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Abstract

Chronic total occlusion (CTO) is probably caused by
thrombus and lipid-rich cholesterol esters that are
replaced over time by collagen and calcium deposition.
Experimental models showed endothelial cell necrosis in
response to vessel ligation, whereas more recent models
suggest that the endothelium might retain viability
guiding the subsequent development of CTO, including
CTO neo-revascularization, which occurs within the lumen
and in various layers of the vessel wall, by the release of
paracrine substances. It is uncertain whether after CTO
recanalization the recovery of anterograde reverses
endothelial dysfunction, thus promoting vasodilation and
positive remodeling.
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Introduction
Vascular remodeling is a homeostatic response to changes

in flow and circumferential stretch to maintain or restore
normal shear stress and wall tension [1].

In patients with a total occlusion of a coronary artery,
reduced blood flow in distal reference segments might
promote both negative vascular wall remodeling and plaque
growth, as shown in animal models with carotid arteries [2].

When recanalizing chronic total occlusion CTO segments,
the distal reference segments in coronary angiograms usually
appear very thin, inviting the question of whether flow
restoration of these tiny vessels will lead to any substantial
improvement in cardiac function and justify the risk of this
complex procedure at all, because CTO recanalization is more
frequently associated with various complications during PCI
[3].

Case Presentation
52 years old male patient known to be dyslipidemic but not

diabetic, not hypertensive, and not smoker, presented with
exertional angina symptoms and dyspnea grade II, resting ECG
showed minor ST-T wave changes in pre cordial chest leads,
Resting Echocardiography showed moderate hypokinesia of
the territory of LAD, and borderline systolic function. Coronary
angiography showed CTO of proximal LAD with retrograde
filling of the distal LAD from RCA. CTO PCI to LAD was done in a
separate session, Fielder XT-A supported by Fine-cross micro
catheter was managed to cross the proximal cap of the CTO
segment after several trials of sliding technique, small balloon
trek was used to pre dilate the lesion then up escalating
balloons inflations was done before stenting the lesion, 2DES
Xience primer were used to fix the lesion, control angiography
showed small distal reference segment of the whole LAD just
distal to the stents. 6 months and 2.5 years follow up coronary
angiography was done and compared to the primary one
showed gradual up escalating improvement of the distal
reference vessel diameter (Figure 1).

Figure 1: A. Acute remodeling pattern of distal segment of
CTO proximal lesion of LAD after stenting by DES. B. 6
months control angiography of the same segment with little
gain of diameter improvement C. Late remodeling pattern
of the same segment after 2.5 years of angiographic follow
up.

Discussion
Coronary CTO represents a unique in vivo patho-

physiological model, in which alterations of segments distal to

Case Report
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the occlusion are mainly determined by severe shear stress
reduction. Indeed, in the distal coronary segments, the
reduction of shear stress results in lesser endothelial release of
vasodilators, in particular of nitric oxide [4] and greater release
of vasoconstrictors, in particular endhotelin-1, thus favoring
vasoconstriction [5]. Moreover, the endothelium promotes the
proliferation of “non-contractile” smooth muscle cells (SMCs)
into the intima and structural alteration of extracellular matrix.

The severity of coronary artery obstruction plays an
important role in the development of coronary collateral
channels. Coronary collaterals do not develop until there is a
coronary stenosis with a narrowing in diameter of 70% or
more. Beyond this threshold value, the growth of collateral
channels is directly related to stenosis severity [6]. The
transformation of preexisting collaterals into mature
collaterals is called arteriogenesis [7]. Vascular endothelial
growth factor VEGF may play an important role in this process
in vivo. Some studies have demonstrated that administering
various angiogenic growth factors, including VEGF, can
augment revascularization of the myocardium [8].

The improvement of distal vessel diameter size detected at
follow-up after CTO recanalization can theoretically be
explained by 3 different mechanisms: 1) impaired endothelium
dependent and/or -independent vasomotion immediately
after CTO recanalization (hibernated vascular wall) and/or an
intense vasoconstriction that improves at follow-up; 2) positive
remodeling; or 3) a combination of both [9].

In our case the immediate response of the distal reference
segment to the opening of CTO segment was sluggish
remodeling while at a follow up period of 6 months and 2.5
years the response is much better.

In a study done by Park et al. found evidence of a flow-
dependent vascular remodeling process in human coronary
arteries after successful total occlusion recanalization that was
associated with increases in lumen diameter, external elastic
membrane (EEM) diameter, lumen area, EEM area, and LVEF.
They also showed that more than two-thirds of the patients
after recanalization showed lumen area increase in the distal
reference segments along with improved LVEF 6 months after
PCI. This vascular remodeling process with better coronary
flow might contribute to improved myocardial function and
clinical outcomes [10].

It is interesting to note that administration of iodinated
contrast media have complex vasomotor effects especially in
CTO PCI procedures where large amounts of contrast are used
[11]. Similarly, aggressive guide wires manipulation can
determine an intense coronary vasoconstriction, which could
be a reasonable factor of vessel diameter changes seen at late
follow-up. Conversely, the distal stent diameter, and thus the
coronary segment distal to it, yielded a significant effect on
diameter improvement. This finding might be related to the
well-known association between shear stress and vessel
diameter [12]. Accordingly, a larger vessel diameter in the

distal stented segment might increase shear stress, thus
facilitating the recovery of endothelial vasodilator function at
follow-up.

Conclusion
Recanalization of CTO lesions is sometimes followed

immediately by poor positive remodeling of the distal
reference segment which may improve by time up to 2.5 years
of follow up that suggests recovery of a hibernation state of
vascular wall.
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