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death in patients on maintenance hemodialysis,

with reports of 10 to 20 times higher than in the
general population.! The association between chronic
kidney disease and higher cardiovascular event rates
following coronary intervention has been well docu-
mented.? Several studies have established that worse
clinical outcomes following coronary revascularization
track with the severity of renal dysfunction, with sub-
jects on maintenance hemodialysis showing the worst
clinical outcomes.® Patients on hemodialysis tend to
have greater calcification of their coronary arteries,
which hampers optimization of percutaneous coronary
intervention (PCI) results*® and leads to inappropriate
vascular healing.® Both factors contribute to the poorer
outcomes after coronary stent implantation in patients
on hemodialysis.”8

Cardiovascular disease is the dominant cause of

See Article by Nakamura et al.

As referenced above, the type of coronary lesions
that develop both in native coronaries as well as in
the neointima of stented lesions may influence out-
comes in patients on maintenance hemodialysis. In an
autopsy series of subjects dying of sudden coronary
death, we described the most common cause of acute
coronary thrombosis. Most frequently in occurrence
was plague rupture (65%), commonly found in men
<50 years of age, followed by plaque erosion (30%),
which was more commonly observed in young women
(<50 years of age) smokers. The least frequent cause
was calcified nodule (CN) (3%), which was found in
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older individuals®'® and was equally distriouted in men
and women. We defined CN as “a lesion with fibrous
cap disruption that was associated with eruptive,
dense, calcific nodules with the presence of luminal
thrombus.” Overall, because the incidence of CN is
low and the number of cases collected by our institute
far outnumbers by the other causes mentioned above,
the precise mechanisms underlying the CN remain
unknown. One possible hypothesis is that mechani-
cal stress might fragment less calcified areas that are
sandwiched between more rigid segments of sheet
calcification. CN is most frequently observed in the
right coronary artery, where hinge motion or excessive
torsion stress is maximal during the cardiac cycle.'°
This hypothesis is supported by case reports and clin-
ical studies.""'® One other point of distinction should
also be made. It is important to recognize the differ-
ence between “eruptive CN” and “nodular calcification
(NC)”; the latter occurs within the plaque and does not
involve disruption of the fibrous cap or contact with the
lumen, but is often associated with medial wall disrup-
tion with or without extension into the adventitia.

We described many years ago the phenomenon
of neoatherosclerosis, in which lipid-laden macro-
phage foam cells accumulate within the neointima of
stented arteries, with or without necrotic core forma-
tion, or calcification or complications of thrombosis.
Neoatherosclerosis as far as we know can encompass
the full spectrum of atherosclerotic lesions, even the
thrombotic lesions mentioned above. Thrombi in this
setting are primarily associated with plague rupture,
whereas eruptive CNs have rarely been reported' 4
and no systematic evaluation has ever been performed.
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A study in this issue of the Journal of the American
Heart Association (JAHA) by Nakamura et al'® adds in-
teresting information about our knowledge of in-stent
restenosis (ISR) in the setting of hemodialysis and how
this could potentially be in part responsible for the
poor outcomes seen in these patients. The study was
a histopathologic analysis of ISR lesions obtained by
directional coronary atherectomy from 18 centers in
Japan.'® A total of 141 lesions were collected from the
multicenter registry. However, a large number of cases
were excluded (ie, 98 de novo and 14 recurrent reste-
nosis lesions), leaving 29 ISR lesions from 29 patients
for further evaluation. Eight lesions from 8 patients on
dialysis and 21 lesions from 21 patients not on dialy-
sis were collected, and histologic characteristics were
compared between the 2 groups. Intravascular im-
aging evaluation (optical coherence tomography and/
or intravascular ultrasound) demonstrated that CN/
NC was observed at baseline (before first [ie, before
stent placement] PCI) in most cases (4/7 cases; 57%)
among patients on dialysis, whereas none was seen
in the nondialysis cases (0/14). At follow-up (ie, during
PCI for the ISR lesion), the prevalence of in-stent CN/
NC was also significantly higher in the hemodialy-
sis group compared with the nonhemodialysis group
(75% versus 5%, respectively; P<0.01), despite the
time to ISR being shorter in the hemodialysis group
(median of 10.5 versus 23 months; P=0.13). On the
other hand, the prevalence of in-stent lipid-rich plaque
was significantly lower in the dialysis group (0% versus
43%, respectively; P=0.03). In all cases with an in-stent
CN/NC, the underlying calcification before stent im-
plantation was moderate to severe. When tissue char-
acteristics were stratified according to the duration of
poststent implantation, most (4/6) of the in-stent CN/
NC in the dialysis group was observed within 1 year
after stent implantation. The authors proposed the
mechanisms of in-stent CN/NC based on the duration
after stent implantation. When CN/NC was observed
early (in the first 3 months; n=2), the mechanism was
related to the protrusion of a CN/NC (already present at
the time of PCI) into the lumen through the stent struts.
In-stent CN/NC observed between 3 and 12 months
(n=8) occurred from the underlying sheet calcification
that fractured during stent implantation, and the least
frequent cause was from in-stent neoatherosclerosis
(ie, neo-CN or de novo CN) and occurred only late after
stent implantation (N=2; >2 years after stenting).

To the best of our knowledge, this is the first study
to evaluate the histological features of ISR tissue in
patients on hemodialysis. Although the number of
cases in this study was relatively small, meaning pa-
tient selection bias cannot be dismissed in the clinical
study design, and the evaluation was performed from
tissue removed following directional coronary atherec-
tomy, the authors showed that ISR tissue in patients
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on hemodialysis showed greater incidence of CN
compared with the patient without hemodialysis in the
real-world clinical setting. These findings raise import-
ant questions about therapeutic approaches for ISR
lesions in patients on hemodialysis.

However, before we discuss the result of this study
further, we need to address the discrepancy between
the histologic definition of CN and that used in intra-
vascular imaging studies. By histology, fibrous cap dis-
ruption and attachment of luminal thrombus are used
to define any lesion as CN. On the other hand, intra-
vascular imaging modalities cannot detect fibrous cap
disruption with the presence of thrombus over the pro-
truding calcified nodular mass in the lumen because
of their limited resolution and artifacts.'® Therefore, it
is likely that CN, as defined by intravascular imaging
studies, includes some lesions of NC, which does not
involve luminal thrombi. In the current imaging-based
study, the authors did not differentiate CN from NC as
such a distinction is not possible with current technol-
ogies available.

The authors have proposed 3 types of possible
mechanisms of in-stent CN/NC based on the dura-
tion of poststent implantation: type 1, in-stent CN/NC
caused by the protrusion of NC from the underlying
plague (secondary CN/NC) (early phase; <3 months);
type 2, in-stent CN/NC caused by the protrusion of un-
derlying NC, which was sheet calcification at the time
of stent implantation and likely fragmented because of
mechanical stress, with eventual transformation into
NC (middle phase; 3—24 months); and type 3, de novo
CN/NC that occurred from in-stent neoatherosclero-
sis (late phase; >24 months). Over 2 decades, CVPath
stent autopsy registry had received >1200 stented le-
sions from 700 sudden death victims.® In-stent CN/NC
caused by the protrusion of NC (ie, type 1) has been
observed in limited cases (Figure 1). In these cases,
NC protruded at the time of initial stent implantation
or in the follow-up phase and caused in-stent CN/NC
(Figure 2) in both the early phase and late phase.

However, the mechanisms of type 2 in-stent CN/
NC are questionable and difficult to prove. For the type
2 in-stent CN/NC in the current study, poststenting
intravascular imaging was available in only 1 case of
4 in the study. Therefore, one cannot be certain that
there was no luminal protrusion after stenting. Also,
even if underlying calcification did not protrude into the
lumen and was not considered as NC at the time of
stenting, intravascular imaging, especially intravascu-
lar ultrasound, can miss CN/NC because of acoustic
shadowing. The number of individuals who underwent
intravascular ultrasound/optical coherence tomogra-
phy was not reported in this study. Therefore, assess-
ments of plaque characteristics remain limited.

Type 3 in-stent CN/NC (ie, de novo CN/NC) has only
been reported once in an autopsy stent registry.'*"” In
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Figure 1. Images of in-stent nodular calcification.

A 62-year-old woman with a history of coronary artery disease, breast cancer, and Hodgkin disease died because of sepsis. She
underwent percutaneous coronary intervention with stenting in the right coronary artery 9 months before her death. A, Radiography
image demonstrates severe calcification of the proximal right coronary artery with Xience (Santa Clara, CA) drug-eluting stent in place.
B and C, Images are corresponding cross-section histologic images from the red line in image A, showing 50% in-stent restenosis by
neointimal thickening with underlying nodular calcification. D, Image is a high-power image of blue boxed area in image B. Red arrows
separate the border between neointimal tissue and underlying plaque tissue before stenting, suggesting that nodular calcification
protruded into the lumen through the stent strut during stenting. E, Image shows the high-power image of the boxed area in image D.
Figure E is a high-power image of the yellow boxed area in figure D. Note intact fibrous cap without luminal thrombus (blue arrows),
which suggests that the lesion is nodular calcification and not a calcified nodule. Stent struts (asterisks) are located within the nodules

(dark red stained area). B, D, and E, stained by Movat pentachrome; C, stained by hematoxylin and eosin.

accelerated atherosclerosis lesions, such as vein graft
and in-stent lesions, CN/NC can occur theoretically;
however, we assume that such changes would take
a far longer time than the authors report. CN/NC is
mainly seen in older individuals, suggesting that the
formation of CN is an event that takes decades to
form. CNs/NCs in vein grafts have been reported only
in 2 cases 15 and 33 years following coronary artery
bypass grafting"'8; one occurred at the hinge point
where mechanical stress was the highest, whereas the
cause of the other was unknown. In in-stent lesions,
because intravascular imaging devices cannot distin-
guish between de novo CN/NC and secondary CN/NC
(ie, type 1), their relative prevalence remains unknown.
However, we believe that in-stent de novo CN/NC is
extremely rare and difficult to prove as imaging must
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be performed before PCI and repeatedly after PCI. It
is possible if stent struts are seen within the areas of
calcification then the lesion likely occurred in a de novo
manner." Last, the time interval following stenting may
have to be more than a decade or longer for CN/NC, to
have had the time to form. We also need to recognize
that stents form a rigid scaffold that makes the lesion
less susceptible to mechanical stress and unlikely to
lead to NC/CN unless there was a fracture of the stent
that may also fracture the sheet calcium.

In summary, the work by Nakamura et al'® revealed
that CNs/NCs were frequently seen in directional cor-
onary atherectomy tissue removed from ISR lesions in
patients on hemodialysis. The findings may help in the
management of ISR lesions in patients on hemodial-
ysis, which is one of the most challenging lesions to
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Figure 2. Protrusion of nodular calcification into the lumen after stent implantation.

A 56-year-old man, a smoker with a history of hypertension and diabetes mellitus, presented with non-ST-segment-elevation
myocardial infarction and underwent percutaneous coronary intervention with a Resolute (Medtronic, Minneapolis, MN) drug-eluting
stent (DES) in the middle left anterior descending artery 1 month before death, from chronic heart failure. A, Radiographic image
shows a DES implanted in a severely calcified coronary artery. B and C, Images that are corresponding cross-section histologic
images taken from the red line in image A. Essentially no neointimal growth is observed. D, Image is from the blue boxed area in image
B. Nodular calcification protrudes into the lumen beyond the stent struts (asterisks). Image E is a high-power image of the orange
boxed area in D. Nodular calcification is not covered by a fibrous cap, but note attached thrombus. There is no fibrous cap identified
in this section. B, D, and E, stained by Movat pentachrome; E, stained by hematoxylin and eosin.
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