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Subintimal Versus Intraluminal Approach for 
Femoropopliteal Chronic Total Occlusions 
Treated With Intravascular Ultrasound 
Guidance
Yusuke Tomoi , MD; Mitsuyoshi Takahara, MD, PhD; Shoichi Kuramitsu , MD, PhD;  
Yoshimitsu Soga , MD, PhD; Osamu Iida , MD; Masahiko Fujihara , MD; Daizo Kawasaki, MD, PhD;  
Kenji Ando , MD; on behalf of the IVORY Study Investigators* 

BACKGROUND: The subintimal approach (SA) is widely used in endovascular therapy for femoropopliteal chronic total occlusion 
lesions. However, when compared with the intraluminal approach (IA), the safety and efficacy of SA in real-world practice are 
not well characterized. Furthermore, there is a paucity of data on the clinical impact of subintimal and intraluminal wire pas-
sage (SWP and IWP, respectively) assessed by intravascular ultrasound.

METHODS AND RESULTS: From the IVORY (Intravascular Ultrasound-Supported Endovascular Therapy in Superficial Femoral 
Artery) registry, this study included 500 patients undergoing endovascular therapy for femoropopliteal chronic total occlusion 
lesions (SA, n=67; IA, n=433; and SWP, n=186; IWP, n=314). The primary end point was the cumulative 1-year incidence of 
restenosis. The rate of perioperative complications was also assessed. Propensity score matching analysis was performed 
to adjust for the intergroup differences. After propensity score matching, the final study population consisted of 59 pairs 
(SA, n=59; IA, n=348) and 170 pairs (SWP, n=170; IWP, n=293), respectively. Cumulative 1-year incidence of restenosis was 
comparable between the SA and IA groups (41.0% versus 43.4%, P=0.40). No significant difference in 1-year restenosis rate 
between the SWP and IWP groups was observed (48.2% versus 40.8%, P=0.40), although the SWP group tended to be a 
higher rate of perioperative complications than the IWP group (8.2% versus 4.1%, P=0.07).

CONCLUSIONS: At 1  year, both SA and IA showed acceptable results for femoropopliteal chronic total occlusion lesions. 
Cumulative 1-year incidence of restenosis was not significantly different between SWP and IWP, whereas perioperative com-
plications occurred more frequently in SWP than in IWP.
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Key Words: chronic total occlusion ■ endovascular therapy ■ femoropopliteal lesion ■ intravascular ultrasound

Over the past decade, clinical outcomes of en-
dovascular therapy (EVT) for femoropopliteal 
chronic total occlusion (FP-CTO) lesions have im-

proved by overcoming several challenges.1,2 In partic-
ular, the subintimal approach (SA) was a breakthrough 

in EVT for FP-CTO lesions. Since Bolia et al intro-
duced SA using a 0.035-inch looped guidewire with 
supported catheter for FP-CTO lesions, SA has been 
widely used in EVT for these lesions.3 Recent studies 
have compared clinical outcomes between SA and the 
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intraluminal approach (IA) for FP-CTO lesions, indicat-
ing that SA may be preferable because of a shorter 
procedure time without any increase in the incidence 
of perioperative complications (POC) or decrease in 
the primary patency rate.4,5 To date, however, no pro-
spective real-world data exist on the comparative clini-
cal outcomes of SA versus IA for FP-CTO lesions.

Intravascular ultrasound (IVUS) has been increas-
ingly used to optimize stent deployment in coronary 

artery lesions and to precisely determine the path of 
wire tracking in CTO lesions.6 The clinical outcomes of 
subintimal wire passage (SWP) in coronary CTO lesions 
was comparable to those of intraluminal wire passage 
(IWP),6 whereas there is a paucity of data comparing 
the outcomes of SWP and IWP in FP-CTO lesions. In 
the present study, we sought to compare the 1-year 
outcomes of EVT for FP-CTO lesions between the fol-
lowing groups: (1) SA and IA and (2) SWP and IWP.

METHODS
Study Population
This was a subanalysis of the IVORY registry (Intravascular 
Ultrasound-Supported Endovascular Therapy in 
Superficial Femoral Artery Disease Prospective mul-
ticenter registry); the details of the study protocol are 
described elsewhere.7 For this study, we extracted the 
data pertaining to patients who successfully underwent 
unilateral EVT for de novo FP-CTO lesions with IVUS 
guidance. Patients with (1) bilateral FP-CTO lesion, (2) in-
stent restenotic lesion, (3) non-CTO lesion, or (4) missing 
data on wire passage were excluded from the current 
analysis. The study was conducted in accordance with 
the principles of the Declaration of Helsinki and was ap-
proved by the Ethics Committee of each participating 
hospital. Written informed consent was obtained from 
all patients before participation.

The data, analytic methods, and study materials will 
not be made available to other researchers for purposes 
of reproducing the results or replicating the procedure.

Procedure and Follow-Up Protocol
Dual antiplatelet therapy for ≥2 days before the proce-
dure was recommended. The choice between SA and 
IA was left to the physician’s discretion. After passing the 
guidewire, IVUS images were recorded by auto- or man-
ual pullback at a constant speed of 10 mm/s through the 
study segment to analyze the guidewire crossing route. If 
a suboptimal result was obtained (major flow-limiting dis-
section [≥ grade D] or residual stenosis ≥50%) after pre-
balloon angioplasty, a stent was implanted. The stenting 
strategy (spot or full-covered stenting) and the device 
choice was left at the physician’s discretion. At the end 
of the procedure, IVUS images were acquired. Dual anti-
platelet therapy was recommended for at least 1 month 
following the procedure. Cases with drug-eluting stents 
and stent grafts were advised according to the package 
insert. All cases scheduled the evaluation of clinical out-
comes at 12±2 months following the procedure.

IVUS Analysis
IVUS analysis was performed by experienced physicians 
or technicians at their respective institutions. The wire 

CLINICAL PERSPECTIVE

What Is New?
•	 The discrepancy between the procedural ap-

proach (subintimal approach or intraluminal ap-
proach) and intravascular ultrasound-derived 
wire-crossing pattern (subintimal wire passage 
or intraluminal wire passage) was observed in 
approximately one-third of the patients with 
femoropopliteal chronic total occlusion lesions.

•	 At 1 year, both the subintimal and the intralumi-
nal approaches showed acceptable results for 
femoropopliteal chronic total occlusion lesions 
(41.0% versus 43.4%, P=0.40).

•	 Cumulative 1-year incidence of restenosis was 
not significantly different between subintimal 
wire passage and intraluminal wire passage 
(48.2% versus 40.8%, P=0.40), whereas perio-
perative complications were likely to occur in 
subintimal wire passage than in intraluminal wire 
passage (8.2% versus 4.1%, P=0.07).

What Are the Clinical Implications?
•	 Identifying a wire passage within femoro-

popliteal chronic total occlusion lesions by intra-
vascular ultrasound may result in the reduction 
of perioperative complications.

•	 Further studies are warranted to assess the 
clinical implication of intravascular ultrasound-
guided endovascular therapy for femoro-
popliteal chronic total occlusion lesions in 
contemporary practice.

Nonstandard Abbreviations and Acronyms

CTO	 chronic total occlusion
EVT	 endovascular therapy
IA	 intraluminal approach
IWP	 intraluminal wire passage
POC	 perioperative complication
SA	 subintimal approach
SWP	 subintimal wire passage
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Table 1.  Baseline Clinical Characteristics of SA and IA

Variables

Overall population Matched population

SA (n=67) IA (n=433) SD (%) SA (n=59) IA (n=348) SD (%)

Male sex* 68.7% 70.4% 3.9 72.9% 70.3% 5.8

Age, y* 77±9 74±9 27.3 76±9 76±8 3.6

Current smoking* 29.9% 33.0% 6.8 33.9% 34.4% 1.0

Diabetes mellitus* 50.7% 52.4% 3.4 54.2% 51.3% 5.9

Chronic renal failure* 17.9% 27.9% 24.0 20.3% 22.0% 4.1

On dialysis* 13.4% 18.2% 13.2 15.3% 16.2% 2.7

Chronic heart failure* 7.5% 18.5% 33.2 8.5% 10.7% 7.5

Aspirin use* 67.2% 80.8% 31.5 69.5% 71.4% 4.2

Thienopyridine use* 82.1% 80.6% 3.8 81.4% 83.1% 4.7

Cilostazol use* 37.3% 32.8% 9.5 37.3% 34.3% 6.1

Statin use* 37.3% 53.1% 32.2 40.7% 42.0% 2.7

Anticoagulant use* 16.4% 16.4% 0.1 11.9% 14.8% 8.6

Critical limb ischemia* 34.3% 30.5% 8.2 33.9% 32.9% 2.0

Ankle brachial index* 0.55±0.17 0.53±0.21 7.6 0.55±0.17 0.54±0.21 4.1

(missing data) 4.5% 3.0% 7.8 5.1% 3.4% 8.3

TransAtlantic Inter-Society Consensus II classification*

Class A 0.0% 4.4% 30.3 0.0% 0.0% 0.0

Class B 7.5% 20.8% 39.0 8.5% 10.0% 5.3

Class C 55.2% 40.0% 30.9 54.2% 52.8% 2.9

Class D 37.3% 34.9% 5.1 37.3% 37.2% 0.2

Popliteal involvement 26.9% 32.3% 12.0 28.8% 28.1% 1.5

History of aortoiliac 
revascularization*

34.3% 25.2% 20.1 30.5% 30.3% 0.4

Below-the-knee runoff*

No runoff 9.0% 6.0% 11.2 8.5% 7.7% 2.7

1 runoff 37.3% 29.6% 16.5 32.2% 34.0% 3.9

2 runoffs 38.8% 38.6% 0.5 42.4% 41.8% 1.2

3 runoffs 14.9% 25.9% 27.4 16.9% 16.4% 1.4

Distal reference vessel 
diameter, mm*

5.1±0.8 4.9±1.0 23.3 5.1±0.9 5.1±1.0 7.5

(missing data) 1.5% 0.0% 17.4 0.0% 0.0% 0.0

Lesion length, cm* 23±7 21±9 25.3 23±7 22±7 4.4

Peripheral Arterial Calcium Scoring System classification*

Grade 0 34.3% 35.8% 3.1 33.9% 35.3% 3.0

Grade 1 20.9% 18.7% 5.5 22.0% 21.8% 0.5

Grade 2 14.9% 14.3% 1.7 15.3% 14.3% 2.7

Grade 3 3.0% 11.1% 32.1 1.7% 2.2% 3.4

Grade 4 26.9% 20.1% 16.0 27.1% 26.4% 1.6

Angio-score* 4.1±1.0 4.0±1.2 11.7 4.1±1.0 4.0±1.0 5.8

(missing data) 1.5% 0.0% 17.4 0.0% 0.0% 0.0

Stent implantation* 91.0% 85.0% 18.7 89.8% 89.6% 0.9

Full-covered stenting* 80.6% 68.4% 28.3 78.0% 78.9% 2.3

Stent graft use* 20.9% 4.8% 49.3 15.3% 12.9% 6.9

Drug-eluting stent use* 4.5% 13.2% 31.0 5.1% 6.4% 5.6

Drug-coated balloon 
use*

0.0% 0.5% 9.6 0.0% 0.0% 0.0

Data are expressed as means±SD for continuous variables and percentages for categorical variables. IA indicates intraluminal approach; and SA, subintimal 
approach.

*Variables included in a logistic regression model to estimate propensity score.
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passage route was evaluated after successful guidewire 
crossing, and the passage route was classified as either 
subintimal or intraluminal (ie, intraplaque); intramedial 
wire crossing was included in the SWP group.8 IVUS 
parameters were measured according to a consensus.9

End Points
The primary end point was the cumulative 1-year inci-
dence of restenosis. The secondary end points were 
as follows: procedure time, contrast volume, postpro-
cedural residual stenosis on angiogram, postproce-
dural minimum lumen area by IVUS, postprocedural 
ankle brachial index, occurrence of POC, and 1-year 
clinical events, including all-cause mortality, major am-
putation, and major adverse limb events.

Definitions
SWP was defined as having at least part of the subin-
timal or intramedial wire within the lesions. IWP was 
defined as having intraplaque wiring all through the le-
sions. Restenosis was defined as a peak systolic ve-
locity ratio >2.4 according to duplex ultrasound or the 
recurrence of stenosis ≥50% of the arterial diameter 
as determined by angiography.10 The incidence of 1-
year restenosis was assessed by duplex ultrasound 

or follow-up angiography. The requirement for reinter-
vention within 1 year was automatically classified as 
restenosis. POC was defined as the occurrence of 
at least 1 of the following events within 30 days after 
the index procedure: all-cause death, myocardial in-
farction, stroke, contrast-induced nephropathy, hem-
orrhage requiring transfusion, major amputation (ie, 
surgical limb removal above the ankle), need for any 
reintervention, acute occlusion, distal embolization, 
vascular rupture, blue toe syndrome, and infection at 
the puncture site. Major adverse limb event was de-
fined as any reintervention or major amputation. The 
severity of calcification was assessed according to 
the Peripheral Arterial Calcium Scoring System.11 Full-
covered stenting was defined as a stent implanted 
throughout the target lesions.12 The angio-score was 
measured according to the previous report.7

Statistical Analysis
Data on baseline characteristics are presented as 
means± SD for continuous variables and percent-
ages for categorical variables, unless otherwise men-
tioned. P values of <0.05 were considered statistically 
significant. The differences in baseline characteristics 
between groups were crudely assessed using the 

Figure 1.  Patient flow chart.
CTO indicates chronic total occlusion; EVT, endovascular therapy; and FP, femoropopliteal.
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Welch’s t test for continuous variables, Fisher’s exact 
test for dichotomous variables, and Mann-Whitney U 
test for ordinal categorical variables.

In this study, a propensity score (PS) match-
ing was performed to adjust for the differences in 
baseline characteristics (1) between the SA and IA 
groups and (2) between the SWP and IWP groups. 
PS was estimated by a logistic regression model that 
included patient, lesion, and procedural characteris-
tics listed in Table 1 as exploratory variables. In the 
comparison between the SWP and IWP groups, SA 
versus IA was additionally included in the model. 
Matching was performed on the logit of PS within 
a caliper of 0.2 SD of the logit of PS.13 To maximize 
the statistical power to detect intergroup prognostic 
differences, we extracted as many matched sam-
ples undergoing IA (or IWP) to one undergoing SA 
(or SWP) as possible. After matching, the intergroup 

differences were analyzed with stratification by pairs, 
and the weighted descriptive statistics are reported. 
The difference in binary outcomes was assessed 
using the generalized linear mixed model with a 
logit-link function, whereas that in continuous out-
comes was assessed using the linear mixed model. 
In these models, a matched pair was treated as a 
cluster. Because the data on the procedure time 
and the contrast agent dose were right-skewed, 
they were treated after log transformation. Multiple 
imputation (5 times) was adopted for missing data. 
Point estimates are reported with their 95% CIs. All 
statistical analyses were performed with R version 
3.1.0 (R Development Core Team, Vienna, Austria). 
Propensity score matching was performed using the 
MatchIt package, mixed-model analysis was per-
formed using the lme4 package, and multiple impu-
tation was performed using the mice package.

Figure 2.  Representative case of subintimal approach.
A, Angiography shows a chronic total occlusion (CTO) lesion at the right femoropopliteal artery. B, Subintimal approach is attempted 
with a 0.035-inch guidewire. C, Two bare-metal nitinol stents (orange and blue lines) are successfully implanted. D through G, 
Intravascular ultrasound (IVUS) images of the wire passage within the CTO lesion from proximal (D) to distal (G). The guidewire is 
located in an intraplaque space (red asterisk) at the proximal portion of the lesion (D), whereas it goes through a subintimal space 
(yellow asterisk) thereafter. H through K, IVUS images after stent deployment from proximal (H) to distal (K).
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RESULTS
Study Population
Of the 1766 patients in the IVORY registry, 500 patients 
were enrolled in the present study (Figure 1). One-year 
clinical follow-up was completed in 389 patients (77.8%).

Baseline Clinical Characteristics Between 
SA and IA
SA and IA were performed in 67 (13.4%) and 433 
(86.6%) of 500 patients, respectively. Baseline clini-
cal characteristics of SA and IA before and after PS 
matching are shown in Table 1. Before PS matching, 
no significant differences were observed between 
the 2 groups except for age, prior chronic heart 

failure, medication (aspirin and statin use), lesion 
length, drug-eluting stent use, stent graft use, and 
full-covered stenting strategy. PS matching extracted 
59 pairs (SA, n=59; IA, n=348), with no remarkable 
intergroup differences in baseline characteristics 
(Table  1). Representative cases of SA and IA are 
shown in Figures 2 and 3, respectively.

Outcomes Between SA and IA
Table  2 summarizes the endovascular strategy and 
clinical outcomes between the 2 groups. The 1-year 
restenosis rate was comparable between the SA and 
IA groups (41.0% versus 43.4%, P=0.40). SWP was 
significantly higher in the SA group than the IA group 
(61.0% versus 36.3%, P<0.001). Secondary end points 
did not significantly differ in both groups.

Figure 3.  Representative case of intraluminal approach.
A, Angiography shows a chronic total occlusion (CTO) lesion at the left femoropopliteal (FP) artery. B, Intraluminal approach is 
attempted with a 0.014-inch guidewire. C, Two bare-metal nitinol stents (orange and blue lines) are successfully implanted. D through 
G, Intravascular ultrasound (IVUS) images of the wire passage within the CTO lesion from proximal (D) to distal (G). The guidewire 
passes all through the intraplaque space (red asterisk) within the CTO lesion. H through K, IVUS images after stent deployment from 
proximal (H) to distal (K).
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Baseline Clinical Characteristics and 
Outcomes Between SWP and IWP
SWP and IWP were observed in 186 (37.2%) and 314 
(62.8%) of the patients, respectively. Baseline clinical 
characteristics of SWP and IWP before and after PS 
matching are shown in Table 3. Before PS matching, 
no significant differences were observed between 
the 2 groups except for statin use, TransAtlantic Inter-
Society Consensus II classification, lesion length, 
angio-score, stent graft use, and full-covered stenting. 
PS matching extracted 170 pairs (SWP, n=170; IWP, 
n=293), with no remarkable differences in baseline 
characteristics (Table  3). The 1-year restenosis rate 
was not significantly different between the SWP and 
IWP groups (48.2% versus 40.8%, P=0.40), although 
the POC rate tended to be higher in the SWP group 
(8.2% versus 4.1%, P=0.07) with significant differences 
in procedural time and contrast volume (Table 4 and 
Table S1). Regarding other end points, no significant 
difference was observed in both groups. Moreover, in 
the SWP group, the length of subintimal track showed 
no significant association with clinical outcomes 
(Table S2).

DISCUSSION
The main findings of the present study were as fol-
lows: (1) both SA and IA showed acceptable results 
for FP-CTO lesions at 1 year; (2) the discrepancy be-
tween the procedural approach (SA or IA) and IVUS-
derived wire-crossing pattern (SWP or IWP) was 

observed in approximately one-third of all patients; 
and (3) the 1-year restenosis rate was not signifi-
cantly different between the SWP and IWP groups, 
although the incidence of POC tended to be higher 
for SWP than IWP.

SA has improved with several advances in tech-
niques and devices, resulting in increased rates of tech-
nical success and patency in FP-CTO lesions.3 Results 
of SA for FP-CTO lesions appeared acceptable in com-
parison to those of IA, although there are still some 
concerns regarding the safety and efficacy of SA for 
FP-CTO lesions because (1) previous studies could not 
adjust major differences in baseline clinical characteris-
tics between SA and IA4,5; and (2) only bare-metal stents 
were used in previous studies.4,5 In the present study, 
after PS matching, 1-year clinical outcomes after EVT 
for FP-CTO lesions were not significantly different be-
tween the SA and IA groups. These results emphasize 
the safety and efficacy of both approaches for FP-CTO 
lesions in clinical practice, whereas some differences 
between the present and previous studies should be 
discussed. The 1-year restenosis rate was slightly higher 
in the present study than in previous studies.4,5 This 
could be explained by the fact that the current study 
population was older and had more comorbidities (eg, 
chronic kidney disease and diabetes mellitus). Notably, 
the procedural time was similar between the 2 groups 
in the present study, unlike previous studies.4,5 Possible 
explanations for this are as follows: (1) the crossover ap-
proach (ie, an approach that switches from IA to SA) 
was less performed in the present study and (2) bidi-
rectional wiring approaches and reentry devices have 

Table 2.  Outcomes of Subintimal and Intraluminal Approach After Matching

Subintimal approach Intraluminal approach P value

Endovascular treatment

Subintimal approach in successful wire 
crossing

47.5% (34.7%–60.2%) 2.2% (0.3%–4.1%) <0.001

Subintimal wire passage 61.0% (48.6%–73.5%) 36.3% (29.7%–42.9%) <0.001

Procedure time, min 82.9 (74.4–92.4) 78.6 (73.3–84.3) 0.54

Contrast volume, mL 82.6 (64.1–106.3) 88.3 (80.7–96.6) 0.86

Postoperative outcomes

Percentage of residual stenosis 8.5% (1.4%–15.6%) 6.3% (3.5%–9.1%) 0.79

Intravascular ultrasound-derived minimum 
stent area, mm2

16.1 (14.5–17.6) 14.9 (14.2–15.6) 0.10

Ankle-brachial index 0.90 (0.84–0.95) 0.90 (0.84–0.95) 0.96

Perioperative complications 9.5% (1.3%–17.7%) 5.6% (1.3%–9.8%) 0.47

1-year clinical outcomes

Restenosis 41.0% (21.2%–60.9%) 43.4% (18.7%–68.1%) 0.40

All-cause mortality 9.4% (1.2%–16.8%) 8.7% (0.3%–16.5%) 0.68

Major amputation 0.0% (0.0%–0.0%) 0.9% (0.0%–3.5%) 0.55

Major adverse limb events 19.1% (6.8%–29.7%) 15.0% (3.9%–24.7%) 0.83

Data are presented with estimates and 95% CIs.
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Table 3.  Baseline Clinical Characteristics of SWP and IWP

Variable

Overall population Matched population

SWP (n=186) IWP (n=314) SD (%) SWP (n=170) IWP (n=293) SD (%)

Male sex 72.6% 68.8% 8.3 72.9% 72.5% 1.1

Age, y 75±8 74±9 11.7 75±8 75±8 1.8

Current smoking 31.7% 33.1% 3.0 32.9% 33.9% 2.0

Diabetes mellitus 46.8% 55.4% 17.3 47.6% 49.0% 2.8

Chronic renal failure 22.0% 29.3% 16.7 22.9% 24.4% 3.4

On dialysis 13.4% 20.1% 17.8 14.1% 16.2% 5.7

Chronic heart failure 12.9% 19.4% 17.8 13.5% 14.7% 3.3

Aspirin use 80.6% 78.0% 6.5 80.6% 80.8% 0.5

Thienopyridine use 80.6% 80.9% 0.6 80.6% 80.6% 0.0

Cilostazol use 35.5% 32.2% 7.0 35.3% 33.9% 3.0

Statin use 57.5% 47.1% 20.9 57.1% 54.5% 5.1

Anticoagulant use 16.7% 16.2% 1.1 15.9% 17.2% 3.5

Critical limb ischemia 29.0% 32.2% 6.8 27.1% 29.3% 4.9

Ankle brachial index 0.56±0.20 0.52±0.21 16.0 0.56±0.20 0.55±0.18 7.1

(missing data) 2.2% 3.8% 9.8 2.4% 2.1% 1.9

TransAtlantic Inter-Society Consensus II classification

Class A 1.1% 5.4% 24.7 1.2% 1.1% 0.9

Class B 13.4% 22.3% 23.3 14.7% 17.3% 7.1

Class C 43.5% 41.1% 5.0 42.9% 42.8% 0.2

Class D 41.9% 31.2% 22.4 41.2% 38.8% 4.9

Popliteal involvement 31.2% 31.8% 1.4 30.0% 29.8% 0.5

History of aortoiliac revascularization 30.1% 24.2% 13.3 30.0% 27.7% 5.2

Below-the-knee runoff

No runoff 6.5% 6.4% 0.3 5.9% 4.8% 4.8

1 runoff 29.6% 31.2% 3.6 28.8% 30.2% 3.1

2 runoffs 38.7% 38.5% 0.4 39.4% 42.3% 5.8

3 runoffs 25.3% 23.9% 3.2 25.9% 22.7% 7.5

Distal reference vessel diameter, mm 5.0±0.9 4.9±1.0 3.8 4.9±1.0 4.9±1.0 3.6

(missing data) 0.5% 0.0% 10.4 0.0% 0.0% 0.0

Lesion length, cm 23±8 20±9 41.1 23±8 23±8 4.0

Peripheral Arterial Calcium Scoring System classification

Grade 0 39.2% 33.4% 12.1 38.8% 37.0% 3.7

Grade 1 20.4% 18.2% 5.8 19.4% 20.0% 1.4

Grade 2 14.5% 14.3% 0.5 15.9% 14.1% 5.1

Grade 3 8.6% 10.8% 7.5 7.6% 8.9% 4.7

Grade 4 17.2% 23.2% 15.1 18.2% 20.0% 4.5

Angio-score 4.2±1.1 3.9±1.2 32.1 4.2±1.1 4.1±1.1 6.0

(missing data) 0.5% 0.0% 10.4 0.0% 0.0% 0.0

Subintimal approach 21.5% 8.6% 36.7 16.5% 14.0% 6.8

Stent implantation 89.8% 83.4% 18.7 88.8% 88.5% 1.1

Full-covered stenting 76.9% 65.9% 24.4 74.7% 72.9% 4.2

Stent graft use 11.3% 4.5% 25.6 9.4% 6.8% 9.7

Drug-eluting stent use 11.3% 12.4% 3.5 11.2% 11.6% 1.4

Drug-coated balloon use 0.5% 0.3% 3.4 0.6% 0.6% 0.0

Data are expressed as means±SD for continuous variables and percentages for categorical variables. IWP indicates intraluminal wire passage; and SWP, 
subintimal wire passage.
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been introduced in clinical practice over the past de-
cade. As such, both approaches may be acceptable 
strategies for treating FP-CTO lesions.

SA is a technique that recanalizes CTO lesions by 
intentionally making a subintimal channel. However, be-
cause this approach was defined based on the angio-
graphic findings or technical aspects, it remains unclear 
whether the guidewire truly passes through the subin-
timal space. The current study showed some discrep-
ancies between the procedural strategy (SA or IA) and 
IVUS-detected wire-crossing pattern (SWP or IWP). 
Indeed, IWP was detected in 39.0% of SA, whereas 
SWP accounted for 36.3% of IA. Given that FP-CTO le-
sions have greater complexities (eg, severe calcification 
or long occlusion), our results underscore the difficulty 
in controlling the wire-crossing route regardless of the 
approaches. In coronary arteries, IVUS-detected sub-
intimal tracking was observed in approximately one-half 
of all successful CTO procedures and there were no 
significant differences in clinical outcomes between the 
subintimal and intraplaque groups.6,14 However, there is 
a paucity of data on the clinical impact of IVUS-detected 
subintimal tracking in FP-CTO lesions. In the current 
study, the 1-year restenosis rate was numerically higher 
in the SWP group than in the IWP group but did not 
reach statistical significance. Intriguingly, Mori et al re-
ported that the proportion of subintimal tracking within 
FP-CTO lesions was inversely correlated with the rate 
of restenosis.15 Further studies are warranted to assess 
the clinical implication of IVUS-detected wire-crossing 
route within the FP-CTO lesions, although subintimal 
tracking may affect outcomes following EVT.

The POC occurred in ≈5% to 10% of patients un-
dergoing EVT for FP-CTO lesions,4,5 contributing to 
an increased risk of mortality and major adverse limb 
events.16 Accordingly, preventing POC may assist in 

improving outcomes of EVT for FP-CTO lesions. In the 
present study, the POC rate did not significantly differ 
between the SA and IA groups, which was in line with 
previous studies.4,5 In contrast, SWP showed a trend 
toward a higher incidence of POC than IWP. This is 
likely attributed to the fact that the procedural approach 
(SA or IA) does not guarantee the precise position of 
the wire within the lesions. Several attempts have been 
made to identify the optimal EVT strategy for FP-CTO 
lesions. However, the optimal strategy is yet to be es-
tablished, mainly owing to the lack of clinical evidence. 
For example, atherectomy devices are designed to 
debulk the plaque and, in some cases, to modify the 
plaque morphology. However, the optimal timing and 
extent of debulking is unclear.17 Indeed, the choice of 
EVT strategy for FP-CTO lesions in clinical practice re-
mains largely subjective. Currently, IVUS plays a central 
role in optimizing the results of percutaneous coronary 
intervention.18 Although there is a paucity of data re-
garding the clinical benefits and lack of potential algo-
rithms for IVUS use in FP-CTO lesions, IVUS may help 
standardize the EVT strategy for these lesions.

Limitations
There are several limitations in the present study. First, this 
was a post hoc analysis of the IVORY registry; therefore, 
the sample size could not be calculated. Although PS 
analysis was used to adjust for differences between the 2 
groups, the potential influence of bias in our results could 
not be ruled out. Second, the 1-year follow-up rate was 
relatively low in the present study. Third, angiographic and 
IVUS analyses were not performed by an independent 
core laboratory in the current study. The location of SWP 
(eg, the depth of subintimal wire crossing) may affect the 
outcomes, whereas we could not assess this aspect in 
the present study. Fourth, we could not collect detailed 

Table 4.  Outcomes of Subintimal and Intraluminal Wire Passage After Matching

Subintimal wire passage Intraluminal wire passage P value

Endovascular treatment

Procedure time, min 93.0 (86.7–99.8) 73.5 (68.4–79.0) <0.001

Contrast volume, mL 91.8 (80.3–105.1) 78.5 (70.6–87.4) 0.02

Postoperative outcomes

Percentage of residual stenosis 10.0% (5.5–14.5%) 6.5% (3.3–9.7%) 0.23

Intravascular ultrasound-derived minimum stent area, 
mm2

15.1 (14.3–15.8) 15.4 (14.6–16.3) 0.76

Ankle-brachial index 0.91 (0.87–0.94) 0.90 (0.85–0.95) 0.70

Perioperative complications 8.2% (3.5–13.0%) 4.1% (1.5–6.7%) 0.07

1-year clinical outcomes

Restenosis 48.2% (33.4–63.1%) 40.8% (18.3–63.4%) 0.40

All-cause mortality 5.5% (1.9–8.9%) 8.6% (3.7–13.4%) 0.70

Major amputation 1.7% (0.0–4.1%) 1.3% (0.0–3.0%) 0.98

Major adverse limb events 18.8% (11.9–25.2%) 17.6% (10.7–23.9%) 0.55

Data are estimates and 95% CIs.
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data regarding the index procedure, such as the size, 
length, and maximum inflation pressure of balloon. Fifth, 
we could not obtain any information on the frequency of 
bidirectional wiring approach and reentry device use in 
the present study. Finally, the present study included a 
few cases with contemporary devices (eg, atherectomy, 
drug-coated balloon, or drug-eluting stents). Therefore, it 
might have difficulty in generalizing our results to the latest 
clinical practice. Further studies are warranted to assess 
the clinical implication of IVUS-guided EVT for FP-CTO 
lesions in contemporary practice.

CONCLUSIONS
At 1 year, both SA and IA showed acceptable results 
for FP-CTO lesions. Cumulative 1-year incidence of 
restenosis was not significantly different between SWP 
and IWP, whereas POC occurred more frequently in 
SWP than in IWP.
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Participating centers and the investigators - IVORY Study Investigators 

1. Omihachiman Community Medical Center: Kan Zen 

2. Kanazawa Medical University Hospital: Taketsugu Tsuchiya 

3. Kansai Rosai Hospital: Takuya Tsujimura 

4. Graduate School of Medicine, Kyoto University: Junichi Tazaki 

5. Japanese Red Cross Kyoto Daini Hospital: Yoshinori Tsubakimoto 

6. Shin-Koga Hospital: Yoshiaki Shintani 

7. Shinshu University Graduate School of Medicine: Takashi Miura 

8. Tokai University School of Medicine: Norihiko Shinozaki 

9. Tokyo Rosai Hospital: Makoto Utsunomiya 

10. Morinomiya Hospital: Daizo Kawasaki 

11. Saiseikai Fukuoka General Hospital: Nobuhiro Suematsu 

12. Matsuyama Red Cross Hospital: Terutoshi Yamaoka 

13. Yamagata University School of Medicine: Hiroki Takahashi 

14. Saiseikai Yokohama-City Eastern Hospital: Keisuke Hirano 

15. Kishiwada Tokushukai Hospital: Masahiko Fujihara 

16. Osaka Saiseikai Nakatsu Hospital: Amane Kozuki 

17. Kawakita General Hospital: Atsushi Tosaka 



18. Chikamori Hospital: Shuichi Seki 

19. Miyazaki Medical Association Hospital: Tatsuya Nakama 

20. Oji General Hospital: Nobuo Kato 

21. Saka General Hospital: Shinya Sasaki 

22. Yamato Seiwa Hospital: Tatsuki Doijiri 

23. Tokyo Saiseikai Central Hospital: Kenji Suzuki 

24. Osaka General Medical Center: Yusuke Iwasaki 

25. Japanese Red Cross Otsu Hospital: Hiroki Higami 

26. Iwaki Kyoritsu General Hospital: Yoshito Yamamoto  

27. Shonan Kamakura General Hospital: Kazuki Tobita 

28. Sapporo City General Hospital: Yutaka Dannoura  

29. Kokura Memorial Hospital: Yoshimitsu Soga 

30. Tokyo Medical University Ibaraki Medical Center: Michiaki Higashitani 

31. Fukuoka University Hospital: Makoto Sugihara 

32. Sendai Kousei Hospital: Kazunori Horie 

33. Yao Municipal Hospital: Kuniyasu Ikeoka 



Table S1. Details of Perioperative Complications.  
 

SWP IWP P 

value 

Perioperative complications 8.2% [3.5% to 13.0%] 4.1% [1.5% to 6.7%] 0.07 

All-cause death  1.8% [0.0% to 3.7%] 0.1% [0.0% to 0.4%] 0.15 

Myocardial infarction 0.0% [0.0% to 0.0%] 0.0% [0.0% to 0.0%] 1.00 

Stroke 0.0% [0.0% to 0.0%] 0.0% [0.0% to 0.0%] 1.00 

Contrast-induced nephropathy* 0.6% [0.0% to 1.7%] 0.0% [0.0% to 0.0%] <0.001 

Hemorrhage requiring 

transfusion 

1.8% [0.0% to 3.7%] 0.5% [0.0% to 1.0%] 0.50 

Major amputation 0.0% [0.0% to 0.0%] 0.3% [0.0% to 0.7%] 1.00 

Any reintervention 1.8% [0.0% to 3.7%] 0.9% [0.0% to 2.1%] 0.50 

Acute occlusion 1.2% [0.0% to 2.8%] 0.3% [0.0% to 0.9%] 0.31 

Distal embolization 1.8% [0.0% to 3.7%] 1.2% [0.0% to 2.5%] 0.73 

Vascular rupture 1.2% [0.0% to 2.8%] 0.4% [0.0% to 1.1%] 0.58 

Blue toe syndrome 0.0% [0.0% to 0.0%] 0.3% [0.0% to 0.9%] 1.00 

Infection at the puncture site 0.0% [0.0% to 0.0%] 0.0% [0.0% to 0.0%] 1.00 

Data are estimates and 95% confidence intervals.  

*Contrast-induced nephropathy was defined as an increase of ≥25% or ≥0.5mg/dl in pre-

procedure serum creatinine at 48 h after procedure.



Table S2. Relationship Between the Length of Subintimal Track and Clinical Outcomes 

in Lesions with Subintimal Wire Passage.  

Outcomes Relationship of the length of subintimal track 

Endovascular treatment  

  Procedure time r=0.07 [-0.05 to 0.19] (P=0.25) 

  Contrast agent volume r=0.08 [-0.04 to 0.20] (P=0.19) 

Postoperative outcomes  

  Residual stenosis r=0.00 [-0.12 to 0.12] (P=0.99) 

  IVUS-derived minimum lumen area r=0.09 [-0.03 to 0.21] (P=0.12) 

  Ankle-brachial index r=-0.06 [-0.18 to 0.07] (P=0.38) 

  Perioperative complications  OR=0.98 [0.71 to 1.36] (P=0.90) 

One-year clinical outcomes  

  Restenosis OR=1.07 [0.88 to 1.30] (P=0.50) 

  All-cause mortality HR=1.05 [0.73 to 1.51] (P=0.81) 

   Major amputation HR=0.09 [0.00 to 9.69] (P=0.31) 

   Major adverse limb events HR=0.96 [0.79 to 1.16] (P=0.65) 

Data are presented as correlation coefficients (r), odds ratios per 5-cm increase (OR), or hazard 

ratios per 5-cm increase (HR) and their 95% confidence interval, as well as P values. 

 

 


