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1 |  INTRODUCTION

We report a case of natural healing of a ruptured unstable 
coronary plaque using serial OCT examination. The stent-
ing procedure was deferred based on the angiographic and 
mainly OCT findings. A healing process of ruptured plaque 
without foreign body was studied using OCT at 3, 14, and 
24 months after PCI.

Atherosclerotic plaque instability and rupture is the un-
derlying pathophysiology for acute coronary syndrome 
(ACS). Previous autopsy and clinical studies have shown that 
inflammation and intensive expression of metalloproteinases 
are key factors for vulnerability of atherosclerotic plaque.1,2 
Some pathological studies have shown that ruptured plaques 
commonly spontaneously heal, and the matrix within healed 

plaque contains a proteoglycan- rich mass or collagen- rich 
scar, depending on the healing phase.3 Moreover, it is spec-
ulated, that repeated silent plaque rupture and subsequent 
healing results in an increased plaque burden and percent 
stenosis. Therefore, an understanding of the pathology of 
healing process is of paramount clinical importance. The 
healing process of infarct- related plaque has been previously 
described using pathologic and angioscopic examinations,4 
with scant data available using high- resolution luminal and 
transmural imaging.

Contrary to angioscopy, new intracoronary visualization 
modalities— optical coherence tomography (OCT) and in-
travascular ultrasound (IVUS)— allow us a deep insight in 
vessel wall and plaque to obtain detailed information about 
plaque structure and tissue composition. Given the high 
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Abstract
In selected cases, when STEMI caused by mild or moderate degree lesion with a large 
concomitant thrombus, additional OCT- guided PCI strategy after thrombus removal 
allows us to defer stenting with the follow- up natural healing of the vessel wall.
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spatial resolution, OCT has been widely used for coronary 
plaque characterization,5,6 including detection and detailed 
morphological description of thin- cap fibroatheroma (TCFA) 
and unstable plaque rupture.7,8 Nevertheless, scant data are 
available on the natural course of a ruptured plaque leading 
to acute coronary syndrome. Rioufol G. et al have used IVUS 
to demonstrate the evolution and healing process of sponta-
neously ruptured atherosclerotic plaque. The authors evalu-
ated 28 ruptured plaques in 14 patients.9 According to the 
study findings, only half of the ruptured plaques were healed, 
and the remodeling index was unchanged or considerably 
positive with a trend toward reduction of plaque burden.

It is not known how ruptured plaque and vessel wall at the 
site of the culprit lesion evolve in the follow- up period. This 
raises concerns about treatment issues in terms of the associ-
ated risk of thrombosis. While angioscopy data confirm the 
presence of thrombus on the culprit lesion after 6 months and 
even up to 18 months,10 late (18– 24 months) follow- up is nec-
essary for studying the natural history of atherothrombosis.

We describe the natural course of ruptured plaque caus-
ing an anterior STEMI, treated without balloon dilatation or 
stent placement, using OCT examination over a 24- month 
follow- up. To the best of our knowledge, this is the first de-
scription of the healing process of a ruptured plaque in vivo 
by OCT.

2 |  CASE PRESENTATION

A 41- year- old female patient was admitted with anterior 
STEMI diagnosis 2.5  h after symptom onset. Taking into 
consideration the ECG changes (ST elevation in I, aVL, and 
V2- V6 leads) and increased Troponin I level on presentation 
(more than 15 times the upper limit of normal), emergency 
cardiac catheterization was initiated. After intravenous hepa-
rin administration (70  U/kg), coronary arteriography was 
done through the distal right radial access. Angiography 
revealed single vessel disease with a thrombus containing 
lesion at the ostium of the left anterior descending (LAD) 
artery (Figure 1).

Taking into account, large thrombus burden (Thrombus 
burden grade (G) >2 X Reference vessel diameter (RVD)11) 
thrombus aspiration procedure was performed using a 6F 
ELIMINATE catheter (Terumo corporation, Japan) with 
good immediate result (Figure  2A). Control angiography 
revealed complete disappearance of the filling defect from 
vessel lumen, nonsignificant residual stenosis (minimal 
lumen diameter by QCA =3.23  mm), and antegrade TIMI 
III flow. A IIb/IIIa inhibitor agent eptifibatide (Integrillin) 
was administered and control OCT was performed thereaf-
ter. OCT revealed arterial lumen without thrombotic mass 
and clear signs of a ruptured unstable plaque with disrup-
tion of fibrous cap (defect size was 3.7 × 1.2 mm) overlaying 

a large necrotic core (Figure 2B). The plaque extended into 
the proximal part of left anterior descending artery (LAD) 
without involvement of its ostium and occupied nearly half 
of the lumen circumference (173.8°). 3D reconstruction 
image showed localization and size of ruptured area in LAD 
lumen and its 3D dimensional orientation to the circumflex 
artery ostium (Figure 2C). Mean Luminal Diameter (MLD) 
at the rupture site by OCT measurement was 3.2mm (ves-
sel distal reference diameter (VRD) =3.8 mm) and minimal 
lumen cross- sectional area (CSA) 7.9 mm2 (distal reference 
CSA –  8.6 mm2). Therefore, area stenosis calculated as distal 
reference CSA -  minimal lumen CSA/distal reference CSA 
was 9%. Taking into account the geometry of the vessel 
lumen, absence of a thrombotic mass at the plaque rupture 
site and antegrade TIMI III flow, we decided not to implant 
stent. In postintervention period, DAPT was continued and 
the patient was discharged 10  days after initial admission. 
Due to hypercholesterolemia (cholesterol 6.25 mmol/L, LDL 
=3.85 mmol/L), high- intensity statin therapy (Rosuvastatin 
40 mg once daily) was prescribed.

After 3 months, control angiography shown good patency 
of LAD and the arterial lumen at the site of plaque rupture 
remained without restenosis (Figure 3A). OCT revealed clear 
signs of an ongoing healing process of previously ruptured 
plaque with fibrotic transformation of the plaque, and a thin 
layered neointima (90– 110  microns) covering its surface. 
Plaque burden decreased, but residual necrotic core still 
persisted (Figure 3B). Minimal lumen CSA was 5.97 mm2. 
Despite the thin neointima covering the ruptured plaque sur-
face, DAPT was continued for 12 months as recommended 
by the guidelines.

Angiography at 14  months revealed no restenosis 
(Figure 4A). OCT examination showed complete healing of 

F I G U R E  1  Initial arteriography revealed single vessel disease and 
a thrombus containing lesion at the LAD ostium (arrow)
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vessel wall at the site of previous plaque rupture. Plaque bur-
den was significantly decreased and transformed into a small 
sized stable fibrotic plaque (Figure  4B). Minimal lumen 
CSA was 8.2  mm2, vessel wall CSA at the point of mini-
mal lumen CSA was 10.5  mm2. Percent atheroma volume 
(PAV) and total atheroma volume (TAV) calculated as pre-
viously described12 were 21.9% and 27.3 mm3, respectively. 
At 12- month follow- up patient had stopped DAPT, continued 
lipid- lowering therapy, and achieved guideline recommended 
target LDL and HDL levels.

24  months after initial procedure patient was admitted 
due to recurrent angina. Control angiography revealed no 
restenosis in LAD ostium at the site of thrombus aspiration 
(Figure 5A) and new lesion in RCA, which was stented suc-
cessfully. Repeat OCT evaluation of LAD ostium revealed 
stable thick cap fibrotic plaque without lipid core (Figure 5B) 
occupying 115° (approximately 33%) of lumen circumference. 

No significant vessel wall remodeling occurred in period be-
tween 14 and 24 months after primary PCI. Minimal lumen 
CSA and vessel wall CSA at the site of previous plaque rup-
ture were 8.6 mm2 and 11.0 mm2. Calculated PAV and TAV 
were 21.8% and 23.5 mm3, respectively.

3 |  DISCUSSION

We describe the natural course of an unstable, ruptured plaque 
presenting as a STEMI, treated without subsequent mechani-
cal angioplasty (instrumentation of the plaque) or stenting. 
Although the acute phase of the unstable plaque rupture is 
described comprehensively,13 the chronic phase or healing 
process of ruptured plaque has not been well defined in a live 
patient. Many studies describe dynamic changes of athero-
sclerotic plaque volume and composition using statin therapy 

F I G U R E  2  Angiography and OCT 
immediately after Interventional procedure: 
(A) arteriography after thrombus aspiration 
shows vessel lumen with minimal residual 
stenosis (“stent- like” result) and no signs 
of a thrombotic mass (arrow). (B) OCT 
examination after thrombus aspiration 
demonstrated unstable plaque with a large 
necrotic core (NC) and ruptured fibrotic 
cap (arrow). No concomitant thrombus 
seen along a ruptured plaque. (C) 3D 
reconstruction of the ruptured plaque area 
allows to see location of a rupture in LAD 
lumen (arrow) and its relation to the CxA 
ostium

(A)

(C)

(B)

F I G U R E  3  Control angiography and 
OCT examination after 3 months of the 
initial PCI procedure: (A) no restenosis was 
detected in LAD by angiography at the site 
of previous thrombus aspiration without 
stenting (arrow); (B) OCT examination 
shown complete endothelization of a 
previously ruptured plaque surface (arrows), 
but residual necrotic core of the plaque still 
persisted (marked by an asterisk)

(A) (B)
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and subsequent serial IVUS visualization14– 16 even in ACS 
patients,9 but none of them report changes and healing pro-
cess of the ruptured unstable plaque using a high- resolution 
imaging modality such as OCT examination.

The role of plaque healing process in stenosis formation 
and progression has been determined in previous studies. 
Burke AP et al proposed that scar- like contraction of the heal-
ing fibrous tissue may be a cause of the negative remodeling 
often seen in severely stenosed arterial lumen.3 Some authors 
indicate the silent plaque rupture and subsequent healing as 
a major mechanism for plaque growth and chronic stenosis 
formation.17 This suggestion is based on multilayered plaque 
appearance consistent with a history of incorporation of orga-
nized thrombus formed on ruptured or eroded plaque.3

Minimal positive remodeling of vessel lumen was detected 
in our case between 16 and 24 months of follow- up period. 
Complete endothelization of a ruptured plaque occurred 
3 months after initial PCI, but residual mass of necrotic core 

was still observed. Moreover, significant regression of a plaque 
burden was confirmed by OCT up to 24 months after coronary 
intervention and concomitant high- intensity lipid- lowering 
therapy. No significant changes were noted in plaque burden, 
atheroma composition, vascular geometry and atheroma per-
cent or total volume between 12 and 24  months after PCI. 
This could imply that at 12 months, the ruptured plaque had 
stabilized and did not change significantly morphologically in 
the subsequent period. Interestingly, the classical three- layered 
OCT sign of the arterial wall appeared in follow- up accompa-
nied by the process of atherosclerotic plaque regression.

Several studies have shown that lipid- lowering therapy 
with statins is associated with plaque stabilization and a 
considerable number of studies demonstrated plaque regres-
sion with statins or non- statin lipid- lowering therapy.18,19 
However, in all these studies IVUS was used as the only in-
travascular visualization technique for measuring the ather-
oma percent or total volume changes in the follow- up period, 

F I G U R E  4  14- month follow- up result 
assessed by angiography and OCT: (A) 
control angiography shows LAD without 
restenosis after initial intervention (arrow). 
(B) OCT picture revealed small fibrotic 
plaque (asterisk) at the site of previously 
unstable and ruptured plaque

(A) (B)

F I G U R E  5  Control arteriography and 
OCT of the LAD 24 months later: (A) LAD 
without restenosis after primary coronary 
intervention (arrow). (B) Small stable 
plaque (asterisk) detected by OCT without 
significant changes in plaque size and tissue 
composition compared to 14- month follow- 
up result. Classic 3- layered structure of the 
vessel wall is clearly visible (media signed 
by arrows)

(A) (B)
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as well as for assessment of plaque composition changes. 
Some authors studied the plaque healing process using OCT 
examination16 but in published articles using both imaging 
modalities only non- culprit segments were included in the 
analysis.20 Therefore, characteristics of the healing process 
of a clinically manifested ruptured unstable plaque in vivo re-
mained unknown. To our best knowledge, this is a first report 
of the serial OCT examination for detailed in vivo assessment 
of the plaque regression and a vessel wall regeneration up to 
24 months after initial primary PCI without plaque/stenosis 
dilatation or stenting.

Indeed, emergency PCI with stent implantation is the 
centerpiece of guideline- directed therapy in STEMI patients. 
Nevertheless, F. Prati et al support the idea of a “stent- free” 
treatment strategy after thrombectomy, if OCT and angiog-
raphy reveal plaque erosion with intact fibrous cap and he-
modynamically insignificant residual stenosis after thrombus 
aspiration.21

As in our case, Prati et al stated that in thrombectomy 
only group patients <30% residual stenosis revealed after 
thrombus removal and in almost all cases post- aspiration 
coronary flow grade was TIMI III. We used the same potent 
antiplatelet therapy, as prescribed by the authors in cases of 
thrombectomy without stenting. Remarkably, after 2  years 
of follow- up, there were no differences in clinical outcomes 
in patients treated with thrombectomy only, and in patients, 
who received a stent. None in the thrombectomy only group 
requires repeat revascularization.

Only the major difference described in our case was 
plaque condition, which was verified by OCT. We have 
found an unstable plaque with a large necrotic core and a 
ruptured fibrous cap. But after thrombus aspiration, mini-
mal residual stenosis was detected, and the arterial lumen 
was free from thrombotic mass. It has been well studied, 
that in some cases (3– 11%) STEMI was caused by under-
lying hemodynamically insignificant ruptured or eroded 
plaque.22– 24 In these cases, lumen narrowing or occlusion 
are precipitated largely by the thrombus. Thrombus aspi-
ration will result in only minimal residual stenosis of the 
vessel lumen.

Do we need a stent in such situations? It has been specu-
lated that after thrombus aspiration, the remaining disconti-
nuity of the fibrous cap brings platelets into contact with the 
highly thrombogenic necrotic plaque core, leading to throm-
bus formation once more.

Two main questions were raised for the treatment decision- 
making process:

1. Does the stent improve vessel lumen and coronary flow 
in case of minimal residual stenosis and TIMI III grade 
flow (both conditions were present in our case)?

2. Does the stent preclude contact of circulating platelets 
with a necrotic core of the plaque?

Supposedly, the answer to both questions is “no”. We can 
apparently reason that nothing might be gained by stenting 
with minimal residual stenosis of the lumen. Moreover, ad-
ditional stenting causes unnecessary trauma of the arterial 
wall, which carries a risk of restenosis or thrombosis in the 
follow- up period.

On the other hand, combined potent antiplatelet and an-
ticoagulation therapy (heparin, DAPT, Glycoprotein IIb/
IIIa inhibitor) reliably prevents repeat thrombus formation 
after thrombus aspiration and allows the natural healing 
process of the vessel wall in the late period without a for-
eign body.

The guidelines recommend delayed or immediate coro-
nary stenting as a preferable option compared to balloon an-
gioplasty alone in patients with STEMI.25 Several previous 
studies have investigated deferred stenting procedure as an 
option to preserve microcirculation option with conflicting 
results.26,27 The large (deferred vs. conventional stent im-
plantation) multicenter DANAMI 3- DEFER trial showed no 
statistically significant difference in the primary clinical out-
come between groups in the follow- up period.28 Moreover, 
the results of two landmark RCTs suggest that the routine 
use of thrombus aspiration is not indicated.29,30 A safety 
concern highlighted in TOTAL (Trial of Routine Aspiration 
Thrombectomy with PCI vs. PCI Alone in Patients with 
STEMI) trial with an increase in the risk of stroke.31 
Nevertheless, in the high- thrombus burden subgroup, the 
trend toward reduced cardiovascular death,32 mitigation of 
the risk of microembolization and no- reflow provides a ra-
tionale for “bail- out” thrombus aspiration procedure.

No doubt, that coronary stenting is the technique of choice 
during primary PCI in patients with STEMI, however, main 
question that arises following the described case is, can we 
safely defer stent implantation in STEMI patient? if yes, in 
which particular situation can we leave culprit lesion with-
out a stent? Logically, vessel wall healing process without a 
foreign body (as a trigger of inflammation) could be closer to 
physiology and therefore preferable. This case shows the po-
tential of OCT- based “stent- free” strategy with concomitant 
dual antiplatelet and high- intensity statin therapy to obtain a 
satisfactory short- term and long- term result. Moreover, OCT 
may be useful also to understand precise mechanism of ves-
sel occlusion (e.g., embolism, in which after the removal of 
thrombus the vessel is without disease, or spontaneous coro-
nary dissection).

Another important point is duration of dual antiplatelet 
therapy (DAPT) after initial PCI in ACS patients. Taking 
into account the complete endothelization of ruptured 
plaque after 3 months, is this OCT finding sufficient basis 
for shorter DAPT? This case also highlights the utility of 
OCT imaging in studying the natural healing process after a 
ruptured plaque event leading to a major clinically relevant 
presentation.
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4 |  CONCLUSION

In selected cases, the OCT- based “stent- free” strategy of 
primary PCI may be useful to obtain short-  and long- term 
satisfactory result in patients with STEMI. Supposedly, this 
approach promotes the natural healing of ruptured plaque and 
vessel wall without permanent foreign body in the arterial 
lumen.
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