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BACKGROUND: Dialysis is an independent risk factor for in-stent restenosis (ISR) after stent implantation in coronary arteries.
However, the characteristics of ISR in patients undergoing dialysis remain unclear, as there are no histological studies evalu-
ating the causes of this condition. The aim of the present study was to investigate the causes of ISR between patients who
are undergoing dialysis and those who are not by evaluating tissues obtained from ISR lesions using directional coronary
atherectomy.

METHODS AND RESULTS: A total of 29 ISR lesions from 29 patients included in a multicenter directional coronary atherectomy
registry of 128 patients were selected for analysis and divided into a dialysis group (n=8) and a nondialysis group (n=21).
Histopathological evaluation demonstrated that an in-stent calcified nodule was a major histological characteristic of ISR
lesions in the dialysis group and the prevalence of an in-stent calcified nodule was significantly higher in the dialysis group
compared with the nondialysis group (75% versus 5%, respectively; P<0.01). On the other hand, the prevalence of an in-stent
lipid-rich plaque was significantly lower in the dialysis group compared with the nondialysis group (0% versus 43%, respec-
tively; P=0.03). In all cases with an in-stent calcified nodule, the underlying calcification before stent implantation was moder-
ate to severe. When tissue characteristics were stratified according to duration post-stent implantation, an in-stent calcified
nodule in the dialysis group was mainly observed within 1 year after stent implantation.

CONCLUSIONS: In-stent calcified nodules are a common cause of ISR in patients undergoing dialysis and are observed within 1
year after stent implantation, suggesting different causes of ISR between patients undergoing dialysis and those who are not.
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morbidity and mortality in patients undergoing

dialysis."? The mortality caused by cardiovascu-
lar disease in dialysis patients is 9 times higher than
that reported in age-/sex-matched controls without
renal failure.®> A recent meta-analysis demonstrated
a reduced rate of target lesion revascularization in
drug-eluting stents compared with bare-metal stents.*

Cardiovascular disease is the leading cause of

However, dialysis has been associated with target
lesion revascularization even after implantation of a
drug-eluting stent.® The characteristics underlying in-
stent restenosis (ISR) in patients undergoing dialysis
remain unclear owing to the lack of histological studies.

Directional coronary atherectomy (DCA) is a proce-
dure for the removal of plagque mass to relieve obstruc-
tion of an atherosclerotic coronary artery.® It enables

Correspondence: Gaku Nakazawa, MD, PhD, Department of Cardiology, Kindai University, 377-2 Ohnohigashi, Osaka-Sayama, Osaka, Japan. E-mail:

gnakazawa@med.kindai.ac.jp
For Sources of Funding and Disclosures, see page 9.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2020;9:e016595. DOI: 10.1161/JAHA.120.016595


https://orcid.org/0000-0002-5288-9222
https://orcid.org/0000-0002-5934-0427
https://orcid.org/0000-0002-6721-1342
mailto:﻿
mailto:gnakazawa@med.kindai.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Nakamura et al

CLINICAL PERSPECTIVE

What Is New?

e We demonstrated that in-stent calcified nodule
was a major histological characteristic of in-
stent restenosis in patients undergoing dialysis
and observed within 1 year after stent implan-
tation, suggesting different causes of in-stent
restenosis between patients undergoing dialy-
sis and those who are not.

What Are the Clinical Implications?

e The current study is the first to provide a histo-
pathological characteristic of in-stent restenosis
in patients undergoing dialysis.

Nonstandard Abbreviations and Acronyms

DCA directional coronary atherectomy
ISR in-stent restenosis

OUCH Outcome of Cypher Stent in
Hemodialysis Patients

In-Stent Calcified Nodule in Patients Undergoing Dialysis

direct pathological evaluation of the collected tissue in
de novo atherosclerotic or ISR lesions.”® The aim of
the present study was to elucidate the different causes
of ISR among patients undergoing dialysis and those
who are not using tissues obtained through DCA.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Patient Population

Between June 2015 and January 2018, 128 consecu-
tive patients who underwent percutaneous coronary
intervention (PCI) with DCA at 18 centers were enrolled
in a multicenter DCA registry. In the registry, a total of
141 lesions (collected using DCA) were reviewed. Of
those, 98 and 14 lesions were excluded from this study
because they were de novo lesions and lesions with re-
currence of ISR (more than twice), respectively. Finally,
a total of 29 lesions from 29 patients were examined: 8
and 21 lesions were collected from patients undergoing
dialysis (dialysis group) and patients who are not (non-

PCl percutaneous coronary intervention dialysis group), respectively (Figure 1). ISR was defined
as previously described: >50% angiographic stenosis at
Multicenter DCA registry

141 lesions
(from 128 patients)

Excluded

- De novo lesions (n=98)
- Second or more time ISR (n=14)

29 lesions of ISR
(from 29 patients)

8 lesions
from dialysis patients

21 lesions
from non-dialysis patients

Figure 1. Flowchart of inclusion and exclusion criteria.

A total of 141 lesions collected using directional coronary atherectomy (DCA) from 18 institutions were
reviewed. Of those, 98 and 14 lesions were excluded from this study because they were de novo lesions
and lesions with recurrence of in-stent restenosis (ISR; more than twice), respectively. The remaining 29
lesions from 29 patients (treated to ISR lesions with DCA) were included in this analysis: 8 and 21 lesions
were included in the dialysis group and nondialysis group, respectively.
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the stent segment or its edges (5-mm segments adja-
cent to the stent).’® The study was approved by the in-
stitutional ethics committee of each participating center,
and all patients provided written informed consent.

Procedure

All PCI procedures were performed via the femoral
artery using an 8F sheath introducer, with administra-
tion of heparin to achieve an activated clotting time

In-Stent Calcified Nodule in Patients Undergoing Dialysis

>250 seconds. After insertion of the guidewire to the
target coronary artery, intravascular ultrasound and/
or optical coherence tomography was performed to
determine the window orientation of DCA (Atherocut,
NIPRO) based on the plaque distribution. Tissue was
obtained from the narrowest portion of the ISR lesion
through DCA. The number of tissues debulked and the
treatment strategy following DCA was at the discretion
of the operators.

Table 1. Patient and Lesion Characteristics

Dialysis Nondialysis
n=8 n=21 P Value
Age, y 66.9+13.3 72.8+10.8 0.23
Men, No. (%) 6 (75) 19 (91) 0.28
Clinical presentation
Stable angina pectoris, No. (%) 4 (50) 9 (43) 0.25
Acute coronary syndrome, No. (%) 2 (25) 2 (10)
Silent myocardial ischemia, No. (%) 2 (25) 10 (47)
Coronary risk factors
Hypertension, No. (%) 6/7 (87)* 17 (81) 0.78
Hyperlipidemia, No. (%) 5/7 (71)* 16 (76) 1.0
Diabetes mellitus, No. (%) 4/7 (57)* 6 (29) 0.21
Smoking history, No. (%) 4/7 (57)* 8 (38) 0.42
CKD, No. (%) 8 (100) 6 (29) <0.01
Duration of dialysis, y 11.8+£5.7 - -
Hemodialysis, No. (%) 8 (100) - -
Calcium, mg/dL 8.8+0.8 9.3+0.6 0.26
Phosphorus, mg/dL 6.3+1.1 3.5+0.7 <0.01
Calcium-phosphorus product, mg?/dL? 55.9+12.7 32.0+3.8 0.02
Medical history
Previous myocardial infarction, No. (%) 2 (25) 6 (29) 1.0
Previous CABG, No. (%) 1(13) 1(5) 0.48
Target artery, No. (%)
LMCA 0 1) 0.35
LAD 4 (50) 14 (66)
LCX 0 2 (10)
RCA 4 (50) 4(19)
Stent type, No. (%)
BMS 2 (25) 5 (24) 0.40
First-generation DES 0 4 (19)
Second-generation DES 6 (75) 12 (57)
Lesion calcification at initial PCI
None or mild, No. (%) o/7* 11/14 (79)* <0.01
Moderate, No. (%) 2/7 (29)* 114 (7)*
Severe, No. (%) 2/7 (29)* 3/14 (21)*
Calcified nodule/nodular calcification, No. (%) 4/7 (57)* 0/14*
Time to ISR, mo 10.5 (6.0-19.0) 23.0 (8.0-70.0) 013

BMS indicates bare-metal stent; CABG, coronary artery bypass graft; CKD, chronic kidney disease; DES, drug-eluting stent; ISR, in-stent restenosis; LAD,
left anterior descending artery; LCX, left circumferential artery; LMCA, left main coronary artery; PCI, percutaneous coronary intervention; and RCA, right

coronary artery.
*Cases without clinical or lesion history are excluded.
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Histological Preparation and Assessment
Severely calcified tissues were decalcified in EDTA. All
specimens were fixed in 10% neutral buffered forma-
lin and subjected to paraffin embedding. Histological
sections were cut (thickness: 6.5 um) and stained with
hematoxylin-eosin and Movat pentachrome.
Pathological assessment was performed by 2 ex-
perienced investigators (G.N. and M.N.) who were
blinded to the clinical status of patients. Any dis-
crepancy between the findings of the 2 pathologists
was resolved by discussion. Histological characteris-
tics demonstrated various patterns. The cellular-rich
plague was defined as a cell-rich intimal lesion, pre-
dominantly composed of smooth muscle cells."" The
proteoglycan or collagen appeared light green or yel-
low in Movat pentachrome stain, respectively.”” The
lipid-rich plaque included lipid pool, macrophage foam
cells, or necrotic core. The calcified nodule or nodular
calcification were defined as small fragmented nod-
ules of calcification surrounded by fibrin with or without
thrombus, respectively.’ The calcified plaque included
punctate, sheet, or unclassified calcification.'*'®

Severity of Calcification

The degree of lesion calcification at initial PCI was
classified according to angiography and intravascular
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ultrasound as follows: (1) none or mild; (2) moder-
ate (radiopacities noted only during the cardiac cycle
before contrast injection in angiography and/or cal-
cification involving 1 or 2 quadrants of the vessel
circumference in intravascular imaging devices); (3)
severe (radiopacities noted without cardiac motion
before contrast injection and/or calcification involv-
ing >2 quadrants in intravascular imaging devices);'®
and (4) calcified nodules were defined by expulsion
of small calcific nodules into the lumen, and nodular
calcification was defined by protruding calcific mass
without eruptive nodules using optical coherence
tomography.'”'®

Statistical Analysis

Continuous variables with normal distribution were
expressed as meanxSD. Variables with non-normal
distribution were expressed as median (interquartile
range). Comparisons of continuous variables with nor-
mal distribution were performed using Student ¢ test.
The nonparametric Mann-Whitney U test was used
for comparisons of non-normally distributed continu-
ous variables. Categorical variables were expressed as
counts and percentages, and the chi-square test or
Fisher exact test was used for comparison. A P value
<0.05 denoted statistical significance. All analyses
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Figure 2. Pathological evaluation of tissue.

The comparison of the various types of tissues between the dialysis and nondialysis groups (A-F). All of the histological characteristics
from 1 specimen were counted. The incidence of calcified nodules was significantly greater in the dialysis group than the nondialysis
group (E). Lipid-rich plaque was not observed in patients undergoing dialysis (D). Low- and high-magnification images showing
representative histological characteristics of the coronary plaque obtained by directional coronary atherectomy (DCA) (G-L). *P=0.03;

P<0.01.
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were performed using SPSS software version 24.0
(IBM).

RESULTS

Patient/lesion characteristics

Patient and lesion characteristics are summarized in
Table 1. Age, sex, clinical presentation, and risk fac-
tors for coronary disease were similar in the dialysis
and nondialysis groups. Bare-metal stents were im-
planted in 2 of 8 lesions (25%) in the dialysis group,
and 5 of 21 lesions (24%) in the nondialysis group. Al
of the patients undergoing dialysis were on hemodialy-
sis, and the mean duration of dialysis treatment was
11.8+5.7 years. The serum phosphorus level (6.3+1.1
versus 3.5+0.7 mg/dL, P<0.01) and calcium-phos-
phorus product (55.9+12.7 versus 32.0+3.8 mg?/dL?,
P=0.02) in the dialysis group were significantly higher
compared with that in the nondialysis group.

The severity of calcification at initial PCI proce-
dure was greater in the dialysis group than the non-
dialysis group (P<0.01). All lesions in the dialysis
group demonstrated more than moderate calcifica-
tion, whereas 79% of the lesions in the nondialysis
group showed none or mild calcification. Underlying
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calcified nodule/nodular calcification at initial PCI pro-
cedure was observed in 4 of 7 lesions in the dialysis
group (57%). Time to ISR tended to be shorter in the
dialysis group than the nondialysis group (median,
10.5 months [interquartile range, 6.0-19.0 months]
versus 23.0 months [interquartile range, 8.0-70.0],
respectively; P=0.13).

Neointimal Tissue of ISR Lesions
Collected Through DCA

The characteristics of neointimal tissue collected
from the dialysis and nondialysis groups are shown in
Figure 2. The prevalence of cellular-rich plaque, pro-
teoglycan, collagen, and calcified plaque were similar
among the groups. However, the prevalence of an in-
stent calcified nodule was significantly higher in the
dialysis group than the nondialysis group (75% versus
5%, respectively; P<0.01). On the other hand, the prev-
alence of an in-stent lipid-rich plague was significantly
lower in the dialysis group compared with the nondi-
alysis group (0% versus 43%, respectively; P=0.03).
When tissue characteristics were stratified according
to duration post-stent implantation (Figure 3), an in-
stent calcified nodule in the dialysis group was mainly
observed within 1 year after stent implantation. In
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Figure 3. Plaque characteristics of in-stent restenosis (ISR) lesions stratified according to duration postimplantation.
Each dot indicates the pathological characteristics of the tissues collected from ISR lesions (ie, cellular-rich plaque, proteoglycan,
collagen, lipid-rich plaque, calcified nodule, and calcified plaque). The upper red box is the dialysis group, while the lower blue box is
the nondialysis group. The plots stratified according to duration postimplantation (ie, <1 year and >1 year). In-stent calcified nodule in
the dialysis group was mainly observed within 1 year after stent implantation.
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Table 2. Details of Cases With an In-stent Calcified Nodule

Rotablator

Age, y/ ISR Time to Stent Underlying Before Protrusion
Patient No. Sex Dialysis Phase ISR, mo Type Location Calcification Stenting at Initial PCI
1 43/male + Early 2 EES RCA Calcified nodule - +
2 83/female + Early 3 BMS RCA Calcified nodule - +
3 56/male + Mid 7 EES LAD Moderate - NA
4 61/female + Mid 10 EES RCA Severe + NA
5 70/male + Mid 11 BMS RCA Moderate - NA
6 75/male + Late 36 BES LAD Severe/nodular + -

calcification

7 71/male - Late 28 EES LAD Severe + NA

BES indicates biolimus-eluting stent; BMS, bare-metal stent; EES, everolimus-eluting stent; ISR, in-stent restenosis; LAD, left anterior descending artery; NA,
not available; PCI, percutaneous coronary intervention; and RCA, right coronary artery.

contrast, a lipid-rich plaque in the nondialysis group the neointimal tissues collected from ISR lesions are
was mainly observed beyond 1 year. demonstrated in Table 2. Six of the 7 patients were
Detailed patient/lesion characteristics of all of the undergoing dialysis and the severity of calcification be-
cases (ie, 7 cases) that showed calcified nodule in fore stent implantation was more than moderate in all

Initial PCI
pre post 2 months later

Figure 4. Representative case of an early in-stent calcified nodule in a patient undergoing dialysis.

A 43-year-old man undergoing dialysis received everolimus-eluting stents in the right coronary artery (RCA) for stable angina. Coronary
angiography results before (A) and after (B) stent implantation are presented. Optical coherence tomography (OCT) showed a high-
backscattering protruding mass with signal attenuation suggesting the calcified nodule (white asterisks) (A1 and A2). In addition,
OCT demonstrated the protrusion of the calcified nodule (white arrow heads) after stent implantation (B1 and B2). Two months later,
the patient underwent coronary angiography for symptoms of unstable angina pectoris. Coronary angiography (C) revealed in-stent
restenosis in the RCA. OCT (C1) showed a red thrombus (white arrow), while intravascular ultrasound (C1’) showed a thrombus
(yellow arrow) and sheet calcification at the bottom (yellow arrow heads). OCT (C2) demonstrated attenuations (yellow asterisk) and
intravascular ultrasound (C2’) demonstrated acoustic shadow (yellow cross) suggesting the presence of the calcified nodule. Low- (D)
and high- (D’) power images of the tissue collected through directional coronary atherectomy revealed the calcified nodule with fibrin
deposition (red arrow heads). PCl indicates percutaneous coronary intervention.
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cases. In the 2 cases, optical coherence tomography
showed the protrusion of calcified nodules after stent
implantation at initial PCI. The representative cases
with an in-stent calcified nodule are shown in Figures
4 and 5.

DISCUSSION

The purpose of this study was to investigate the his-
topathological differences of ISR lesions in patients
undergoing dialysis and those who are not. We dem-
onstrated that the high prevalence of in-stent calci-
fied nodules was the major histological characteristic
causing ISR in patients undergoing dialysis. In addi-
tion, in-stent calcified nodules in patients undergo-
ing dialysis were more prevalent within 1 year after
stent implantation. A previous human autopsy study
suggested that the tissue of ISR lesions was mainly

In-Stent Calcified Nodule in Patients Undergoing Dialysis

characterized by smooth muscle cells, collagen/
proteoglycan-rich extracellular matrix, and neoath-
erosclerosis.'®?° Thus, the use of drugs that inhibit
smooth muscle cell proliferation in drug-eluting
stents or drug-coated balloons is effective in reduc-
ing the occurrence of ISR.

On the contrary, clinical data for the effectiveness
of drug-eluting stents in patients undergoing dialysis
have been disappointing. Registry studies using si-
rolimus-eluting stents have shown that dialysis was
the strongest predictor of ISR.?! Prospective registry
studies for patients undergoing dialysis, the OUCH
(Outcome of Cypher Stent in Hemodialysis Patients)
series,??7?* have shown that the late lumen loss of siro-
limus-, paclitaxel-, and everolimus-eluting stents was
0.69+0.93 mm, 0.48+0.61 mm, and 0.37+0.63 mm,
respectively. The rates of in-segment binary resteno-
sis were 29.6%, 14.5%, and 16%, respectively. Target

Initial PCI

3 years later

Figure 5. Representative case of late in-stent calcified nodule in a patient undergoing dialysis.

A 75-year-old man undergoing dialysis received a biolimus-eluting stent in the left main coronary artery to left anterior descending
artery (LAD) for stable angina. Coronary angiography before (A) and after (B) stent implantation are presented. Intravascular
ultrasound (IVUS) showed a convex lesion with superficial hyperechoic signal accompanied by acoustic shadow suggesting the
calcified nodule (yellow arrows) (A1 and A2). IVUS demonstrated no protrusions of the calcified nodule after stent implantation (B1 and
B2). Three years later, the patient underwent coronary angiography for symptoms of stable angina. Coronary angiography (C) showed
in-stent restenosis in the ostium of the LAD. Optical coherence tomography showed high-backscattering protruding mass with signal
attenuation (yellow asterisks) and small eruptive calcified nodules on the surface (white arrow) (C1 and C2). IVUS demonstrated
acoustic shadows (yellow crosses) suggesting the presence of the calcified nodule (C1’ and C2’). Low- (D) and high- (D’) power
images of the tissue collected through directional coronary atherectomy revealed the calcified nodule with fibrin deposition (red arrow
head). PCl indicates percutaneous coronary intervention.
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B Extracellular matrix

Figure 6. Mechanism of progression of in-stent calcified nodule.

There might be 3 phases of in-stent calcified nodules. In the early phase, protrusion of a calcified nodule followed by calcifying
fibrin thrombus after stent implantation cause in-stent calcified nodule (A). In the mid-phase, fragments of calcification and fibrin
deposition caused by mechanical destruction of sheet calcification at the time of stent implantation may contribute to the formation
of calcified nodule (B). In the late phase, calcified nodule was formed in the stent over the years as a neocalcified nodule, a type of

neoatherosclerosis (C).

vessel failure at 1 year was 24.5%, 20.2%, and 18%,
respectively. These clinical data suggested the fail-
ure of drug-eluting stents to prevent ISR in patients
undergoing dialysis. The current study demonstrates
that a calcified nodule is one of the major causes of
ISR in patients undergoing dialysis, suggesting the
presence of different characteristics of ISR in these
patients that may cause excessive in-stent lumen
loss. To the best of our knowledge, the current his-
tological study is the first to investigate the tissue
characteristics of ISR lesions in patients undergoing
dialysis.

One hypothesis of the mechanism of a calcified
nodule states that “mechanical stress might frag-
ment sheets of calcium, resulting in small nodules
that become surrounded by fibrin, which might even-
tually erupt through the plaque surface.”™® Although
the mechanism of in-stent calcified nodules remains
poorly understood, there are several reports of early
and late ISR caused by a calcified nodule.?>=28 In the
current study, there might be 3 phases of in-stent
calcified nodule: early, mid, and late. In the early
phase, an in-stent calcified nodule was observed

J Am Heart Assoc. 2020;9:e016595. DOI: 10.1161/JAHA.120.016595

within 2 to 3 months after stent implantation (patients
1 and 2 in Table 2). In the 2 cases, the optical co-
herence tomography finding at initial PCl revealed
the calcified nodules protruded through the stent
struts. The protrusion of a calcified nodule followed
by calcifying fibrin thrombus might cause the early
in-stent calcified nodules (Figure 6A). The previous
report also suggested that the protrusion of calcified
nodules may be responsible for in-stent restenosis
caused by calcified nodules.?®?® In the mid phase,
3 cases demonstrated an in-stent calcified nodule
within 7 to 11 months after stent implantation (pa-
tients 3 through 5 in Table 2). Since there were no in-
travascular images in 3 cases, it was unclear whether
the protrusion occurred. In these cases, underlying
plaque characteristics were moderate to severe
sheet calcification. Fragments of calcification as well
as fibrin deposition caused by mechanical destruc-
tion of sheet calcification at the time of stent implan-
tation might contribute to the formation of a calcified
nodule on the stent surface (Figure 6B). In the late
phase, 2 cases demonstrated in-stent calcified nod-
ule >2 years after stent implantation, suggesting the
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formation of a neocalcified nodule, a type of neoath-
erosclerosis (patients 6 and 7 in Table 2) (Figure 6C).
Further clinical studies utilizing intravascular imaging
are needed to prove this hypothesis.

Several possible factors may account for the
higher prevalence of an in-stent calcified nodule
observed in patients undergoing dialysis. First, end-
stage renal disease and dialysis are established risk
factors for severe coronary artery calcification?®3°
and a calcified nodule®' in the native coronary artery.
In addition, the previous studies revealed that high
serum phosphorus promotes calcification and is as-
sociated with cardiac adverse events.3? Second, high
platelet reactivity in patients undergoing dialysis may
lead to the formation of in-stent calcified nodules.
Some studies have revealed that dialysis is associ-
ated with high platelet reactivity®®34 as a result of the
exposure of blood to the membrane of the dialyzer3®
and the use of heparin.®® Konishi et al®” reported
that patients undergoing dialysis had a significantly
higher rate of thrombus formation after stent implan-
tation, detected through optical coherence tomogra-
phy, compared with patients who are not undergoing
dialysis. We suggest that these 2 characteristics of
patients undergoing dialysis, namely calcification in
the coronary artery and high platelet reactivity, may
be responsible for the higher prevalence of in-stent
calcified nodules.

The present study also demonstrated that lip-
id-rich plague was exclusively observed in patients
who are not undergoing dialysis. Consistently, pre-
vious studies demonstrated that statins reduced the
incidence of revascularization.®® On the other hand,
a randomized controlled trial showed that statins are
less effective in patients undergoing dialysis.®® The
low incidence of lipid-rich ISR in patients undergo-
ing dialysis, shown in the current study, may partly
explain the lower effectiveness of statins in patients
undergoing dialysis.

Study Limitations

There were several limitations in this study. First, the
indication of DCA depends on the operator and may
be subject to selection bias. Second, the specimens
obtained through DCA were part of ISR lesions and
may not represent the entire plaque. Third, because
many cases exhibited early restenosis, we were un-
able to investigate the plague morphology of late-stage
ISR in patients undergoing dialysis. Finally, since the
intravascular images at initial PCl were not available in
several cases, some mechanistic hypotheses regard-
ing in-stent calcified nodules lacked their supportive
data. Further studies are warranted to confirm the
significance and application of the findings in a larger
population.

J Am Heart Assoc. 2020;9:e016595. DOI: 10.1161/JAHA.120.016595
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CONCLUSIONS

In-stent calcified nodules are a common cause of ISR
in patients undergoing dialysis and are observed within
1 year after stent implantation. These findings suggest
different characteristics of ISR between patients un-
dergoing dialysis and those who are not.
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