.1 6 2.9

DPlaque burden, % �18.6 6 18.3 �16.6 6 15.2 �18.9 6 19.1

At the SB ostium

DLumen area at the MLA site, mm2 �0.7 6 0.4 �0.6 6 0.4 �0.8 6 0.4

DEEM area at the MLA site, mm2 �0.8 6 0.6 �0.3 6 0.3 �0.9 6 0.6*

DPlaque burden at the MLA site, % 5.3 6 4.9 9.6 6 5.1 4.5 6 4.5*

DLumen area at carina, mm2 �0.8 6 0.8 �0.4 6 0.5 �0.9 6 0.8

DEEM area at carina, mm2 �0.7 6 1.0 �0.0 6 0.8 �0.8 6 1.0

DPlaque burden at carina, % 6.4 6 7.1 9.2 6 6.0 5.8 6 7.3

DEEM eccentricity index 0.2 6 0.2 0.2 6 0.2 0.3 6 0.2

D: post-stenting–prestenting

*P< 0.05, FFR < 0.80 vs. FFR � 0.80 (nonparametric).
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DISCUSSION

The major findings of this study are summarized as
follows. (1) In nonleft main bifurcation lesions with
SB DS <50% preprocedure, the incidence of functional
SB compromise post-stenting was only 15%. (2) The
small prestenting and post-stenting MLA within the SB
ostium could not predict post-stenting FFR< 0.80. (3)
Carina shift was the most common mechanism of ana-
tomic ostial SB lumen loss after single-stent cross-
over; however, in the subset with functional SB com-
promise, plaque shift appeared to play the more impor-
tant role.

Anatomic Predictors of Functionally Significant
SB Ostial Lumen Compromise

Previous studies reported that only 20–27% of SB lesions
with post-stenting DS >70–75% had FFR< 0.75 [6,8,18].

Consistently, our current study demonstrated that 68% of

the SB with angiographically significant stenosis (DS

>50%) showed normal FFR. In the current study �30% of

the lesions with a small post-stenting MLA within SB

ostium <2.5 mm2 or a large post-stenting plaque burden

>50% showed post-stenting FFR< 0.80.
Our previous analysis in 90 nonleft main bifurcation

lesions suggested that preprocedural MLA within the

Fig. 3. A: Correlation between the change in EEM eccentricity index and the change in EEM
area (DV) of SB ostium. B: Correlation between the change in EEM area (DV) and the change
in MLA (DL) of SB ostium

Fig. 2. Geometrical changes in SB ostium after MB stenting.
A: prestenting and post-stenting MLA within SB ostium. All
patients showed a reduction in MLA after MB stenting
(3.5 6 1.3 mm2 fi 2.8 6 1.2 mm2, P < 0.001). B: A decrease in
EEM area was found in all patients (6.3 6 1.9 mm2 fi 5.5 6 1.7

mm2, P<0.001). C: EEM eccentricity index increased after MB
stenting (1.1 6 0.1 fi 1.4 6 0.2, P < 0.001). D: P1M areas were
not significantly changed(2.8 6 1.5 mm2 fi 2.7 6 1.3 mm2, P 5
0.215),
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SB ostium <2.4 mm2 (sensitivity 94%, specificity
69%) and the plaque burden �51% (sensitivity 75%,
specificity 71%) predicted post-stenting FFR< 0.80
[9]. With the lower PPV <50%, functional significance
of jailed SB could not be reliably predicted by either
preprocedural or postprocedural angiography or IVUS.

Mechanisms of Functionally Significant SB
Compromise

Almost all of our nonleft main bifurcation lesions
showed carina shift characterized by a reduction in
ostial SB vessel and lumen area and a more eccentric
vessel shape after cross-over main vessel stenting. Con-
versely, less than a half of the lesions showed plaque
shift superimposed on carina shift, as indicated by
lumen loss of the SB ostium that was greater than the
reduction in vessel area with new plaque gain at the
SB ostium. Although our previous study reported simi-
lar findings in left main bifurcations, lack of functional
evaluation (i.e., FFR) limited the assessment of the he-
modynamic impact of the changes in SB ostial geome-
try [10]. Previous inferential data showed similar
results in non-LM bifurcation lesions; the sidebranch
was not studied directly, but morphological changes
were assessed by changes in MB segments as a surro-
gate [8]. By directly comparing prestenting and post-
stenting SB-IVUS images, the current study clarified
the changes in SB geometry and their relation to func-
tional significance.

There appears to be a significant difference between
the mechanisms of anatomically significant, but func-
tionally insignificant SB compromise versus SB com-
promise with an FFR< 0.80 after main vessel stenting.
Our data suggests that plaque shift may be required in
order to get functional SB compromise. Thus, while
carina shift is seen in most bifurcation lesions and is
responsible for anatomic changes in both left main and
nonleft main locations, it seems that plaque shift—
whether or not superimposed on carina shift—may be
more important hemodynamically.

A previous angiographic study reported that the min-
imal lumen diameter of the MB distal to the carina in-
dependently predicted SB FFR after MB stenting [8].
Similarly, our data showed a negative correlation
between preprocedural lumen area at the distal MB ca-
rina and post-stenting SB FFR. We found that a
smaller lumen area at the MB carina was related to
a greater increase in SB plaque burden leading to a
smaller lumen area and functional significance at the
SB ostium. Even though a functional SB stenosis was
mainly determined by disease of SB ostium preproce-
dure, severe disease at the MB carina may also contrib-
ute to plaque shift and a functionally significant SB
stenosis.

Limitations

First, the current study evaluated selected lesions
with preprocedural angiographic DS <50%. Second,
post-stenting SB assessment by SB-pullback IVUS
could not be performed in all cases. Third, carina angle
was not assessed by quantitative coronary angiography
or other imaging modalities. Fourth, the number of
hemodynamically significant SB ostial stenosis was
small. Fifth, The FFR cutoff values between 0.75 and
0.80 have been generally used. Although a previous
study suggested SB FFR> 0.75 as a safe cut-off for
deferral [6]. We used the upper limit 0.80 in this anal-
ysis to completely exclude ischemia-inducing lesions.
The optimal IVUS cut-off value predicting post-stent-
ing FFR was not provided due to small sample size
and small number of the cases with functional compro-
mise. Finally, long-term clinical impact of the geomet-
rical change in SB ostium and its hemodynamic
significance were not addressed.

CONCLUSIONS

Functional SB compromise was less common than
anatomical stenosis and could not be predicted by ana-
tomic parameters, whether assessed preintervention or
post-intervention. Although carina shift was a general
mechanism of anatomic SB lumen loss, plaque

Fig. 4. Positive correlation between DV/DL and DP. Isolated
carina shift defined as DV/DL < 1 and DP � 0 was seen in 22
(55%) lesions (yellow area), while plaque shift defined as DV/
DL < 1 and DP > 0 was associated in 18 (45%) lesions (red
area). [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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shift was more likely associated with functional SB
compromise.
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