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vere coronary artery calcification, which increases the complexity of
percutaneous coronary intervention requiring rotational atherectomy
(RA) by interfering with lesion preparation, and limiting final stent ex-
pansion.

OBJECTIVE: Investigate 30-day and 18-month clinical outcomes in pa-
tients with and without diabetes treated with percutaneous coronary
intervention requiring RA.

DESIGN: Medical record review

SETTING: Multicenter registry in South Korea

PATIENTS AND METHODS: The ROtational atherectomy in Calcified
lesions in Korea (ROCK) registry was a large, retrospective, multicenter
study to assess RA treatment of severe coronary artery calcification.
MAIN OUTCOME MEASURES: The primary endpoint was target-ves-
sel failure including cardiac death, target-vessel myocardial infarction,
and target-vessel revascularization.

SAMPLE SIZE: 540 patients followed for a median of 16.1 months.
RESULTS: Of the 540 patients, 305 had diabetes (56.5%). The diabe-
tes group had a significantly higher frequency of multivessel disease;
comorbidities such as hypertension, dyslipidemia, and chronic kidney
disease; and lower ejection fraction of the left ventricle compared to
the non-diabetes group (n=235). There were no significant differences
in procedure success and complications observed between the two
groups. Target vessel failure at 30 days between the diabetes and non-
diabetes groups was not statistically significant in a multivariate Cox
regression analysis (1.6% vs. 2.6%, adjusted hazard ratio [HR] 0.595,
95% confidence interval [CI] 0.154-2.300, P=.451). During an 18-month
follow-up, the risk of target vessel failure was higher (12.5% vs. 8.9%)
but the difference was not statistically significant (adjusted HR 1.393,
95% Cl 0.782-2.482, P=.260).

CONCLUSIONS: Patients with diabetes have a risk of complications
comparable to patients without diabetes, and 30-day and 18-month
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clinical outcomes are similar in severe coronary artery calcification re-
quiring RA, despite having more comorbidities.
LIMITATIONS: Retrospective design. Sample size not based on power

calculation.

CONFLICT OF INTEREST: None.

n 2019, at least 463 million people worldwide had

diabetes mellitus, an increase from an estimated 382

million people in 2013."? The incidence rate of dia-
betes is expected to gradually increase due to lifestyle
changes and a “Western-style” diet. Cardiovascular
disease is a serious complication associated with dia-
betes.® It is well known that diabetes is closely related
to poor prognosis in coronary artery disease (CAD) pa-
tients with percutaneous coronary intervention (PCl).
In diabetic patients, despite the use of drug-eluting
stents, there is more plaque burden and neointimal hy-
perplasia, resulting in increased in-stent restenosis.’**

Severe coronary artery calcification (CAC) accounts
for approximately 6-20% of all PCI.7® The presence of
severe CAC was related to worse clinical outcomes,
including death, repeat revascularization, and myocar-
dial infarction (MI).” In particular, diabetes increases the
risk of severe CAC, which increases overall procedural
complexity by making lesion preparation difficult, com-
plicating device delivery, and limiting final stent expan-
sion.? In the PCl era, the burden of CAC is on the rise
with an aging society. As one of the solutions, rotational
atherectomy (RA) ablates severe calcified plaques lead-
ing to better lesion preparation, and better stent ex-
pansion.'®

Previous studies have reported the impact of diabe-
tes on clinical outcomes in patients with severe CAC.""
* However, clinical outcomes including angiographic
complication in patients with diabetes with CAD re-
quiring RA based on multicenter registry are unknown.
Therefore, the objective of the present study was to
compare the 30-day and 18-month clinical outcomes
in patients with and without diabetes treated with PCI
requiring RA.

PATIENTS AND METHODS

This large, retrospective, multicenter study to assess
RA treatment of severe CAC involved patients enrolled
in the The ROtational atherectomy in Calcified lesions
in Korea (ROCK) Registry." The study population
included patients entered into the registry from nine
tertiary care centers in Korea between January 2010
and October 2019 who underwent PCl using RA.
The study population included patients with heavily

calcified lesions and significant stenosis (stenosis =70%
of reference diameter) identified in each institutional
database. There were no special exclusion criteria. The
patients were classified into a diabetes group (n=305,
56.5%) and a non-diabetes group (n=235, 43.5%).
Diabetes was defined as a fasting glucose level =126
mg/dL, glycated hemoglobin =6.5%, current use of
antidiabetic medications, or a self-reported physician
diagnosis of diabetes. Data were collected from each
institution using standardized forms to document
baseline characteristics and follow-up data. Follow-up
data were obtained from medical records and patient
interviews.

The treatment strategy, including burr sizing during
the procedure was at the physician’s discretion with
careful consideration of clinical risk factors, anatomical
complexity, and patient conditions. The description of
the rest of the procedure was detailed in a previous
paper.” All patients provided written informed consent
and this study was approved by the Institutional Review
Board at each participating hospital

The primary outcome was target-vessel failure (TVF),
a composite of cardiac death, target-vessel myocardial
infarction (Ml), and target-vessel revascularization (TVR).
Secondary endpoints were all-cause death, cardiac
death, M, target-vessel MI, TVR, stent thrombosis (ST),
stroke, and any bleeding.

Target-vessel M| was apparently spontaneous MI
due to the target vessel. Spontaneous Ml was defined
as an increase in creatine kinase-myocardial band (CK-
MB) or troponin above the upper limit of the normal
range with ischemic symptoms during post-discharge
follow-up. Peri-procedural Ml was defined as peak el-
evations of the CK-MB at least 10-fold above the upper
reference limit within 48 hours post-procedure. Chronic
kidney disease (CKD) was defined as estimated glomer-
ular filtration rate <60 mL/min/1.73m?, as calculated
according to the Modification of Renal Diet equation.
The remaining definitions of variables were described
in detail in a previous paper.’

Continuous variables were compared using the t
test and expressed as median and interquartile range
or mean and standard deviation. Categorical variables
were compared using the chi-square or Fisher’s exact
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test and presented as number and percentage.
Cox proportional hazard models were performed to
analyze the impact of diabetes on clinical outcomes.
Multivariate Cox regression analyses were conducted
with significant variables identified on univariate Cox
regression analyses (P<.1). The hazard ratio (HR) and
95% confidence interval (Cl) were calculated. Clinical
outcomes were determined using the Kaplan-Meier
method and compared using the log-rank test. A P
value <.05 was considered statistically significant.
The sample size for a one-sided alpha of 0.05, and a
power of 80% was calculated as 1543 patients with
the HR margin of TVR of 1.343 in the present study.
All statistical analyses were conducted using Statistical
Analysis Software (SAS, version 9.2, SAS Institute, Cary,
NC, USA).

RESULTS

This study included 540 eligible patients, 305
with diabetes and 235 without diabetes (Table 1).
Comorbidities, including hypertension, dyslipidemia
and CKD were more common in patients with diabetes.
The diabetes group had lower levels of hemoglobin,
total cholesterol, low-density lipoprotein cholesterol,
and high-density lipoprotein cholesterol. The ejection
fraction of the left ventricle was significantly lower in the
diabetes group. The prevalence of multivessel disease
was significantly higher in the diabetes group (Table
2). There were no significant differences in procedure
success and periprocedural complications between the
groups (Table 3).

TVF at 30 days and 18 months were not different
between the diabetes and non-diabetes groups (1.6 vs.
2.6% at 30 -days, P=.545, 12.5 vs. 8.9% at 18 -months,
P=.193) (Table 4). The primary endpoints occurred more
often in patients with diabetes compared to patients
without diabetes, and had no statistical significance.
The incidence rates of cardiac death, target -vessel
MI, and TVR at 30 days and 18 months in the diabetes
group were comparable with those of patients without
diabetes. Diabetes was not significantly related to
clinical outcomes at 30 days and 18 months in crude
and multivariate adjusted models. Compared with
patients without diabetes, there was no difference in
the incidence of 18-month TVF in patients with diabetes
duration <10-year (unadjusted HR: 1.375, 95% Cl: .727-
2.602, P=.328; adjusted HR: 1.378, 95% Cl: .655-2.900,
P=.398) and diabetes duration =10-year (unadjusted
HR: 1.729, 95% CI: 1.000-2.990, P=.050; adjusted
HR: 1.346, 95% Cl: .670-2.705, P=.403). There was no
difference in the incidence of 18-month TVF in patients
with diabetes treated with oral hypoglycemic agents

original article

(unadjusted HR: 1.092, 95% Cl: .663-1.798, P=.730;
adjusted HR: .925, 95% CI: .513-1.667, P=.795) and
patients with diabetes treated with insulin (unadjusted
HR: 1.573, 95% CI: .818-3.028, P=.175; adjusted HR:
2.752, 95% Cl: .793-7.748, P=.195) compared with
patients without diabetes.

DISCUSSION

The principal findings in the present study are
that diabetic
comorbidities and adverse events compared to those

patients requiring RA had more

without diabetes. The incidence of hypertension,

Table 1. Baseline characteristics of the study population (n=540).

Diabetes No diabetes P value
(n=305) (n=235)

Age (years) 72 (13) 74 (14) .394
Male sex 173 (56.7) 150 (63.8) .095
Body mass index
(kg/m?) 24.1 (4.2) 23.5(5.6) .753
Smoking 55 (18.0) 48 (20.4) .483
Risk factors

Hypertension 245 (80.3) 170 (72.3) .029

Dyslipidemia 147 (48.2) 88 (37.5) .013

Family history

of coronary artery 8 (2.6) 3(1.3) .363

disease

g.hronic kidney 72 (23.6) 24 (10.2) <.001

isease

Previous coronary

artery bypass graft 15(4.9) 7(3.8) S

Previous

myocardial 36 (11.8) 30(12.8) .735

infarction

Stroke 46 (15.1) 29 (12.3) 361

Heart failure 47 (15.4) 30(12.8) .384

Atrial fibrillation 27 (8.9) 22 (9.4) .838
Clinical presentation

Stable angina 93 (30.5) 81 (34.5)

Unstable angina 97 (31.8) 78 (33.2)

Non-ST-elevation

myocardial 82 (26.9) 52 (22.1)

infarction 106

ST-elevation

myocardial 7 (2.3) 12 (5.1)

infarction

Silent ischemia 26 (8.5) 12 (5.1)

ANN SAUDI MED 2022 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET

293



original article

Table 1 (cont.). Baseline characteristics of the study population (n=540).

Diabetes No diabetes P value
(n=305) (n=235)
Clinical diagnosis
Acute myocardial 89 (29.2) 64 (27.2) 619
infarction
Nonacute
myocardial 216 (70.8) 171 (72.8)
infarction
Left ventricular 51.6 (13.4) 54.8 (13.1) .007
ejection fraction
Treatment
Non-vitamin K
antagonist oral 10 (3.3) 6(2.6) 622
anticoagulant
Dual antiplatelet 292 (95.7) 227 (96.6) 609
therapy
Aspirin 299 (98.0) 230 (97.9) >.999
P2Y12 inhibitor 298 (97.7) 232 (98.7) 525
Beta blocker 213 (69.8) 167 (71.1) 757
Renin angiotensin
system blocker 189 (62.0) 152 (64.7) 517
Statin 284 (93.1) 218 (92.8) .875
Laboratory findings
Hemoglobin
(g/dL) 11.9 (1.9 12.9 (2.9 <.001
Platelet (x10%/L) 215.0 (68.8) 224.6 (73.6) 121
Glycated
hemoglobin 7.3(1.6) 5.8 (0.5) <.001
(%)
High-sensitivity
C-reactive protein 3.6(11.9) 2.2(5.4) 219
(mg/dL)
Total
cholesterol 136.8 (34.7) 152.5 (41.8) <.001
(mg/dL)
Low density
lipoprotein 79.9 (41.7) 90.9 (35.5) .003
cholesterol
(mg/dL)
High density
lipoprotein 44.2 (13.4) 48.5 (15.5) .001
cholesterol
(mg/dL)
Triglyceride 121.2 (73.3) 117.7 (75.2) 619
(mg/dL) : ’ ' ’ :

Data are expressed as median (interquartile range) for age and body mass index, and mean (standard

deviation) or number (%).
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dyslipidemia, CKD, non-ST segment elevation MI,
silent ischemia, and multivessel disease was higher in
patients with diabetes compared with patients without
diabetes. Patients without diabetes also had lower
ejection fraction of the left ventricle than patients
without diabetes. Second, there were no significant
differences in procedure success and periprocedural
complications between the two groups. Third, 30-
day and 18-month clinical outcomes of patients
with diabetes were comparable with those without
diabetes. To our knowledge, this study is the first to
compare the 30-day and 18-month clinical outcomes
including angiographic complications in patients with
and without diabetes treated with PCl requiring RAin a
multicenter registry.

Patients with diabetes have the following
characteristic coronary artery disease (CAD) patterns:
smaller vessels, multivessel involvement, higher
incidence of left main disease, poor collateral vessel
development, and CAC.”'%" These factors lead to
a poor prognosis in diabetic CAD patients. Despite
recent therapeutic advances, such as novel antiplatelet
agents and drug-eluting stents, clinical outcomes in
patients with diabetes after PCl remain significantly
worse than in patients without diabetes. The
mechanisms responsible for these differences include
a prothrombotic state, increased platelet activation,
inflammation, endothelial dysfunction, and other
comorbidities.?>?' According to the results of our study,
the proportions of adverse events, such as non-ST
segment elevation M, silent ischemia, and multivessel
disease were higher in patients with diabetes than in
patients without diabetes.

Severe CAC presents several important technical
issues for interventionalists. Severe CAC can increase
the risk of major adverse cardiac events including
restenosis and stent thrombosis as a result of incomplete
preparation of the calcified stenotic lesion and
insufficient acute luminal diameter gains.?? In addition,
non-expandable lesions might need to be inflated with
a high-pressure balloon, which increases the risk of
damage and rupture of the coronary arteries. Therefore,
CAC was related to poor prognosis in CAD patients
who underwent revascularization.? In the future, severe
CAC is expected to increase due to the increased
prevalence of diabetes, CKD, and elderly patients. RA
could be a solution to overcome balloon non-dilatable
lesions; however, it increases the risk of procedural
complications. RA can increase the minimal lumen
diameter after PCl and reduce residual plaque, creating
a risk of stent thrombosis and restenosis.?* Besides RA,
other calcium plaque disruptive techniques include
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orbital atherectomy and intravascular lithotripsy.?

Previous studies have investigated the impact of
diabetes on clinical outcomes in patients with severe
CAC."""3 Two of these studies showed clinical results
of orbital atherectomy in diabetes and non-diabetes
groups.”'* Lee et al reported that the rates of adverse
clinical outcomes in patients with diabetes who
underwent orbital atherectomy were similar to those
in patients without diabetes at 30-day and 1-year
follow-up. These results were similar to those of our
study. However, they did not evaluate the angiographic
complications between patients with and without
diabetes.” Whitbeck et al investigated acute clinical
outcomes after coronary orbital atherectomy in patients
with and without diabetes. However, the study was
single-center and had limited sample size. They showed
no difference in angiographic complications and
acute adverse events between groups, but the overall
incidence of events was smaller than in our study.’
There is only one study about the clinical outcomes of
patients with diabetes with severe CAC requiring RA
compared to patients without diabetes.’? Januszek et
al reported no significant differences in angiographic
success and periprocedural complications between
patients with and without diabetes. The authors also
reported the clinical outcomes in those who did not
undergo RA; however, they did not present long-term
clinical outcomes. Our study analyzed the angiographic
success and periprocedural complications as well as
30-day and 18-month clinical outcomes in patients with
and without diabetes who underwent RA.

A limitation of the study is that the sample size
was insufficient for a properly powered study and we
cannot rule out the possibility of a type 2 statistical error
resulting in non-significant differences between patients
with and without diabetes. According to a sample size
calculation based on the primary endpoint (TVR), 1543
patients would be required for an adequately powered
study, but only 540 patients were enrolled in this study.
Compared to previous studies comparing the results
of atherectomy between patients with and without
diabetes, the number of patients was greater than that
of all but one other study." ' Larger, fully powered
studies are needed prospective studies are needed. A
favorable feature of the study is that it was multicenter,
but there was no standardized protocol for the use
of RA, which was conducted at the discretion of the
physician. Although the rate of diabetes in our data
was higher than in previous studies, data from a recent
Japanese registry reported that diabetes was 57% to
60% in RA patients.?*?’ Also, RA was performed on
relatively simple lesions in only 3 patients.In addition,

original article

Table 2. Baseline angiographic and procedural characteristics (n=540).

Diabetes No diabetes P value
(n=305) (n=235)
Lesion classification
A 3(0.9) 0
B1 19 (5.7) 11 (4.4)
.379
B2 26 (7.8) 23(9.2)
C 284 (85.5) 217 (86.5)
Multivessel disease 251 (82.3) 173 (73.6) .015
Approach
Trans-radial 132 (43.3) 116 (49.4)
160
Trans-femoral 173 (56.7) 119 (50.6)
Preprocedural lesion
length (mm) 32.9 (14.5) 30.9 (15.5) .694
Preprocedural
proximal reference 2.5(0.4) 2.8(1.2) 318
diameter (mm)
Preprocedural distal
reference diameter 2.2(0.7) 1.9 (0.8) 255
(mm)
Preprocedural
minimum lumen 0.9 (0.3) 0.8 (0.5) .365
diameter (mm)
Preprocedural 83.1(11.9) 89.8 (15.8) 486
stenosis (%) ’ : ’ ’ :
Stent type
Balloon angioplasty 11 (3.3) 6(2.4)
Drug eluting balloon 11 (3.3) 5(2.0)
1st generation drug .440
eluting stent 0(0.0) 10.4)
2nd.generation drug 310 (93.4) 239 (95.2)
eluting stent
Mean stent diameter 3.0 (0.4) 3.0 (0.4) 619
(mm)
Total number of stents 2.3(1.2) 2.3(1.1) 759
Total stent length (mm) 67.5 (36.1) 65.6 (31.7) 560
Final balloon diameters 2.3 (0.5) 2.4(0.6) 113
(mm)
Final balloon
atmosphere (atm) 15.6 (4.1) 15.6 (4.3) .895
Final size of burr (mm) 1.5(0.2) 1.5(0.2) 772
Initial size of burr (mm) 1.4 (0.2) 1.4(0.2) .843
Intravascular ultrasound 135 (44.3) 114 (48.5) 326

Data are expressed as mean (standard deviation) or number (%).
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Table 3. Complications (n=540).

Diabetes No diabetes P value
(n=305) (n=235) u
Procedure success 296 (97.1) 224 (95.3) .291
Complication
Dissection type
A 1(0.3) 0(0.0)
B 10 (3.3) 2(0.9)
C 5(1.6) 8 (3.4) .301
D 10 (3.3) 6(2.6)
F 1(0.3) 0(0.0)
Perforation 4(1.3) 6(2.6) 344
Slow flow/No
reflow
Slow flow 8 (2.4) 10 (4.0)
.550
No reflow 5(1.5) 4(1.6)
Temporary 113.6) 52.1) 315
pacemaker
Periprocedural 20 (6.6) 25 (10.6) 089
myocardial infarction ’ ’ :
In-hospital bleeding 16 (5.3) 11 4.7) 765

Data are expressed as number (%).
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the follow-up period was relatively short to generalize
any clinical outcomes. Despite these limitations, the
present results emphasize the impact of diabetes on the
clinical outcomes including angiographic complication
in patients with CAD requiring RA based on data from
a multicenter registry.

In conclusion, patients with diabetes have 30-
day and 18-month clinical outcomes comparable to
patients without diabetes who have severe calcified
coronary lesions requiring RA despite having more
comorbidities and adverse factors. RA represents a
safe and effective procedure for patients with diabetes
with severe calcified coronary lesions. Further long-
term prospective research is needed to determine the
proper revascularization treatment for patients with
diabetes with severe calcified coronary lesions.
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Table 4. 30-day and 18-month clinical events by multivariate Cox hazard regression model.

Diabetes No diabetes Univariate Multivariate
(n=305) (n=235) P value hazard ratio P value hazard ratio P value
8 B (95% ClI) (95% ClI)
30 days
) 0.636 0.595
Target vessel failure 5(1.6) 6 (2.6) .545 (0.194-2.084) .455 (0.154-2.300) 451
1.346 1.502
All cause death 7 (2.3) 4(1.7) .763 (0.394-4.597) .636 (0.370-6.094) 569
. 1.276 1.108
Cardiac death 5(1.6) 3(1.3) .999 (0.305-5.338) 739 (0.209-5.882) .904
L . 0.385 0.272 (0.002-
Myocardial infarction 1(0.3) 2(0.9) .583 (0.035-4.242) 435 32.999) .595
Target vessel
myocardial infarction g 2009 ol ) ) ) )
Target ves'sel ' 0(0.0) 2(0.9) 189 ) : ) _
revascularlzatlon
Stent thrombosis 0 (0.0) 3(1.3) .082 - = - =
Stroke 2(0.7) 0(0.0) .507 - - - -
. 1.035 0.776
Any bleeding 4(1.3) 3(1.3) .999 (0.232-4.625) 964 (0.133-4.536) 778
18 months
Target vessel failure 38 (12.5) 21(8.9) 193 08600515 152 07859482) 260
All cause death 16(5.3) 12(5.1) 942 0.5099.243) 876 04692 362) 902
Cardiac death 12 (3.9) 8(3.9) 746 0.4872916) 701 04553 424) 668
Myocardial infarction 7(2.3) 7 3.0) 620 o T o 668 o 12;?5_?0803) 289
Target vessel 0.593 0.253
myocardial infarction S(Y 40.7) A1/ (0.133-2.652) ok (0.030-2.163) A0
Target vessel 1.656 1.592
revascularization Ao 2 136.5) A (0.851-3.222) A2 (0.770-3.292) 210
2.392
Stent thrombosis 3(1.0) 1(0.4) 636 (0.249- 450 30 fgg)gb‘ 392
22.998) :
0.606 0.415
Stroke 3(1.0) 4(1.7) 475 (0.136-2.710) .513 (0.077-2.226) .305
. 1.070 0.968
Any bleeding 12 (3.9) 9(3.8) .950 (0.451-2.540) .877 (0.368-2.549) .948

Multivariate analysis adjusted by age, sex, smoking, hypertension, dyslipidemia, chronic kidney disease, stroke, clinical diagnosis, multivessel disease, left ventricle ejection fraction,
hemoglobin, total cholesterol, low density lipoprotein cholesterol, and high density lipoprotein cholesterol.
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