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Introduction
A 79-year-old male patient had a 2.5×12 mm bioresorbable vas-
cular scaffold (Absorb™ BVS; Abbott Vascular, Santa Clara, 
CA, USA) implanted in the setting of the RIBS VI study proto-
col for in-stent restenosis of a 3×9 mm bare metal stent (AVE 
S670; Medtronic, Minneapolis, MN, USA) in January 2015, at 
which time point the patient presented with stable angina and pos-
itive exercise stress test (index procedure). The Absorb BVS was 
implanted with predilatation at 20 atmospheres (atm) accompanied 
by post-dilatation with a non-compliant balloon (2.5×10 mm) at 
26 atm. The patient was maintained on dual antiplatelet therapy 
(DAPT) with aspirin 100 mg and clopidogrel 75 mg for 12 months. 
In September 2015, protocol-mandated angiographic follow-up 
revealed very mild narrowing of the Absorb BVS, with an other-
wise good angiographic result (Moving image 1). In January 2016, 
DAPT was discontinued in accordance with the study protocol 
and the patient presented with very late stent thrombosis approxi-
mately one month following cessation of DAPT (13 months fol-
lowing index stenting).

At the time point of stent thrombosis, the patient presented 
in cardiogenic shock, with anterior ST-elevation myocardial 
infarction (CKmax 7,103 U/L), where immediate rescue PCI 
was performed including implantation of an intra-aortic balloon 
pump (IABP), thrombus aspiration using a 6 Fr aspiration cath-
eter (Export®; Medtronic) and repeat balloon dilatation (semi-
compliant 2.5×12 mm and non-compliant 3×12 mm at 26 atm). 
Despite extended revascularisation attempts, no/slow flow per-
sisted with Thrombolysis In Myocardial Infarction (TIMI) 1 
flow in the left anterior descending artery (Moving image 2). 
The patient was transferred to the intensive care unit (ICU), 
where IABP therapy was maintained for six hours. Despite 
maximum ICU support including vasopressors and IABP, the 
patient died in refractory cardiogenic shock eight hours follow-
ing admission to hospital.

Methods
Optical coherence tomography (OCT) was performed in the cath-
lab according to current consensus1,2. Following complete autopsy, 
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the heart including epicardial vessels and stents was transferred for 
detailed histopathologic assessment. Sections were prepared using 
the TissueSurgeon technology (LLS ROWIAK LaserLabSolutions 
GmbH, Hanover, Germany).

COMPUTATIONAL FLOW MODELLING
An OCT pullback from the six-month follow-up was used to cre-
ate the geometry needed for simulation. Two longitudinal slices 
at right angles were obtained and the lumen of the artery was 
segmented from each slice. The segmented lumens were sub-
sequently meshed and flow simulations were performed using 
ANSYS Fluent (ANSYS, Inc., Canonsburg, PA, USA). Blood 
was simulated as a Newtonian fluid with a density of 1,060 kg/m3 
and a viscosity of 0.0035 Pa.S. A boundary condition of a para-
bolic flow with a peak velocity of 0.5 m/s was imposed on the 
inlet of the vessel. Shear rate contours, wall shear stress of the 
vessel walls as well as velocity streamlines were obtained from 
the simulation results and superimposed on the original long-
itudinal OCT slices.

Results
At baseline, OCT showed well-apposed scaffold struts of the 
Absorb BVS with substantial underlying restenosis (layered pat-
tern by OCT) of the metallic stent, and mild underexpansion of 
the proximal stented segment (Moving image 3). At six-month 
angiographic follow-up, OCT revealed moderate tissue ingrowth 
between and above stent struts, with peri-strut thrombus formation 
within the proximal stented segment and attenuated plaque within 
the proximal transition zone from stented to non-stented vascu-
lar segments (Moving image 4). At the time point of ST, OCT 
revealed massive remaining thrombus burden following thrombus 
aspiration and disrupted fibrous cap within the proximal transition 
zone (Moving image 5). Culprit lesion morphology at the time 
point of scaffold thrombosis revealed acute plaque rupture within 
the transition zone from proximal non-stented to stented vascular 
segments; interestingly, co-registered frames from OCT pullbacks 
at baseline (index stenting) and six-month follow-up revealed 
fibrocalcific plaque without disrupted fibrous cap and fibrocalcific 
plaque with presumably disrupted fibrous cap (mean cap thick-
ness 138±12 μm) and attenuation, respectively (Supplementary 
Figure 1).

Results of histopathological assessment, OCT evaluation and 
computational flow modelling are presented in Figure 1-Figure 3.

Discussion
The main lessons to be learned from the current case can be 
described as follows:
(i) The cause of scaffold thrombosis was acute plaque rupture 

within the transition zone from proximal stented to non-stented 
vascular segments of the LAD. Significant underexpan-
sion of the proximal scaffold portion was observed between 
baseline (index stenting) and six-month follow-up, which 
resulted in high shear stress and disturbed laminar flow and 

probably triggered plaque rupture just proximal to the scaffold 
(Supplementary Figure 2A-Supplementary Figure 2C).

(ii) The Absorb BVS showed advanced vascular healing in 
the distal scaffold portion. Sections located more centrally 
revealed substantial heterogeneity in vascular healing with 
largely uncovered stent struts, fibrin deposition and acute 
inflammatory response.

(iii) Computational flow modelling of OCT imaging at six-month 
follow-up revealed increased shear stress in the region where 
plaque rupture occurred at 13 months following Absorb BVS 
implantation and maximum recirculation zones within and 
distal to the region of plaque rupture, which probably resulted 
in thrombus formation along the scaffolded vascular segment. 
Furthermore, it may be speculated that high shear stress aris-
ing from incompletely apposed and bulky stent struts within 
the proximal transition zone may also have contributed to the 
development of plaque rupture.

Conclusion
The current case report sheds further light on late events occurring 
following Absorb BVS implantation by combining detailed intra-
vascular imaging with histopathological assessment of post-mor-
tem coronary arteries. Dedicated studies investigating the Absorb 
BVS in the setting of in-stent restenosis remain highly limited, and 
the current case demonstrates that vascular healing is likely to be 
delayed in the setting of in-stent restenosis, where uncovered and 
malapposed stent struts with irregular surface lining are observed six 
months following scaffold implantation and persist up to 13 months. 
Consequently, increased shear stress and recirculation zones within 
proximal stented sections arising from malapposed and uncovered 
stent struts probably facilitated rupture of a thin fibrous cap, which 
manifested in very late scaffold thrombosis (VLST).

Impact on daily practice
The current case report demonstrates that progression of athero-
sclerosis may be an important determinant of very late scaffold 
thrombosis, where multiple risk factors may interact. Covering 
the entire lesion from healthy to healthy vascular segments may 
be critical to avoid late adverse events.
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Histopathology of very late scaffold thrombosis

Figure 1. Co-registered angiographic views, OCT frames and histopathological cross-sections. A) Distal scaffold segment. B) Middle 
scaffold segment. C) Proximal scaffold segment. Stent struts are depicted by asterisks (*); the blue arrowhead in panel A (I) points to 
a thin neointimal layer with good incorporation of scaffold struts into neointimal tissue; black arrowheads in panel A (II) point to 
inflammatory reactions in the surrounding of scaffold struts, with predominance of giant cell reactions (insert); grey arrowhead points to 
metallic stent strut. The cross-sectional OCT frame reveals overlapping stent struts, with translucent bioresorbable scaffold struts (white 
asterisks) on top of metallic stent struts (yellow asterisks). There is circumferential thrombus formation (Thr) limiting light penetration 
into the deeper neointimal regions. Black arrowhead in panel B (I) points to signs of scaffold strut degradation, with absorption of basic 
stain into the polymeric strut structure, while blue arrowheads (I & II) point to acute peri-strut inflammatory reactions (note the presence 
of fibrin staining in dark blue). The cross-sectional OCT frame reveals significant thrombus formation on top of translucent scaffold 
struts (white asterisks), with presence of calcification behind stent struts at 6 o’clock (Ca2+). The blue arrowhead in panel C (I) points to 
the large necrotic core underlying rupture of a thin fibrous cap; the black arrowhead (II) points to thrombus formation in the setting of 
scaffold struts obscuring a side branch. The cross-sectional OCT frame shows the presence of irregular, attenuating tissue prolapsing 
into the lumen, highly suggestive of acute plaque rupture with superficial thrombus formation at 6 o’clock, while there is thrombus 
adhering to scaffold struts (white asterisks) at 11 o’clock (Thr). Thr: thrombus
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Figure 2. Co-registration of cross-sectional (A) with longitudinal OCT frames (B & C) including computational flow modelling of shear rate 
and recirculation zones. Note, there is increased shear rate observed in the transition zone from proximal non-stented to stented vascular 
segments (red colour in B) and within the middle to distal underexpanded stented segments. Mild recirculation zones are observed distal to the 
presumed rupture site (blue colour in C).

Figure 3. Co-registration of cross-sectional (A) with longitudinal OCT frames (B & C) including computational flow modelling of 
recirculation zones. Note, there are excessive recirculation zones observed distal to the site of plaque rupture (white asterisk), which probably 
contributed to thrombus formation along the proximal scaffolded segment. Another area of excessive recirculation zones is observed further 
distal in the scaffolded vascular segment, which is probably the result of protruding thrombus (white hash key).
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Supplementary data
Supplementary Figure 1. Co-registration of cross-sectional OCT 
frames from baseline, six-month follow-up and the time point of 
scaffold thrombosis.
Supplementary Figure 2. OCT core laboratory measurements for 
the entire scaffolded segment at baseline, six-month follow-up and 
the time point of scaffold thrombosis.
Moving image 1. Good angiographic result at follow-up after 
BVS implantation.
Moving image 2. TIMI 2 flow in the LAD during PTCA for 
STEMI.
Moving image 3. OCT pullback in the LAD after BVS implan-
tation (“baseline”) with well-apposed scaffold struts and mild 
underexpansion.
Moving image 4. OCT pullback in the LAD at follow-up after 
six-month OCT with moderate tissue ingrowth between and above 
stent struts, peri-strut thrombus formation within the proximal 
stented segment and attenuated plaque within the proximal transi-
tion zone from stented to non-stented vascular segments.
Moving image 5. OCT pullback in the LAD at STEMI, revealing 
massive thrombus burden following thrombus aspiration and dis-
rupted fibrous cap within the proximal transition zone.

The supplementary data are published online at: 
http://www.pcronline.com/
eurointervention/133rd_issue/358
 



Supplementary data 

 

Supplementary Figure 1. Co-registration of cross-sectional OCT frames from baseline, six-month 

follow-up and the time point of scaffold thrombosis. 

A) From baseline (index stenting); B) six-month follow-up; and C) time point of scaffold 

thrombosis.  

Note, there is underlying fibrocalcific plaque (A, white arrowheads) with intact fibrous cap, which 

progressed into fibrocalcific plaque with presumably disrupted fibrous cap and attenuation (B, blue 

arrowhead) at six-month follow-up, and further into plaque rupture of a thin-cap fibroatheroma (C, 

blue arrowhead) at the time point of scaffold thrombosis (13 months after index stenting).  



 

 



 

 



Supplementary Figure 2. OCT core laboratory measurements for the entire scaffolded segment at 

baseline, six-month follow-up and the time point of scaffold thrombosis. 

OCT core laboratory measurements were performed using QIvus® software, Version 3.0.30.0 

(Medis medical imaging systems, Leiden, the Netherlands) for the entire scaffold segment at 

baseline (index stenting, A), six-month follow-up (B) and at the time point of scaffold thrombosis 

(C). Stent area was assessed with the help of automatic strut contour detection, where a circular line 

was drawn by connecting endoluminal centre points of each translucent scaffold strut. Lumen area 

was traced by connecting the endoluminal surface of scaffold struts with the intimal surface 

between scaffold struts along the entire circumference of the scaffold cross-section. Neointimal 

area was calculated as: stent area – lumen area. Percent area stenosis was calculated as: (stent area–

lumen area)/stent area*100. Uncovered stent struts were qualitatively assessed as uncovered with 

visible neointimal tissue. Malapposed stent struts were determined when there was a clearly visible 

gap between the intimal surface of the scaffold strut and the intima. Scaffold struts placed above 

side branches were not considered as uncovered or malapposed. Stent expansion was calculated as: 

(stent area in a particular frame/minimum lumen area in the reference segment nearest to that 

particular frame) x100. Reference segments were typically those within 10 mm of either edge of 

the stent (but within the same vessel segment). 

 

 

 


