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ABSTRACT

Introduction

Severely calcified coronary stenoses are difficult to treat with percutaneous coronary interventions. The
presence of severe calcifications complicates lesion preparation, advancement of stents, and achievement
of full stent expansion. Coronary intervention is associated with an increased risk of complications and
procedural failure compared with treatment of less calcified lesions. Due to the high burden of comorbidity,
patients with severely calcified lesions are often excluded from interventional trials, and there is little

specific evidence on how to treat these patients.

Methods and analysis

We will conduct a systematic review of randomized trials enrolling patients with calcified coronary artery
disease undergoing percutaneous coronary intervention. We will investigate any percutaneous treatment
option including any lesion preparation, stenting, or postdilatation technique. We will search The Cochrane
Central Register of Controlled Trials, Medical Literature Analysis and Retrieval System Online, Latin
American and Caribbean Health Sciences Literature, Science Citation Index Expanded, and Excerpta Medica
database for studies from inception to June 15, 2022. The co-primary outcome is all-cause mortality and
serious adverse events. If appropriate, we will conduct meta-analysis, Trial Sequential Analysis, and

network meta-analysis.

Ethics and dissemination

No ethics approval is required for this study. The results will be published in peer-reviewed journals in this

field.
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Systematic review registration

PROSPERO registration CRD42021226034

Keywords
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Strengths and limitations

Several percutaneous treatment options exist to treat calcified coronary lesions, but there is no

consensus regarding the optimal choice of treatment strategy. We aim to assess the beneficial and

harmful effects of all available treatment options.

e This protocol is based on the PRISMA-P guidelines and the Cochrane Handbook for Systematic
Reviews of Interventions.

e We plan to conduct meta-analysis, Trial Sequential Analysis, and network meta-analysis.

e We will assess all available interventions which may require many analyses and cause problems

with multiplicity.
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INTRODUCTION

Ischemic heart disease

Ischemic heart disease is the most common cause of death globally and accounts for 1.8 million European
deaths annually.[1,2] Ischemic heart disease is characterized by build-up of lipid containing plaques, chronic
inflammation, and hardening in the walls of coronary arteries.[3] This process, i.e. atherosclerosis, is
associated with traditional cardiovascular risk factors such as diabetes mellitus, hypertension, and
hypercholesterolemia, among others.[3] Atherosclerosis may lead to reduced coronary blood flow due to
narrowed vessels (stenosis), inadequate oxygen supply to the myocardium (ischemia), and heart attack
(infarction). Affected individuals risk of loss of cardiac function, decrease in quality of life, and ultimately

death.[3]

Calcified ischemic heart disease

Coronary calcification is a feature of late-stage atherosclerosis. Atherosclerosis is a chronic and
degenerative process that involves apoptosis of foam cells and smooth muscle cells in the arterial wall.
Early deposition of hydroxyapatite crystals, primarily in the intimal layer (microcalcification), may lead to
formation of calcified sheets and nodules that complicate coronary interventions.[4] Coronary calcification
is associated with age, presence and severity of diabetes mellitus, chronic kidney disease, among other
conditions.[4] As the number of elderly individuals is expected to increase, so does the number of elderly

with calcified ischemic heart disease.

The presence and severity of coronary calcification can be identified non-invasively by cardiac computed
tomography or invasively by coronary angiography, optical coherence tomography, or intravascular
ultrasound.[4] The degree of coronary artery calcification correlates with the severity of obstructive

coronary artery disease.[4] Moderately to severely calcified coronary stenoses are present in 17-34% of
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patients with ischemic heart disease undergoing percutaneous coronary intervention.[4—6] Patients with
severe calcifications often have multivessel disease, greater anatomical complexity (greater SYNTAX score
and number of ACC/AHA type C lesions), and a lower preprocedural TIMI grade of flow through the lesion
compared to patients with no or only mild calcifications.[7-9] The presence of moderate to severe

calcifications is a risk factor of future cardiovascular events and death.[10,11]

Coronary angiography and percutaneous coronary intervention

Coronary angiography is an invasive procedure that allows visualization and treatment of coronary
stenoses.[12] Following local anesthesia in the wrist or groin, a sheath is inserted into a peripheral
artery.[12] Through the sheath, a catheter is advanced to the coronary ostia. By injecting contrast medium
and using x-ray fluoroscopy, an angiogram is produced that visualizes the coronary arteries, stenoses, and

calcifications (dense radiopacities in the vessel wall).[4,12]

Ischemic heart disease can be treated medically primarily by reducing the myocardial demand of oxygen, or
invasively by either opening (percutaneous coronary intervention) or bypassing (coronary artery bypass
grafting) the affected vessels. Percutaneous coronary intervention with implantation of drug-eluting stents

is the most frequently used method of coronary revascularization.

Percutaneous coronary intervention is usually carried out in three steps. First, after passing a thin and
flexible wire through the catheter into the coronary artery, a balloon is inserted over the wire and inflated
in the lesion (the process of lesion preparation or predilatation).[12] The purpose of lesion preparation is to
prepare the lesion for placement and expansion of a sufficiently sized stent by causing controlled dissection
and disruption of the lesion. Second, a stent mounted on a balloon is inserted over the wire and expanded
in the lesion to prevent recoil, acute blockage, and future stenosis (stenting). Third, the stent may be
further expanded with additional inflations to ensure optimal stent expansion to reduce the risk of future

restenosis (postdilatation).[12]
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Percutaneous coronary intervention in calcified lesions

Calcifications complicate all aspects of interventional treatment and constitute one of the most common
types of complex lesions in patients undergoing percutaneous coronary intervention.[7] Percutaneous
intervention of calcified lesions has a higher risk of short- and long-term complications (coronary
perforation, in-stent thrombosis, restenosis, and death) and a lower procedural success rate (e.g.
incomplete revascularization and suboptimal stent expansion) compared to percutaneous treatment of

non-calcified lesions.[9]

Lesion preparation in severely calcified lesions with conventional techniques is often ineffective. It can be
difficult to advance catheters, balloons, or stents through segments of rigid calcifications with irregular
geometry.[13] Expansion of a balloon will often be directed towards the most compliant part of the vessel
wall which may be non-calcified. Furthermore, advancing a stent through a calcified segment may cause
damage to the stent surface and reduce the drug-eluting capability.[14] Consequently, suboptimal lesion
preparation and underexpansion of stents are predictors of stent thrombosis and long-term
restenosis.[15,16] Lastly, the use of high inflation pressures sometimes necessary for calcified lesions may

cause vessel rupture due to sharp calcified edges.[17]

In addition to conventional techniques, several specialized lesion preparation techniques are available to
optimize lesion preparation and stent expansion in calcified stenoses. 1) Rotational atherectomy utilizes a
catheter with a rotating diamond-burr, which is advanced through the calcified segment to pulverize the
superficial calcification.[18] 2) Orbital atherectomy utilizes a catheter with an eccentrically mounted
diamond-coated crown that rotates and pulverizes the superficial calcification.[18] Potential complications
of rotational and orbital atherectomy include coronary perforation, dissection and embolization of debris
with risks of myocardial infarction or slow-flow/no-reflow phenonema).[18] Atherectomy is affected by

guidewire bias, which limits optimal modification of the calcification.[19] 3) Cutting or scoring balloons
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(modified balloons) have superficially mounted blades or wires, respectively, that create indents and more
controlled dissections in the plaque and calcification during inflation.[18] By creating indents and
dissections in the calcified intimal layer, the balloons expand in a focused location at less inflation pressure
at a lower risk of asymmetric expansion.[20] A limitation of modified balloons is the restricted flexibility of
the balloons through calcified segments. 4) Non-compliant high pressure balloons are double layered and
may deliver the very high pressure required for dilatation of severely calcified lesions, but at a risk of
rupture due to mechanical trauma.[18] 5) Excimer laser is a technique that delivers gases and generate
pulses of ultraviolet light that leads to ablation of the calcification. In severely calcified lesions, this
technique has been shown effective in otherwise uncrossable lesions, but at a risk of perforation and slow-
flow/no-reflow phenomena.[21] 6) Balloon lithoplasty is a technique that delivers high-frequency pressure
waves from a balloon inflated in the lesion at low pressure.[19] The pressure waves propagate through the
vessel wall to fracture calcification. In severely calcified lesions, this technique has been shown effective

and safe.[19]

No stent has been specifically designed for placement in calcified lesions. However, preliminary studies
have indicated that second-generation drug-eluting stents are superior to first generation drug-eluting

stents in calcified lesions.[8]

Why is it important to do this review?

A wide range of treatment techniques are available to treat severely calcified lesions, but there is no
consensus regarding the optimal choice in terms of efficacy or safety. Patients with calcified lesions
compared to patients without calcifications are more often elderly or have complex lesions, diabetes, or

chronic kidney disease.[4] For these reasons, patients with calcified lesions are often excluded from
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controlled studies and there is little evidence on how to treat these patients. Treatment algorithms have

been proposed, but they have not been validated nor implemented internationally.[18,22,23]

Several reviews on percutaneous coronary intervention techniques on calcified lesions have been
published. These reviews are limited due to their use of non-systematic searches, inclusion of non-
randomized studies, non-adherence to PRISMA guidelines, and focus on only few selected treatment
options (Table 1). A preliminary search identified four randomized trials on calcified lesions that compare
atherectomy versus no atherectomy,[24] atherectomy versus cutting or scoring balloons,[25] non-
compliant high pressure balloons versus scoring balloons,[26] and paclitaxel-eluting stent versus bare-metal

stent.[5]

Effective lesion preparation and stenting is considered a vital predictor of short- and long-term outcomes
following percutaneous coronary intervention. So far, no systematic review has comprehensively examined

all available percutaneous treatment options in patients with calcified coronary stenoses.
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Objective

The objective of this review is to assess the beneficial and harmful effects of all percutaneous treatment

options to treat calcified coronary lesions.

METHODS AND ANALYSES

The protocol is registered at PROSPERO (registration CRD42021226034) and the methodology is based on
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis - Protocols (PRISMA-P)

statement[27] and the Cochrane Handbook of Systematic Review of Interventions.[28]

Eligibility criteria

Study designs

Only randomized clinical trials will be included. Quasi-randomized trials and cluster randomized trials will

not be included.

Participants and coronary lesions

We will include trials involving participants undergoing percutaneous coronary intervention on any native
coronary artery de-novo stenosis due to ST-segment elevation myocardial infarction (STEMI), non-STEMI,
unstable angina, or chronic coronary artery disease. Participants must be enrolled in the trial based on

grading of the severity of coronary calcification or the trial must report prespecified subgroup analyses

10
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based on the severity of lesion calcification. Any definition of the severity of calcification is accepted, but

severity must correspond to moderate or severe to be eligible.

Interventions

Any method of performing percutaneous coronary intervention on a calcified coronary lesion, including any
specific predilatation, stenting, or postdilatation technique will be included. For the control group, any
relevant comparison (any head-to-head comparison with another method, usual care, or no intervention)
will be eligible. Any cointervention is accepted if it is planned to be applied similarly across intervention

groups.

Outcomes

Primary outcome

1. All-cause mortality.

2. Proportion of participants with one or more serious adverse events. We will use the ‘International
Conference on Harmonization of technical requirements for registration of pharmaceuticals for
human use - Good Clinical Practice’ (ICH-GCP) definition of a serious adverse event, which is any
untoward medical occurrence that resulted in death, was life-threatening, required hospitalization
or prolonging of existing hospitalization, and resulted in persistent or significant disability or
jeopardized the participant.[29] If the trialists do not use this definition, we will include the data if
the trialists use the term “serious adverse event.” If the trialists do not use the ICH-GCP definition
nor the term serious adverse event, then we will also include the data if the event clearly fulfills the

ICH-GCP definition. We will secondly assess each type of serious adverse event separately.

11
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Secondary outcomes

Patient-oriented:

1. Myocardial infarction (as defined by trialists).

2. Stroke (as defined by trialists).

3. Health-related quality of life (any validated continuous scale).

4. Proportion of participants with one or more non-serious adverse events (any adverse event not
classified as serious). We will exploratorily assess each adverse event separately.

5. Coronary angiography.

Device-oriented:

1. Target vessel myocardial infarction.

2. Target vessel revascularization.

Exploratory outcomes

1. Any coronary revascularization.

2. In-stent restenosis (as defined by trialists).

3. Cardiovascular mortality (as defined by trialists).

4. Any physiological or imaging-derived measurement of improved myocardial perfusion after
intervention.

5. Proportion of participants with failed or no stenting.

6. Use of bailout atherectomy, stent delivery, successful device crossing, study group cross over,
study-defined procedural success.

7. Procedure duration, fluoroscopy time, contrast dose.
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Assessment time points

We will assess outcomes at maximum follow-up.

Search strategy

One review author (ATK) will search Cochrane Central Register of Controlled Trials (CENTRAL), Medical
Literature Analysis and Retrieval System Online (MEDLINE), Latin American and Caribbean Health Sciences
Literature (LILACS), Science Citation Index Expanded (SCI-EXPANDED), and Excerpta Medica database
(EMBASE) from inception to present. No restrictions based on language or year of publication will be
applied. The search will be supplemented by manually screening the reference lists of included trials. The

search strategy can be found in supplemental file 1.

Data collection

The review will be reported as recommended by the Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA) statement.[30]

Selection of studies

Two review authors (ATK and NTO) will independently screen search results based initially on title and
abstract, then based on full-text review and provide reasons for exclusion of ineligible studies.

Disagreements will be resolved through discussion, or by consulting a third person (JCJ).

Data extraction

13
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Two review authors (ATK and NTO) will independently extract data from included trials. The reviewers will
assess duplicate publications and companion papers of a trial together to evaluate all available data

simultaneously.

From each trial, the following will be extracted: type of intervention, severity of calcification, trial design
(parallel, factorial, or crossover), number of experimental groups, length of follow-up, number of
randomized participants, number of participants (analyzed, lost to follow-up, withdrawn, or crossover),
outcome data (only data from last follow-up time), types of comorbidities, age range, sex ratio, and risk of

bias domains (see below).

Assessment of risk of bias

Risk of bias will be evaluated by the Cochrane Risk of Bias tool (version 2) using five bias domains, each
classified as either low risk of bias, some concerns, or high risk of bias.[31] Bias assessment will be

conducted on an outcome level.

1: Bias arising from the randomization process

Low risk of bias: Adequately concealed allocation and absence of baseline imbalances between groups, and
random or unpredictable method to generate the allocation sequence. Some concerns: 1) Adequately
concealed allocation and a problem with the method of sequence generation or baseline imbalances that
suggest a problematic randomization process, or 2) if no information is provided about concealment of
allocation and baseline imbalances appear to be compatible with chance, or 3) if no information to answer

any of the signaling questions. High risk of bias: 1) Allocation sequence not adequately concealed, or 2)

14
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there is no information about concealment of the allocation sequence and baseline imbalances that

suggest a problem with the randomization process.

2: Bias due to deviation from intended interventions

Low risk of bias: 1) If participants, carers, and people delivering the interventions were unaware of
randomization groups during the trial, or 2) aware of intervention groups during the trial but deviations
from the intended was usual practice, or unlikely to impact the outcome and no participants were analyzed
in a group that the participant was not assigned to. Some concerns: Participants, carers, and people were
aware of intervention groups and 1) there was no information on whether there were deviations from the
intended interventions, or 2) there were deviations from the interventions but the deviations were not
likely to have affected outcome, or were balanced between the groups. High risk of bias: Participants,
carers or people were aware of the intervention groups during the trial and there were deviations from the
intended interventions that were unbalanced between the groups and likely to have affected the outcome,
or some participants were analyzed in the wrong intervention group, and there was potential for

substantial impact on the estimated effect size.

3: Bias due to missing outcome data

Low risk of bias: Data were available for all, or nearly all randomized participants or there is evidence that
the result was not biased by missing data or that missingness in the outcome could not depend on its true
value. Some concerns: An unclear degree of missing data and there is no evidence that the effect estimate
is robust to missing data. High risk of bias: High degree of missing data, differential missing data, and no

evidence that the effect estimate is robust to missing data.
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4: Bias in measurement of outcomes

Low risk of bias: Outcome assessors were unaware of the intervention received by study participants, or
aware but were unlikely to be influenced by this knowledge. Some concerns: No information available to
determine if the outcome is likely influenced by knowledge of the intervention received. High risk of bias:

The outcome assessment was likely to be influenced by knowledge of the intervention received.

5: Bias arising from selective reporting of results

Low risk of bias: Reported outcome data was unlikely to have been selected on the basis on the results
from multiple outcome measurements. Some concern: Insufficient information available to rule out the
possibility of selective outcome reporting on the basis of the results from multiple outcome measurements.
High risk of bias: Reported data is likely to have been selected on the basis of the results from multiple

outcome measurements or analyses.

Overall assessment of risk of bias

Low risk of bias: If the study is judged as low risk across all domains. High risk of bias: If the study is judged
as some concerns or high risk of bias in at least one domain. If a trial is sponsored by the industry and or if
just one author has affiliation to the industry, the publication will be judged as having some concern or high

risk of for-profit bias. The domains 3, 4, and 5 will be assessed for each outcome result.

Differences between the protocol and review

The review will be conducted according to this published protocol and any deviations from the protocol and

their reasons will be stated in the review.
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Measurement of treatment effect

Continuous outcomes

Mean differences with 95% confidence intervals (Cl) and Trial Sequential Analysis adjusted 95% Cl will be

calculated.

Dichotomous outcomes

Risk ratios (RRs) with 95% Cl and Trial Sequential Analysis adjusted 95% Cl will be calculated.

Dealing with missing data

Trialists will be contacted to obtain relevant missing data.

Assessment of heterogeneity

Signs of heterogeneity will primarily be assessed by forest plots, and secondly by the I statistic[31-33] and
the restricted maximum likelihood method.[34,35] It may be decided that meta-analysis is inappropriate if

heterogeneity is high.

Data synthesis

Results of each type of intervention will be analyzed separately based on intention-to-treat data. Rstudio

and Stata version 16 (StataCorp LLC, College Station, TX, USA) will be used for analyses.
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Meta-analysis

Meta-analysis will be conducted according to the Cochrane Handbook of Systematic Reviews of
Interventions,[31] Keus et al.,[36] and Jakobsen et al.[37] and supplemented by Trial Sequential Analysis.
Intervention effects will be analyzed with both a random-effects and fixed-effect meta-analysis for each
comparison. The estimate with the highest p value will be primarily used. Because we assess two primary

outcomes, we will consider a p value of 0.03 or less as statistically significant.[37]

Trial Sequential Analysis

Trial Sequential Analysis is a test of the statistical reliability of data in meta-analyses. Trial Sequential
Analysis adjusts significance levels for sparse data and controls the risk of both type | and type Il errors due
to accumulating data.[38] Trial Sequential Analysis will be performed on all outcomes to calculate the
required information size (humber of participants required in the meta-analysis to confirm or reject a given
intervention effect) and the cumulative Z-curve’s breach of relevant trial sequential monitoring
boundaries.[38,39] For dichotomous outcomes, the required information size will be calculated based on
the observed proportion of patients with an outcome in the control group, a relative risk reduction or
increase of 20% or 10%, an alpha of 2% for all outcomes, a beta of 10%, and the observed diversity as
suggested by the trials in the meta-analysis. For continuous outcomes, the information size will be
calculated based on the observed standard deviation (SD), a mean difference equal to the observed SD/2,
an alpha of 2% for all outcomes, a beta of 10%, and the observed diversity as suggested by the trials in the

meta-analysis.

Network meta-analysis
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The synthesis comparator consists of all the interventions listed in Eligibility Criteria section, as well as
placebo, standard care, no intervention, or “active placebo” trials. Interventions will be analyzed separately
and not grouped. The characteristics of the trials and their populations will be described by frequencies and
percentages for dichotomous data and means with SD for continuous data. Descriptive statistics for each
treatment comparison will be generated describing important clinical and methodological characteristics.
Each outcome dataset will be presented in a separate network diagram, where the size of the nodes is
proportional to the total number of participants, and the width of each line corresponds to the number of
studies comparing the connected treatments. Furthermore, the connecting lines will be marked according
to the average risk of bias per treatment comparison, using green for low, yellow for moderate, and red for
high risk of bias. It is assumed that any participant who meets inclusion criteria is equally likely to be
randomized to each intervention in the comparator set. The analyses will be conducted using with Stata

under frequentist framework (command: mvmeta).[40]

Network meta-analysis will only be conducted if a connected network of trials can be constructed. If
conducted, the assumptions of transitivity and consistency will be assessed prior to analysis. The
assumptions will be assessed in five steps. First, a network geometry will be drawn to review the network
relationship. Second, the transitivity assumption across treatment comparisons will be assessed using
boxplots. The assumption of consistency will be evaluated using the design-by-treatment interaction model
as a global test.[41,42] Third, a network forest or interval plot is made to illustrate the summary effect size
of the comparative effectiveness of the interventions. Fourth, is to calculate the cumulative rankings to
identify a superiority among interventions. Fifth, is to evaluate publication bias or effect modifiers for a
valid inference from results. Effects estimates will be reported using relevant effect size (RR, MD, or SMD),

a 95% Cl, and a 95% prediction interval.

Planned subgroup analyses
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For trials comparing stent types, the following categories will be applied: a) Bare metal stents, b) first

generation drug-eluting stents, and c) later-generation drug-eluting stents.

Summary of findings table

For each prespecified outcome a summary of findings table will be created. The five GRADE considerations
(bias risk, consistency of the effect, imprecision, indirectness, and publication bias) will be used to assess
the certainty of the evidence.[43] Imprecision will be assessed using Trial Sequential Analysis. All

downgrading of the certainty of the evidence will be justified in writing.

Patient and Public Involvement statement

Patients were not directly involved in the planning of this study.

DISCUSSION

Coronary calcifications complicate all aspects of percutaneous coronary intervention and is a risk factor of
short- and long-term complications.[7,9] Several treatment options exist, but there is no consensus
regarding the optimal choice of treatment strategy. This systematic review with meta-analysis, Trial
Sequential Analysis, and network meta-analysis aims to assess the beneficial and harmful effects of all

percutaneous treatment options in the treatment of calcified coronary lesions.

This protocol has several methodological strengths. First, the methodology is predefined and based on the
PRISMA guidelines[27] and the Cochrane Handbook for Systematic Reviews of Interventions.[31] Second,
risk of bias will be assessed, and significance thresholds will be adjusted to control for random and

systematic errors. The primary limitation of the review is the combined assessment of all available

20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 21 of 33 BMJ Open

407

408

oNOYTULT D WN =

409

410

15211

412

interventions, which may require many analyses and cause problems with multiplicity. The results of the

review will be interpreted considering this increased risk of type 1 errors.

ETHICS AND DISSEMINATION

No ethics approval is required for this study. The results of this study will be published in peer-reviewed

academic journals in this field.
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Search strategies for
Percutaneous coronary intervention in calcified stenoses
(Andreas Torp Kristensen)
Preliminary searches prepared 8 April 2022

Cochrane Central Register of Controlled Trials (latest issue) in the Cochrane Library

#1 MeSH descriptor: [Coronary Artery Disease] explode all trees

#2 MeSH descriptor: [Myocardial Infarction] explode all trees

#3 MeSH descriptor: [Coronary Stenosis] explode all trees

#4 (coronar* or myocardicalinfarct* orangina or arteriosclero* or STEMI or (left nextmain) or stenos* or

ischemic heart disease*)
#5 #lor#2 or#3 or#4

#6 MeSH descriptor: [Calcinosis] this term only
#7 MeSH descriptor: [Vascular Calcification] explode all trees
#8 (calcif* or calcinos*)

#9 #6 or #7 or #8

#10 MeSH descriptor: [Coronary Angiography] explode all trees

#11 MeSH descriptor: [Percutaneous Coronary Intervention] explode all trees

#12 MeSH descriptor: [Angioplasty, Balloon, Coronary]explode all trees

#13 MeSH descriptor: [Atherectomy, Coronary]explode all trees

#14 (angiogra™ or arterygra* or coronarygra* or percutaneous coronary intervention or lesion preparation or
predilat* or postdilat* or stent* or angioplast* or atherectom* orballoon*)

#15 #10or #11lor #12or#13 or#14

#16 #5and#9and#14

MEDLINE Ovid (1946 to the date of the search)

1. exp Coronary Artery Disease/

2. exp Myocardial Infarction/

3. exp Coronary Stenosis/

4, (coronar* or myocardicalinfarct* orangina or arteriosclero* or STEMI or (left adj main) or stenos* or ischemic

heart disease*).mp. [mp=title, abstract, original title, name of substance word, subject headingword, floating sub-
heading word, keyword headingword, organism supplementary concept word, protocol supplementary concept word,
rare disease supplementary conceptword, unique identifier, synonyms]

5. lor2or3or4

6. Calcinosis/

7. exp Vascular Calcification/

8. (calcif* or calcinos*).mp. [mp=title, abstract, original title, name of substance word, subject heading word,

floating sub-headingword, keyword heading word, organism supplementary conceptword, protocol supplementary
conceptword, rare disease supplementary concept word, unique identifier, synonyms]

9. 6or7or8

10. exp Coronary Angiography/

11. exp Percutaneous Coronary Intervention/

12. exp Angioplasty, Balloon, Coronary/

13. exp Atherectomy, Coronary/

14. (angiogra™ or arterygra™ or coronarygra* or percutaneous coronary intervention or lesion preparation or

predilat* or postdilat* or stent* or angioplast* or atherectom* orballoon*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-headingword, keyword headingword, organism supplementary
conceptword, protocol supplementary concept word, rare disease supplementary concept word, unigue identifier,
synonyms]

15. 10orllorl2orl3orl4

16. 5and9and 14

17. (randomized controlled trial or controlled clinical trial or retracted publication or retraction of publication).pt. or
clinical trials astopic.sh. or trial.ti.
18. (random* or blind* or placebo*).mp. [mp-=title, abstract, original title, name of substance word, subject heading

word, floating sub-headingword, keyword headingword, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
19. 16 and (17 or 18)

Embase Ovid (1974 to the date of the search)
1. exp coronary artery disease/
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2. exp heartinfarction/

3. (coronar* or myocardicalinfarct* orangina or arteriosclero* or STEMI or (left adj main) or stenos* or ischemic
heart disease*).mp. [mp=title, abstract, headingword, drug trade name, original title, device manufacturer,drug
manufacturer, device trade name, keyword heading word, floating subheadingword, candidate term word]

4, lor2or3

5. exp calcification/

6. exp cardiovascular calcification/

7. (calcif* or calcinos*).mp. [mp=title, abstract, headingword, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheadingword, candidate term
word]

8. 5or6or7

9. exp coronary angiography/

10. exp percutaneous coronary intervention/

11. exp percutaneoustransluminalangioplasty/

12. exp coronary atherectomy/

13. exp coronary artery surgery/

14. (angiogra™ or arterygra™ or coronarygra* or percutaneous coronary intervention or lesion preparation or

predilat* or postdilat* or stent* or angioplast* or atherectom* orballoon*).mp. [mp=title, abstract, headingword, drug
trade name, original title, device manufacturer,drug manufacturer, device trade name, keyword hea ding word, floating
subheadingword, candidate term word]

15. 9orl0orllorl2ori3orl4

16. 4and8and 15

17. Randomized controlled trial/ or Controlled clinical trial/ or retracted article/ or (erratum or tombstone).pt. or
trial.ti. oryes.nr.

18. (random™* or blind* or placebo*).mp.[mp=title, abstract, headingword, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheadingword, candidate term
word]

19. 16 and (17 or 18)

LILACS (Bireme; 1982 to the date of the search)

(coronar$ or myocardicalinfarct$ orangina or arteriosclero$ or STEMI or left main or stenos$ or ischemic heart
disease$) [Words] and (calcif$ or calcinos$) [Words] and (angiogra$ or arterygra$ or coronarygra $ orpercutaneous
coronary intervention or lesion preparation or predilat$ or postdilat$ or stent$ or angioplast$ or atherectom$ orba lloon$)

[Words]

Science Citation Index Expanded (1900 to the date of the search) and Conference Proceedings Citation Index —
Science (1990 to the date of the search) (Web of Science)

#6 #4 AND #5

#5 Tl=(random™* orblind* or placebo* or trial*) OR TS=(random™* or blind* or placebo*)

#4 #3 AND #2 AND #1

#3 TS=(angiogra* or arterygra* or coronarygra*® or percutaneous coronary intervention or lesion preparation or predilat*
or postdilat* or stent* or angioplast* or atherectom™> orballoon*)

#2 TS=(calcif* or calcinos*)

#1 TS=(coronar* or myocardicalinfarct* or angina or arteriosclero* or STEMI or left NEXT main or stenos* or ischem ic
heart disease*)
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This checklist has been adapted for use with systematic review protocol submissions to BioMed Central jgpurnals from Table 3 in Moher D et al:
Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement%Systematic Reviews 2015 4:1

laqu

An Editorial from the Editors-in-Chief of Systematic Reviews details why this checklist was adapted - MoRer D, Stewart L & Shekelle P:

Implementing PRISMA-P: recommendations for prospective authors. Systematic Reviews 2016 5:15

Section/topic

#

MmoqQ "¢e

Checklist item

Information reported Line
Yes

No number(s)
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Information reported Line

Yes

No number(s)

Provide an explicit statement of the question(s) the review will address with reference to |E |:| 170-172
L participants, interventions, comparators, and outcomes (PICO) 0
Objectives 7 ko
2
3
METHODS o
Specify the study characteristics (e.g., PICO, study design, setting, time frame) and report § |E |:| 179-196
Eligibility criteria 8 characteristics (e.g., years considered, language, publication status) to be used as criteria for™
eligibility for the review ¥
. Describe all intended information sources (e.g., electronic databases, contact with study auth&s |E |:| 224-229
Information sources 9
trial registers, or other grey literature sources) with planned dates of coverage m
Search strategy 10 Present draft of search strategy to be used for at least one electronic database, including plarg]ed |E |:| Supplemental
limits, such that it could be repeated = file 1
STUDY RECORDS i
Data management [11a |Describe the mechanism(s) that will be used to manage records and data throughout the reviéiv X [] 233-259
Selection process 11b State the process that will be used for selecting studies (e.g., two independent reviewers thrcgigh |E |:| 245-248
each phase of the review (i.e., screening, eligibility, and inclusion in meta-analysis)
Data collection 11c Describe planned method of extracting data from reports (e.g., piloting forms, done mdepend&ltly, |E |:| 255-259
process in duplicate), any processes for obtaining and confirming data from investigators 3
Data items 12 List and define all variables for which data will be sought (e.g., PICO items, funding sources), any |E |:| 198-231
pre-planned data assumptions and simplifications 3
Outcomes and 13 List and define all outcomes for which data will be sought, including prioritization of main and S |E |:| 198-231
prioritization additional outcomes, with rationale z
Risk of bias in Describe anticipated methods for assessing risk of bias of individual studies, including whethq‘jthls |E |:| 261-313
N . 14 |will be done at the outcome or study level, or both; state how this information will be used in d&ta
individual studies . o
synthesis (=}
DATA w
15a |Describe criteria under which study data will be quantitatively synthesized ; X [] 336-382
If data are appropriate for quantitative synthesis, describe planned summary measures, meth@ds |E |:| 366-382
15b |of handling data, and methods of combining data from studies, including any planned exploratipn
Synthesis of consistency (e.g., / 2, Kendall’s tau) S
15c Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, meta- S |E |:| 384-386
regression)
15d [If quantitative synthesis is not appropriate, describe the type of summary planned X [] 388-392
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ABSTRACT

Introduction

Severely calcified coronary stenoses are difficult to treat with percutaneous coronary interventions. The
presence of severe calcifications complicates lesion preparation, advancement of stents, and achievement
of full stent expansion. Intervention in these lesions is associated with an increased risk of complications
and procedural failure compared with treatment of less calcified lesions. Due to the high burden of
comorbidity, patients with severely calcified lesions are often excluded from interventional trials, and there

is little evidence on how to treat these patients.

Methods and analysis

We will conduct a systematic review of randomized trials enrolling patients with calcified coronary artery
disease undergoing percutaneous coronary intervention. We will investigate any percutaneous treatment
option including any lesion preparation, stenting, or postdilatation technique. We will search The Cochrane
Central Register of Controlled Trials, Medical Literature Analysis and Retrieval System Online, Latin
American and Caribbean Health Sciences Literature, Science Citation Index Expanded, and Excerpta Medica
database for studies from inception to September 315, 2022. The co-primary outcome is all-cause mortality
and serious adverse events. If appropriate, we will conduct meta-analysis, Trial Sequential Analysis, and

network meta-analysis.

Ethics and dissemination

No ethics approval is required for this study. The results will be published in a peer-reviewed journal in this

field.
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Systematic review registration

PROSPERO registration CRD42021226034

Keywords

Percutaneous coronary intervention, lesion preparation, vascular calcification, ischemic heart disease,

stenosis

Strengths and limitations

Several percutaneous treatment options exist to treat calcified coronary lesions. However, there is

no consensus regarding the optimal choice of treatment strategy. We aim to assess the beneficial

and harmful effects of all available treatment options.

e This protocol is based on the PRISMA-P guidelines and the Cochrane Handbook for Systematic
Reviews of Interventions.

e We plan to conduct meta-analysis, Trial Sequential Analysis, and network meta-analysis.

e We will assess all available interventions which may require many analyses and cause problems

with multiplicity.
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INTRODUCTION

Ischemic heart disease

Ischemic heart disease is the most common cause of death globally and accounts for 1.8 million European
deaths annually.[1,2] Ischemic heart disease is characterized by build-up of lipid-containing plaques,
chronic inflammation, and hardening in the walls of coronary arteries.[3] This process, i.e. atherosclerosis,
is associated with traditional cardiovascular risk factors such as diabetes mellitus, hypertension, and
hypercholesterolemia. Atherosclerosis may lead to reduced coronary blood flow due to narrowed vessels
(stenosis), inadequate oxygen supply to the myocardium (ischemia), and heart attack (infarction). Affected

individuals risk of loss of cardiac function, reduction in quality of life, and ultimately death.[3]

Calcified ischemic heart disease

Coronary calcification is a feature of late-stage atherosclerosis. Atherosclerosis is a chronic and
degenerative process that involves apoptosis of foam cells and smooth muscle cells in the arterial wall.
Early deposition of hydroxyapatite crystals, primarily in the intimal layer (microcalcification), may lead to
the formation of calcified sheets and nodules that complicate coronary interventions.[4] Coronary
calcification is associated with increasing age and presence and severity of diabetes mellitus and chronic
kidney disease, among other conditions.[4] As the number of elderly individuals is expected to increase, so
will the number of elderly individuals living with calcified ischemic heart disease. The presence of moderate

to severe calcifications is a risk factor for future cardiovascular events and death.[5,6]

The presence and severity of coronary calcification can be identified non-invasively by cardiac computed
tomography or invasively by coronary angiography, optical coherence tomography, or intravascular
ultrasound.[4] The degree of coronary artery calcification correlates with the severity of obstructive

coronary artery disease.[4] Moderately to severely calcified coronary stenoses are present in 17-34% of
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patients with ischemic heart disease undergoing percutaneous coronary intervention.[4,7,8] Patients with
severe calcifications often have multivessel disease, greater anatomical complexity (greater SYNTAX score
and number of ACC/AHA type C lesions), and a lower preprocedural flow through the lesion compared to

patients with no or only mild calcifications.[9-11]

Coronary angiography and percutaneous coronary intervention

Coronary angiography is an invasive procedure that allows visualization and treatment of coronary
stenoses.[12] Following local anesthesia in the wrist or groin, a sheath is inserted into a peripheral
artery.[12] Through the sheath, a catheter is advanced to the coronary ostia. By injecting a contrast
medium and using x-ray fluoroscopy, an angiogram is produced that visualizes the coronary arteries,

stenoses, and calcifications (radiopacities in the vessel wall).[4,12]

Ischemic heart disease can be treated medically primarily by reducing the myocardial demand for oxygen or
invasively by dilating (percutaneous coronary intervention) or bypassing (coronary artery bypass grafting)
the affected vessels. Percutaneous coronary intervention with implantation of drug-eluting stents is the

most frequently used method of coronary revascularization.

Percutaneous coronary intervention is usually carried out in three steps. First, after passing a thin and
flexible wire through the catheter into the coronary artery, a balloon is inserted over the wire and inflated
in the lesion (the process of lesion preparation or predilatation).[12] The purpose of lesion preparation is to
prepare the lesion for placement and expansion of a sufficiently sized stent by causing controlled dissection
and disruption of the lesion. Second, a stent mounted on a balloon is inserted over the wire and expanded
in the lesion to prevent recoil, acute blockage, and future stenosis (stenting). Third, the stent may be
further expanded with additional inflations to ensure optimal stent expansion to reduce the risk of

restenosis (postdilatation).[12]
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Percutaneous coronary intervention in calcified lesions

Calcifications complicate all aspects of interventional treatment and constitute one of the most common
types of complex lesions in patients undergoing percutaneous coronary intervention.[9] Percutaneous
intervention of calcified lesions has a higher risk of short- and long-term complications (coronary
perforation, in-stent thrombosis, restenosis, and death) and a lower procedural success rate (e.g.
incomplete revascularization and suboptimal stent expansion) compared to treatment of non-calcified

lesions.[11]

Lesion preparation in severely calcified lesions with conventional techniques is often ineffective. It can be
difficult to advance catheters, balloons, or stents through segments of rigid calcifications with irregular
geometry.[13] Expansion of a balloon will often be directed towards the most compliant part of the vessel
wall which may be non-calcified. Furthermore, advancing a stent through a calcified segment may cause
damage to the stent surface and reduce the drug-eluting capability.[14] Consequently, suboptimal lesion
preparation and underexpansion of stents are predictors of stent thrombosis and long-term
restenosis.[15,16] Lastly, the use of high inflation pressures sometimes necessary for calcified lesions may

cause vessel rupture due to sharp calcified edges.[17]

In addition to conventional techniques, several specialized techniques are available to optimize lesion
preparation and stent expansion in calcified stenoses. 1) Rotational atherectomy utilizes a catheter with a
rotating diamond-burr, which is advanced through the calcified segment to pulverize the superficial
calcification.[18] 2) Orbital atherectomy utilizes a catheter with an eccentrically mounted diamond-coated
crown that rotates and pulverizes the superficial calcification.[18] Potential complications of rotational and
orbital atherectomy include coronary perforation, dissection, and embolization of debris with risks of
myocardial infarction or slow-flow/no-reflow phenomena.[18] Atherectomy is affected by guidewire bias,

which limits optimal modification of the calcification.[19] 3) Cutting or scoring balloons (modified balloons)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 31


http://bmjopen.bmj.com/

Page 7 of 31 BMJ Open

oNOYTULT D WN =

22 134
135

57 136

28
29 137
30
31
32 138
33
34
35 139
36
37 140
38
39 141
40
41
42 142
43
44
45 143
46
47
48 144
49
50 145
51
52
o3 146
54
55 147
56
57 148
58

59 149
60

have superficially mounted blades or wires, respectively, that create indents and more controlled
dissections in the plaque and calcification during inflation.[18] By creating indents and dissections, the
balloons expand in a focused location at less inflation pressure at a lower risk of asymmetric expansion.[20]
A limitation of modified balloons is the restricted flexibility of the balloons through calcified segments. 4)
Non-compliant high-pressure balloons are double layered and may deliver the very high pressure required
for dilatation of severely calcified lesions, but at a risk of rupture due to mechanical trauma.[18] 5) Excimer
laser is a technique that delivers gases and generates pulses of ultraviolet light that lead to ablation of the
calcification. In severely calcified lesions, this technique has been shown effective in otherwise uncrossable
lesions, but at a risk of perforation and slow-flow/no-reflow phenomena.[21] 6) Balloon lithoplasty is a
technique that delivers high-frequency pressure waves from a balloon inflated in the lesion at low
pressure.[19] The pressure waves propagate through the vessel wall to fracture the calcification. In

severely calcified lesions, this technique has been shown effective and safe.[19]

No stent has been specifically designed for placement in calcified lesions. However, preliminary studies
have indicated that second-generation drug-eluting stents are superior to first-generation drug-eluting

stents in calcified lesions.[10]

Why is it important to do this review?

A wide range of treatment techniques are available to treat severely calcified lesions, but there is no
consensus regarding the optimal choice in terms of efficacy or safety. Patients with calcified lesions
compared to patients without calcifications are more often elderly or have complex lesions, diabetes
mellitus, or chronic kidney disease.[4] For these reasons, patients with calcified lesions are often excluded
from controlled studies and there is little evidence on how to treat these patients. Treatment algorithms

have been proposed, but they have not been validated nor implemented internationally.[18,22,23]
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Several reviews on percutaneous coronary intervention techniques on calcified lesions have been
published. These reviews are limited due to their use of non-systematic searches, inclusion of non-
randomized studies, non-adherence to PRISMA guidelines, or focus on only a few selected treatment
options (Table 1). A preliminary search identified four randomized trials on calcified lesions that compare
atherectomy versus no atherectomy,[24] atherectomy versus cutting or scoring balloons,[25] non-
compliant high-pressure balloons versus scoring balloons,[26] and paclitaxel-eluting stent versus bare-

metal stent.[7]

Effective lesion preparation and stenting are considered vital predictors of short- and long-term outcomes
following percutaneous coronary intervention. So far, no systematic review has comprehensively examined

all available percutaneous treatment options in patients with calcified coronary stenoses.
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Objective

The objective of this review is to assess the beneficial and harmful effects of all percutaneous treatment

options to treat calcified coronary lesions.

METHODS AND ANALYSES

The protocol is registered at PROSPERO (registration CRD42021226034) and the methodology is based on
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis - Protocols (PRISMA-P)
statement[36] and the Cochrane Handbook of Systematic Review of Interventions.[37] We plan to conduct

the searches and analyses and to write the manuscript from September 2022 to November 2022.

Eligibility criteria

Study designs

Only randomized clinical trials will be included. Quasi-randomized trials and cluster randomized trials will

not be included.

Participants and coronary lesions

We will include trials involving participants undergoing percutaneous coronary intervention on any native
coronary artery de-novo stenosis due to ST-segment elevation myocardial infarction (STEMI), non-STEMI,
unstable angina, or chronic coronary artery disease. Participants must be enrolled in the trial based on

grading of the severity of coronary calcification or the trial must report prespecified subgroup analyses

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 11 of 31 BMJ Open

184

oNOYTULT D WN =

20 190

22 191
23
24192
25
26
27 193
28
29
30 194
31
32
33 195
34
35
36 196
37

38 197
39

40 198
41

42
43 199
44
45 200
46
47 201
48
49 202
50
51
52
53
54 204
55
56 205
57
58

59 206
60

203

based on the severity of lesion calcification. Any definition of the severity of calcification is accepted, but

severity must correspond to moderate or severe to be eligible.

Interventions

Any method of performing percutaneous coronary intervention on a calcified coronary lesion, including any
specific predilatation, stenting, or postdilatation technique will be included. For the control group, any
relevant comparison (any head-to-head comparison with another method, usual care, or no intervention)
will be eligible. Any cointervention is accepted if it is planned to be applied similarly across intervention

groups.

Outcomes

Primary outcome

1. All-cause mortality.

2. Proportion of participants with one or more serious adverse events. We will use the ‘International
Conference on Harmonization of technical requirements for registration of pharmaceuticals for
human use - Good Clinical Practice’ (ICH-GCP) definition of a serious adverse event, which is any
untoward medical occurrence that resulted in death, was life-threatening, required hospitalization
or prolonging of existing hospitalization, and resulted in persistent or significant disability or
jeopardized the participant.[38] If the trialists do not use this definition, we will include the data if
the trialists use the term “serious adverse event.” If the trialists do not use the ICH-GCP definition
nor the term serious adverse event, then we will also include the data if the event clearly fulfills the

ICH-GCP definition. We will secondly assess each type of serious adverse event separately.
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Secondary outcomes

Patient-oriented:

1. Myocardial infarction (as defined by trialists).

2. Stroke (as defined by trialists).

3. Health-related quality of life (any validated continuous scale).

4. Proportion of participants with one or more non-serious adverse events (any adverse event not
classified as serious). We will exploratorily assess each adverse event separately.

5. Coronary angiography.

Device-oriented:

1. Target vessel myocardial infarction.

2. Target vessel revascularization.

Exploratory outcomes

1. Any coronary revascularization.

2. In-stent restenosis (as defined by trialists).

3. Cardiovascular mortality (as defined by trialists).

4. Any physiological or imaging-derived measurement of improved myocardial perfusion after
intervention.

5. Proportion of participants with failed or no stenting.

6. Use of bailout atherectomy, stent delivery, successful device crossing, study group cross-over,
study-defined procedural success.

7. Procedure duration, fluoroscopy time, contrast dose.
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Assessment time points

We will assess outcomes at maximum follow-up.

Search strategy

One review author (ATK) will search Cochrane Central Register of Controlled Trials (CENTRAL), Medical
Literature Analysis and Retrieval System Online (MEDLINE), Latin American and Caribbean Health Sciences
Literature (LILACS), Science Citation Index Expanded (SCI-EXPANDED), and Excerpta Medica database
(EMBASE) from inception to September 315, 2022. No restrictions based on language or year of publication
will be applied. The search will be supplemented by manually screening the reference lists of included

trials. The search strategy can be found in supplemental file 1.

Data collection

The review will be reported as recommended by the Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA) statement.[39]

Selection of studies

Two review authors (ATK and NTO) will independently screen search results based initially on title and
abstract, then based on full-text review and provide reasons for exclusion of ineligible studies.

Disagreements will be resolved through discussion, or by consulting a third person (JCJ).

Data extraction

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

259

29
30
31

32 261
33

260

34
35
36
37 263

38

262

39
40 264
41
42
43
44
45
46 266
47

48 267
49

50 268
51

52 769

265

54
55 270

56
57 271

58
59
60

BMJ Open Page 14 of 31

Two review authors (ATK and NTO) will independently extract data from included trials. The reviewers will
assess duplicate publications and companion papers of a trial together to evaluate all available data

simultaneously.

From each trial, the following will be extracted: type of intervention, severity of calcification, trial design
(parallel, factorial, or crossover), number of experimental groups, length of follow-up, number of
randomized participants, number of participants (analyzed, lost to follow-up, withdrawn, or crossover),
outcome data (only data from last follow-up time), types of comorbidities, age range, sex ratio, and risk of

bias domains (see below).

Assessment of risk of bias

Risk of bias will be evaluated by the Cochrane Risk of Bias tool (version 2) using five bias domains, each
classified as either low risk of bias, some concerns, or high risk of bias.[40] Bias assessment will be

conducted on an outcome level.

1: Bias arising from the randomization process

Low risk of bias: Adequately concealed allocation and absence of baseline imbalances between groups, and
random or unpredictable method to generate the allocation sequence. Some concerns: 1) Adequately
concealed allocation and a problem with the method of sequence generation or baseline imbalances that
suggest a problematic randomization process, or 2) if no information is provided about concealment of
allocation and baseline imbalances appear to be compatible with chance, or 3) if no information to answer

any of the signaling questions. High risk of bias: 1) Allocation sequence not adequately concealed, or 2)

14
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there is no information about concealment of the allocation sequence and baseline imbalances that

suggest a problem with the randomization process.

2: Bias due to deviation from intended interventions

Low risk of bias: 1) If participants, carers, and people delivering the interventions were unaware of
randomization groups during the trial, or 2) aware of intervention groups during the trial but deviations
from the intended were usual practice, or unlikely to impact the outcome and no participants were
analyzed in a group that the participant was not assigned to. Some concerns: Participants, carers, and
people were aware of intervention groups and 1) there was no information on whether there were
deviations from the intended interventions, or 2) there were deviations from the interventions but the
deviations were not likely to have affected outcome, or were balanced between the groups. High risk of
bias: Participants, carers or people were aware of the intervention groups during the trial and there were
deviations from the intended interventions that were unbalanced between the groups and likely to have
affected the outcome, or some participants were analyzed in the wrong intervention group, and there was

potential for substantial impact on the estimated effect size.

3: Bias due to missing outcome data

Low risk of bias: Data were available for all, or nearly all randomized participants or there is evidence that
the result was not biased by missing data or that missingness in the outcome could not depend on its true
value. Some concerns: An unclear degree of missing data and there is no evidence that the effect estimate
is robust to missing data. High risk of bias: High degree of missing data, differential missing data, and no

evidence that the effect estimate is robust to missing data.
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4: Bias in measurement of outcomes

Low risk of bias: Outcome assessors were unaware of the intervention received by study participants, or
aware but were unlikely to be influenced by this knowledge. Some concerns: No information available to
determine if the outcome is likely influenced by knowledge of the intervention received. High risk of bias:

The outcome assessment was likely to be influenced by knowledge of the intervention received.

5: Bias arising from selective reporting of results

Low risk of bias: Reported outcome data was unlikely to have been selected on the basis on the results
from multiple outcome measurements. Some concern: Insufficient information available to rule out the
possibility of selective outcome reporting on the basis of the results from multiple outcome measurements.
High risk of bias: Reported data is likely to have been selected on the basis of the results from multiple

outcome measurements or analyses.

Overall assessment of risk of bias

Low risk of bias: If the study is judged as low risk across all domains. High risk of bias: If the study is judged
as some concerns or high risk of bias in at least one domain. If a trial is sponsored by the industry and or if
just one author has affiliation to the industry, the publication will be judged as having some concern or high

risk of for-profit bias. The domains 3, 4, and 5 will be assessed for each outcome result.

Differences between the protocol and review

The review will be conducted according to this published protocol and any deviations from the protocol and

their reasons will be stated in the review.
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Measurement of treatment effect

Continuous outcomes

Mean differences with 95% confidence intervals (Cl) and Trial Sequential Analysis adjusted 95% Cl will be

calculated.

Dichotomous outcomes

Risk ratios (RRs) with 95% Cl and Trial Sequential Analysis adjusted 95% Cl will be calculated.

Dealing with missing data

Trialists will be contacted to obtain relevant missing data.

Assessment of heterogeneity

Signs of heterogeneity will primarily be assessed by forest plots, and secondly by the I statistic[40-42] and
the restricted maximum likelihood method.[43,44] It may be decided that meta-analysis is inappropriate if

heterogeneity is high.

Data synthesis

Results of each type of intervention will be analyzed separately based on intention-to-treat data. Rstudio

and Stata version 16 (StataCorp LLC, College Station, TX, USA) will be used for analyses.
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Meta-analysis

Meta-analysis will be conducted according to the Cochrane Handbook of Systematic Reviews of
Interventions,[40] Keus et al.,[45] and Jakobsen et al.[46] and supplemented by Trial Sequential Analysis.
Intervention effects will be analyzed with both a random-effects and fixed-effect meta-analysis for each
comparison. The estimate with the highest p value will be primarily used. Because we assess two primary

outcomes, we will consider a p value of 0.03 or less as statistically significant.[46]

Trial Sequential Analysis

Trial Sequential Analysis is a test of the statistical reliability of data in meta-analyses. Trial Sequential
Analysis adjusts significance levels for sparse data and controls the risk of both type | and type Il errors due
to accumulating data.[47] Trial Sequential Analysis will be performed on all outcomes to calculate the
required information size (humber of participants required in the meta-analysis to confirm or reject a given
intervention effect) and the cumulative Z-curve’s breach of relevant trial sequential monitoring
boundaries.[47,48] For dichotomous outcomes, the required information size will be calculated based on
the observed proportion of patients with an outcome in the control group, a relative risk reduction or
increase of 25%, an alpha of 3.3% for all outcomes, a beta of 10%, and the observed diversity as suggested
by the trials in the meta-analysis. For continuous outcomes, the information size will be calculated based
on the observed standard deviation (SD), a mean difference equal to the observed SD/2, an alpha of 3.3%

for all outcomes, a beta of 10%, and the observed diversity as suggested by the trials in the meta-analysis.

Network meta-analysis
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The synthesis comparator consists of all the interventions listed in the Eligibility Criteria section, as well as
placebo, standard care, no intervention, or “active placebo” trials. Interventions will be analyzed separately
and not grouped. The characteristics of the trials and their populations will be described by frequencies and
percentages for dichotomous data and means with SD for continuous data. Descriptive statistics for each
treatment comparison will be generated describing important clinical and methodological characteristics.
Each outcome dataset will be presented in a separate network diagram, where the size of the nodes is
proportional to the total number of participants, and the width of each line corresponds to the number of
studies comparing the connected treatments. Furthermore, the connecting lines will be marked according
to the average risk of bias per treatment comparison, using green for low, yellow for moderate, and red for
high risk of bias. It is assumed that any participant who meets inclusion criteria is equally likely to be
randomized to each intervention in the comparator set. The analyses will be conducted using Stata under

frequentist framework (command: mvmeta).[49]

Network meta-analysis will only be conducted if a connected network of trials can be constructed. If
conducted, the assumptions of transitivity and consistency will be assessed prior to analysis. The
assumptions will be assessed in five steps. First, a network geometry will be drawn to review the network
relationship. Second, the transitivity assumption across treatment comparisons will be assessed using
boxplots. The assumption of consistency will be evaluated using the design-by-treatment interaction model
as a global test.[50,51] Third, a network forest or interval plot is made to illustrate the summary effect size
of the comparative effectiveness of the interventions. Fourth, is to calculate the cumulative rankings to
identify a superiority among interventions. Fifth, is to evaluate publication bias or effect modifiers for a
valid inference from results. Effects estimates will be reported using relevant effect size (RR, MD, or SMD),

a 95% Cl, and a 95% prediction interval.

Planned subgroup analyses
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For trials comparing stent types, the following categories will be applied: a) Bare metal stents, b) first-

generation drug-eluting stents, and c) later-generation drug-eluting stents.

Summary of findings table

For each prespecified outcome, a summary of findings table will be created. The five GRADE considerations
(bias risk, consistency of the effect, imprecision, indirectness, and publication bias) will be used to assess
the certainty of the evidence.[52] Imprecision will be assessed using Trial Sequential Analysis. All

downgrading of the certainty of the evidence will be justified in writing.

Patient and Public Involvement statement

Patients were not directly involved in the planning of this study.

DISCUSSION

Coronary calcifications complicate all aspects of percutaneous coronary intervention and are a risk factor
for short- and long-term complications.[9,11] Several treatment options exist, but there is no consensus
regarding the optimal choice of treatment strategy. This systematic review with meta-analysis, Trial
Sequential Analysis, and network meta-analysis aims to assess the beneficial and harmful effects of all

percutaneous treatment options in the treatment of calcified coronary lesions.

This protocol has several methodological strengths. First, the methodology is predefined and based on the
PRISMA guidelines[36] and the Cochrane Handbook for Systematic Reviews of Interventions.[40] Second,
risk of bias will be assessed, and significance thresholds will be adjusted to control for random and

systematic errors. The primary limitation of the review is the combined assessment of all available
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interventions, which may require many analyses and cause problems with multiplicity. The results of the

review will be interpreted considering this increased risk of type 1 errors.

ETHICS AND DISSEMINATION

No ethics approval is required for this study. The results of this study will be published in peer-reviewed

academic journals in this field.

Acknowledgments

Special thanks for expert help from Sarah Louise Klingenberg (Information Specialist, The Cochrane Hepato-

Biliary Group, Copenhagen Trial Unit, Copenhagen, Denmark) in formulating the search strategy.

Competing interests statement

All authors declare that they have no competing interests.

Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-profit

sectors.

Contributors:

ATK, JCJ, and NTO drafted the manuscript. NTO had the original idea for the study. All authors read and

approved the final manuscript. ATK is the guarantor of the protocol.

21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

426
4p7
4p8
4p9

W oONOOULID WN =

29 441
30 442

41 449
42 450
43 451
44
45 452

46 453
47

48
49 433

50
51 456
52 457
53 458
54
55 459
56 460
>7 461
58
59
60

BMJ Open Page 22 of 31

REFERENCES

10

11

12

13

Wang H, Naghavi M, Allen C, et al. Global, regional, and national life expectancy, all-cause mortality,
and cause-specific mortality for 249 causes of death, 1980-2015: a systematic analysis for the Global
Burden of Disease Study 2015. The Lancet 2016;388:1459-544. doi:10.1016/50140-6736(16)31012-1

ESC Prevention of CVD Programme: Epidemiology of IHD. https://www.escardio.org/Education/ESC-
Prevention-of-CVD-Programme/Epidemiology-of-IHD. Accessed April 2022.

Weber C, Noels H. Atherosclerosis: current pathogenesis and therapeutic options. Nat Med
2011;17:1410-22. d0i:10.1038/nm.2538

Mori H, Torii S, Kutyna M, et al. Coronary Artery Calcification and its Progression: What Does it Really
Mean? JACC: Cardiovasc Imaging 2018;11:127-42. doi:10.1016/j.jcmg.2017.10.012

Budoff MJ, Hokanson JE, Nasir K, et al. Progression of Coronary Artery Calcium Predicts All-Cause
Mortality. JACC: Cardiovasc Imaging 2010;3:1229-36. d0i:10.1016/j.jcmg.2010.08.018

Kalra SS, Shanahan CM. Vascular calcification and hypertension: Cause and effect. Ann Med
2012;44:585-92. d0i:10.3109/07853890.2012.660498

Moussa |, Ellis SG, Jones M, et al. Impact of Coronary Culprit Lesion Calcium in Patients Undergoing
Paclitaxel-Eluting Stent Implantation (a TAXUS-IV Sub Study). Am J Cardiol 2005;96:1242-7.
do0i:10.1016/j.amjcard.2005.06.064

Kawaguchi R, Tsurugaya H, Hoshizaki H, et al. Impact of lesion calcification on clinical and
angiographic outcome after sirolimus-eluting stent implantation in real-world patients. Cardiovasc
Revasc Med 2008;9:2-8. doi:10.1016/j.carrev.2007.07.004

Nishida K, Nakatsuma K, Shiomi H, et al. Second-Generation vs. First-Generation Drug-Eluting Stents
in Patients With Calcified Coronary Lesions — Pooled Analysis From the RESET and NEXT Trials. Circ
2018;82:376—87. doi:10.1253/circj.CJ-17-0746

Guedeney P, Claessen BE, Mehran R, et al. Coronary Calcification and Long-Term Outcomes According
to Drug-Eluting Stent Generation. JACC: Cardiovasc Interv 2020;13:1417-28.
doi:10.1016/j.jcin.2020.03.053

Bourantas CV, Zhang Y-J, Garg S, et al. Prognostic implications of coronary calcification in patients
with obstructive coronary artery disease treated by percutaneous coronary intervention: a patient-
level pooled analysis of 7 contemporary stent trials. Heart 2014;100:1158—64. doi:10.1136/heartjnl-
2013-305180

Chhabra L, Zain MA, Siddiqui WJ. Chhabra L, Zain MA, Siddiqui WJ. Angioplasty. Treasure Island, FL:
StatPearls Publishing 2022 Jan-. Available at https://www.ncbi.nlm.nih.gov/books/NBK499894/.
Accessed April 2022.

Barbato E, Shlofmitz E, Milkas A, et al. State of the art: evolving concepts in the treatment of heavily
calcified and undilatable coronary stenoses — from debulking to plague modification, a 40-year-long
journey. Eurolntervention 2017;13:696—705. doi:10.4244/ElJ-D-17-00473

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 23 of 31

462
463
464

oNOYTULT D WN =

465

= ©
o
I
(@)
(e)]

11 467
12

13 468
14 469

15 470
16

7 471

472
20 473
21 474
22 475
23

24 476
25 477
26

27 478
28 479
29

30

31 480
32 481
33 482
34

35 483
36 484
37 485

38 486
39

40 487

41
) 488

43
42 489

45 490
46 491

47

48 492
49 493
50 494
51 495
52

23 406
497

55
56 498

57
5g 499
59 500
60

14

15

16

17

18

19

20

21

22

23

24

25

26

BMJ Open

Wiemer M, Butz T, Schmidt W, et al. Scanning electron microscopic analysis of different drug eluting
stents after failed implantation: From nearly undamaged to major damaged polymers. Catheter
Cardiovasc Interv 2010;75:905-11. doi:10.1002/ccd.22347

Kobayashi Y, Okura H, Kume T, et al. Impact of Target Lesion Coronary Calcification on Stent
Expansion: An Optical Coherence Tomography Study. Circ 2014;78:2209-14. doi:10.1253/circj.CJ-14-
0108

Fujii K, Carlier SG, Mintz GS, et al. Stent underexpansion and residual reference segment stenosis are
related to stent thrombosis after sirolimus-eluting stent implantation: An intravascular ultrasound
study. J Am Coll Cardiol 2005;45:995-8. doi:10.1016/j.jacc.2004.12.066

Généreux P, Madhavan MV, Mintz GS, et al. Ischemic Outcomes After Coronary Intervention of
Calcified Vessels in Acute Coronary Syndromes: Pooled Analysis From the HORIZONS-AMI
(Harmonizing Outcomes With Revascularization and Stents in Acute Myocardial Infarction) and
ACUITY (Acute Catheterization and Urgent Intervention Triage Strategy) Trials. J Am Coll Cardiol
2014;63:1845-54. doi:10.1016/j.jacc.2014.01.034

Fan LM, Tong D, Mintz GS, et al. Breaking the deadlock of calcified coronary artery lesions: A
contemporary review. Catheter Cardiovasc Interv 2021;97:108-20. doi:10.1002/ccd.29221

Hill IM, Kereiakes DJ, Shlofmitz RA, et al. Intravascular Lithotripsy for Treatment of Severely Calcified
Coronary Artery Disease. J Am Coll Cardiol 2020;76:2635-46. doi:10.1016/j.jacc.2020.09.603

Okura H, Hayase M, Shimodozono S, et al. Mechanisms of acute lumen gain following cutting balloon
angioplasty in calcified and noncalcified lesions: An intravascular ultrasound study. Catheter
Cardiovasc Interv 2002;57:429-36. doi:10.1002/ccd.10344

Fernandez JP, Hobson AR, McKenzie D, et al. Beyond the balloon: excimer coronary laser atherectomy
used alone or in combination with rotational atherectomy in the treatment of chronic total
occlusions, non-crossable and non-expansible coronary lesions. Eurolntervention 2013;9:243-50.
doi:10.4244/E1JV9I12A40

Karimi Galougahi K, Shlofmitz E, Jeremias A, et al. Therapeutic Approach to Calcified Coronary Lesions:
Disruptive Technologies. Curr Cardiol Rep 2021;23:33. d0i:10.1007/s11886-021-01458-7

De Maria GL, Scarsini R, Banning AP. Management of Calcific Coronary Artery Lesions: Is it Time to
Change Our Interventional Therapeutic Approach? JACC: Cardiovasc Interv 2019;12:1465-78.
doi:10.1016/j.jcin.2019.03.038

Abdel-Wahab M, Richardt G, Joachim Biittner H, et al. High-Speed Rotational Atherectomy Before
Paclitaxel-Eluting Stent Implantation in Complex Calcified Coronary Lesions: The Randomized
ROTAXUS (Rotational Atherectomy Prior to Taxus Stent Treatment for Complex Native Coronary
Artery Disease) Trial. JACC: Cardiovasc Interv 2013;6:10-9. doi:10.1016/j.jcin.2012.07.017

Abdel-Wahab M, Toelg R, Byrne RA, et al. High-Speed Rotational Atherectomy Versus Modified
Balloons Prior to Drug-Eluting Stent Implantation in Severely Calcified Coronary Lesions. Circ
Cardiovasc Interv 2018;11:e007415. doi:10.1161/CIRCINTERVENTIONS.118.007415

Rheude T, Rai H, Richardt G, et al. Super high-pressure balloon versus scoring balloon to prepare

severely calcified coronary lesions: the ISAR-CALC randomised trial. Eurolntervention 2021;17:481-8.

23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

501
502

oNOYTULT D WN =

503
504

- O
o

11 505
12 506
13 507
14

15 508

16 509
17

18
19
20

510
511

21

5y 512
23 513
24 514
25

26 515
27 516

29 517

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

BMJ Open Page 24 of 31

Allen DW, Kaul P. Atherectomy and Specialty Balloons in Percutaneous Coronary Intervention. Curr
Treat Options Cardio Med 2019;21:13. doi:10.1007/s11936-019-0717-4

Chambers JW, Behrens AN, Martinsen BJ. Atherectomy Devices for the Treatment of Calcified
Coronary Lesions. Interv Cardiol Clin 2016;5:143-51. doi:10.1016/j.iccl.2015.12.003

Goel S, Pasam RT, Chava S, et al. Orbital atherectomy versus rotational atherectomy: A systematic
review and meta-analysis. Int J Cardiol 2020;303:16-21.
doi:https://doi.org/10.1016/].ijcard.2019.12.037

Baber U, Kini AS, Sharma SK. Stenting of complex lesions: an overview. Nat Rev Cardiol 2010;7:485—
96. doi:10.1038/nrcardio.2010.116

Shlofmitz E, Shlofmitz R, Lee MS. Orbital Atherectomy: A Comprehensive Review. Interv Cardiol Clin
2019;8:161-71. doi:10.1016/j.iccl.2018.11.006

Chambers JW, Diage T. Evaluation of the Diamondback 360 Coronary Orbital Atherectomy System for
treating de novo, severely calcified lesions. Exp Rev Med Devices 2014;11:457—-66.
doi:10.1586/17434440.2014.929493

Khan S, Li B, Salata K, et al. The Current Status of Lithoplasty in Vascular Calcifications: A Systematic
Review. Surg Innov 2019;26:588-98. d0i:10.1177/1553350619848557

Kassimis G, Didagelos M, De Maria GL, et al. Shockwave Intravascular Lithotripsy for the Treatment of
Severe Vascular Calcification. Angiology 2020;71:677-88. doi:10.1177/0003319720932455

Zhang BC, Wang C, Li WH, et al. Clinical outcome of drug-eluting versus bare-metal stents in patients
with calcified coronary lesions: a meta-analysis. Int Med J 2015;45:203-11. do0i:10.1111/imj.12622

Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ 2015;349:g7647.
doi:10.1136/bmj.g7647

Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane handbook for systematic
reviews of interventions version 6.0 (updated July 2019). Cochrane, 2019.

International Conference on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use). ICH harmonised guideline: integrated addemdum to ICH E6(R1):
Guideline for Good Clinical Practice (ICH-GCP). 2015.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. Syst Rev 2021;10:89. doi:10.1186/s13643-021-01626-4

Cumpston M, Li T, Page MJ, et al. Updated guidance for trusted systematic reviews: a new edition of
the Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Database Syst Rev
Published Online First: 2019. doi:10.1002/14651858.ed000142

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med 2002;21:1539-58.
doi:10.1002/sim.1186

24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 25 of 31

536
537

oNOYTULT D WN =

538
539

- O
o

11 540
12 541
13

14 542
15 543
16

17 544
545

1
2 546

20
21
2y 547
23
24 548
25 549
26 550
27
28 551
29 552
30
31 553
33 554
34
35 555
36 556
37 557
38
39 558
40 559
41
42 560
43
44
45 561
46
47
48 562
49
50
51
52
53
54
55
56
57
58
59
60

42

43

44

45

46

47

48

49

50

51

52

BMJ Open

Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. BMJ
2003;327:557-60. doi:10.1136/bmj.327.7414.557

Langan D, Higgins JPT, Jackson D, et al. A comparison of heterogeneity variance estimators in
simulated random-effects meta-analyses. Res Synth Methods 2019;10:83-98. d0i:10.1002/jrsm.1316

Harbord RM, Egger M, Sterne JAC. A modified test for small-study effects in meta-analyses of
controlled trials with binary endpoints. Stat Med 2006;25:3443-57. doi:10.1002/sim.2380

Keus F, Wetterslev J, Gluud C, et al. Evidence at a glance: error matrix approach for overviewing
available evidence. BMC Med Res Methodol 2010;10:90. doi:10.1186/1471-2288-10-90

Jakobsen JC, Wetterslev J, Winkel P, et al. Thresholds for statistical and clinical significance in
systematic reviews with meta-analytic methods. BMC Med Res Methodol 2014;14:120.
doi:10.1186/1471-2288-14-120

Copenhagen Trial Unit. TSA - Trial Sequential Analysis. http.//www.ctu.dk/tsa/. Accessed April 2022.

Thorlund K EJ, Wetterslev J, Brok J, Imberger G, Gluud C (2017). User Manual for Trial Sequential
Analysis (TSA) [pdf]. 2nd ed. Copenhagen: Copenhagen Trial Unit, pp. 1-119. Downloadable from
ctu.dk/tsa. Accessed April 2022.

White IR. Network Meta-analysis. The Stata Journal 2015;15:951-85.
doi:10.1177/1536867X1501500403

Shim S, Yoon B-H, Shin I-S, et al. Network meta-analysis: application and practice using Stata.
Epidemiol Health 2017;39. doi:10.4178/epih.e2017047

Higgins JPT, Jackson D, Barrett JK, et al. Consistency and inconsistency in network meta-analysis:
concepts and models for multi-arm studies. Res Synth Methods 2012;3:98-110.
doi:10.1002/jrsm.1044

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence
and strength of recommendations. BMJ 2008;336:924—6. doi:10.1136/bm;j.39489.470347.AD

25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

563

564

BMJ Open

Supplemental Material

Supplemental File 1: Search strategies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 31

26


http://bmjopen.bmj.com/

Page 27 of 31 BMJ Open

oNOYTULT D WN =

Search strategies for
Percutaneous coronary intervention in calcified stenoses
(Andreas Torp Kristensen)
Preliminary searches prepared 8 April 2022

Cochrane Central Register of Controlled Trials (latest issue) in the Cochrane Library

#1 MeSH descriptor: [Coronary Artery Disease] explode all trees

#2 MeSH descriptor: [Myocardial Infarction] explode all trees

#3 MeSH descriptor: [Coronary Stenosis] explode all trees

#4 (coronar* or myocardicalinfarct* orangina or arteriosclero* or STEMI or (left nextmain) or stenos* or

ischemic heart disease*)
#5 #lor#2 or#3 or#4

#6 MeSH descriptor: [Calcinosis] this term only
#7 MeSH descriptor: [Vascular Calcification] explode all trees
#8 (calcif* or calcinos*)

#9 #6 or #7 or #8

#10 MeSH descriptor: [Coronary Angiography] explode all trees

#11 MeSH descriptor: [Percutaneous Coronary Intervention] explode all trees

#12 MeSH descriptor: [Angioplasty, Balloon, Coronary]explode all trees

#13 MeSH descriptor: [Atherectomy, Coronary]explode all trees

#14 (angiogra™ or arterygra* or coronarygra* or percutaneous coronary intervention or lesion preparation or
predilat* or postdilat* or stent* or angioplast* or atherectom* orballoon*)

#15 #10or #11lor #12or#13 or#14

#16 #5and#9and#14

MEDLINE Ovid (1946 to the date of the search)

1. exp Coronary Artery Disease/

2. exp Myocardial Infarction/

3. exp Coronary Stenosis/

4, (coronar* or myocardicalinfarct* orangina or arteriosclero* or STEMI or (left adj main) or stenos* or ischemic

heart disease*).mp. [mp=title, abstract, original title, name of substance word, subject headingword, floating sub-
heading word, keyword headingword, organism supplementary concept word, protocol supplementary concept word,
rare disease supplementary conceptword, unique identifier, synonyms]

5. lor2or3or4

6. Calcinosis/

7. exp Vascular Calcification/

8. (calcif* or calcinos*).mp. [mp=title, abstract, original title, name of substance word, subject heading word,

floating sub-headingword, keyword heading word, organism supplementary conceptword, protocol supplementary
conceptword, rare disease supplementary concept word, unique identifier, synonyms]

9. 6or7or8

10. exp Coronary Angiography/

11. exp Percutaneous Coronary Intervention/

12. exp Angioplasty, Balloon, Coronary/

13. exp Atherectomy, Coronary/

14. (angiogra™ or arterygra™ or coronarygra* or percutaneous coronary intervention or lesion preparation or

predilat* or postdilat* or stent* or angioplast* or atherectom* orballoon*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-headingword, keyword headingword, organism supplementary
conceptword, protocol supplementary concept word, rare disease supplementary concept word, unigue identifier,
synonyms]

15. 10orllorl2orl3orl4

16. 5and9and 14

17. (randomized controlled trial or controlled clinical trial or retracted publication or retraction of publication).pt. or
clinical trials astopic.sh. or trial.ti.
18. (random* or blind* or placebo*).mp. [mp-=title, abstract, original title, name of substance word, subject heading

word, floating sub-headingword, keyword headingword, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
19. 16 and (17 or 18)

Embase Ovid (1974 to the date of the search)
1. exp coronary artery disease/
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2. exp heartinfarction/

3. (coronar* or myocardicalinfarct* orangina or arteriosclero* or STEMI or (left adj main) or stenos* or ischemic
heart disease*).mp. [mp=title, abstract, headingword, drug trade name, original title, device manufacturer,drug
manufacturer, device trade name, keyword heading word, floating subheadingword, candidate term word]

4, lor2or3

5. exp calcification/

6. exp cardiovascular calcification/

7. (calcif* or calcinos*).mp. [mp=title, abstract, headingword, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheadingword, candidate term
word]

8. 5or6or7

9. exp coronary angiography/

10. exp percutaneous coronary intervention/

11. exp percutaneoustransluminalangioplasty/

12. exp coronary atherectomy/

13. exp coronary artery surgery/

14. (angiogra™ or arterygra™ or coronarygra* or percutaneous coronary intervention or lesion preparation or

predilat* or postdilat* or stent* or angioplast* or atherectom* orballoon*).mp. [mp=title, abstract, headingword, drug
trade name, original title, device manufacturer,drug manufacturer, device trade name, keyword hea ding word, floating
subheadingword, candidate term word]

15. 9orl0orllorl2ori3orl4

16. 4and8and 15

17. Randomized controlled trial/ or Controlled clinical trial/ or retracted article/ or (erratum or tombstone).pt. or
trial.ti. oryes.nr.

18. (random™* or blind* or placebo*).mp.[mp=title, abstract, headingword, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheadingword, candidate term
word]

19. 16 and (17 or 18)

LILACS (Bireme; 1982 to the date of the search)

(coronar$ or myocardicalinfarct$ orangina or arteriosclero$ or STEMI or left main or stenos$ or ischemic heart
disease$) [Words] and (calcif$ or calcinos$) [Words] and (angiogra$ or arterygra$ or coronarygra $ orpercutaneous
coronary intervention or lesion preparation or predilat$ or postdilat$ or stent$ or angioplast$ or atherectom$ orba lloon$)

[Words]

Science Citation Index Expanded (1900 to the date of the search) and Conference Proceedings Citation Index —
Science (1990 to the date of the search) (Web of Science)

#6 #4 AND #5

#5 Tl=(random™* orblind* or placebo* or trial*) OR TS=(random™* or blind* or placebo*)

#4 #3 AND #2 AND #1

#3 TS=(angiogra* or arterygra* or coronarygra*® or percutaneous coronary intervention or lesion preparation or predilat*
or postdilat* or stent* or angioplast* or atherectom™> orballoon*)

#2 TS=(calcif* or calcinos*)

#1 TS=(coronar* or myocardicalinfarct* or angina or arteriosclero* or STEMI or left NEXT main or stenos* or ischem ic
heart disease*)
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S 1
1 N
2 . S
3 PRISMA-P 2015 Checklist 3
4 >
> N
6 This checklist has been adapted for use with systematic review protocol submissions to BioMed Central jgpurnals from Table 3 in Moher D et al:
; Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statementrE'Systematic Reviews 2015 4:1
0 2
10 An Editorial from the Editors-in-Chief of Systematic Reviews details why this checklist was adapted - Moler D, Stewart L & Shekelle P:
N
1; Implementing PRISMA-P: recommendations for prospective authors. Systematic Reviews 2016 5:15 S
13 S
14 . . e Information reported Line
T3 Section/topic #  Checklist item Yes No  number(s)
1> |ADMINISTRATIVE INFORMATION =
18 [Title 2
19 Identification 1a [ldentify the report as a protocol of a systematic review g |E |:| 1
;? Update 1b  |If the protocol is for an update of a previous systematic review, identify as such g |E |:| 1
2 Registration > If registered, provide the name of the registry (e.g., PROSPERO) and registration number in tﬁbe |E |:| 39
23 Abstract >
—a
54  |Authors 3
25 Contact 33 Provide name, institutional affiliation, and e-mail address of all protocol authors; provide physncal |E |:| 3-10
26 mailing address of corresponding author
27 Contributions 3b  |Describe contributions of protocol authors and identify the guarantor of the review Z X [] [423-424
28 - - - - 3
% Amendments 4 If the protocol_ represents.an ame_ndment of a previously com_plet_ed or published protocol, |de1%|fy |E |:| 314-316
as such and list changes; otherwise, state plan for documenting important protocol amendmefts
30 )
31 Support S
32 Sources 5a [Indicate sources of financial or other support for the review g X [] 419420
33 Sponsor 5b  |Provide name for the review funder and/or sponsor Q X [] 419420
34 D
35 Role of 5¢c  |Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol® 9’ & D 419-420
36 sponsor/funder g
37 INTRODUCTION T
38 [Rationale 6 Describe the rationale for the review in the context of what is already known o] X [] [p6-159
39 N
40 S
42 <! ( BioMed Central
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml The-Open A Puhishet
45


http://bmjopen.bmj.com/

oNOYTULT D WN =

Section/topic

BMJ Open

220z-uadolwic

Checklist item

Page 30 of 31

Information reported Line

Yes

No number(s)

Provide an explicit statement of the question(s) the review will address with reference to |E |:| 180-185
. participants, interventions, comparators, and outcomes (PICO) »
Objectives 7 ko
2
3
METHODS o
Specify the study characteristics (e.g., PICO, study design, setting, time frame) and report § |E |:| 180-192
Eligibility criteria 8 characteristics (e.g., years considered, language, publication status) to be used as criteria for™
eligibility for the review ¥
. Describe all intended information sources (e.g., electronic databases, contact with study auth&s |E |:| 233-238
Information sources 9
trial registers, or other grey literature sources) with planned dates of coverage m
Search strategy 10 Present draft of search strategy to be used for at least one electronic database, including plarg]ed |E |:| S_upplemental
limits, such that it could be repeated = File 1
STUDY RECORDS i
Data management [11a |Describe the mechanism(s) that will be used to manage records and data throughout the reviéiv X [] 241-258
Selection process 11b State the process that will be used for selecting studies (e.g., two independent reviewers thrcgigh |E |:| 241-258
each phase of the review (i.e., screening, eligibility, and inclusion in meta-analysis)
Data collection 11c Describe planned method of extracting data from reports (e.g., piloting forms, done mdepend&ltly, |E |:| 241-258
process in duplicate), any processes for obtaining and confirming data from investigators 3
Data items 12 List and define all variables for which data will be sought (e.g., PICO items, funding sources), any |E |:| 241-258
pre-planned data assumptions and simplifications 3
Outcomes and 13 List and define all outcomes for which data will be sought, including prioritization of main and S |E |:| 195-227
prioritization additional outcomes, with rationale z
Risk of bias in Describe anticipated methods for assessing risk of bias of individual studies, including whethq‘jthls |E |:| 261-312
N . 14 |will be done at the outcome or study level, or both; state how this information will be used in d&ta
individual studies . o
synthesis (=}
DATA w
15a |Describe criteria under which study data will be quantitatively synthesized ; X [] 335-380
If data are appropriate for quantitative synthesis, describe planned summary measures, meth@ds |E |:| 387-390
15b |of handling data, and methods of combining data from studies, including any planned exploratipn
Synthesis of consistency (e.g., / 2, Kendall’s tau) S
15c Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, meta- S |E |:| 383-384
regression)
15d [If quantitative synthesis is not appropriate, describe the type of summary planned X [] 387-390

1ybuAddo Aq paio
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S 3
1 N
2 o)
. . _ Information reported Li
3 Section/topic Checklist item P —E
4 Yes No  number(s)
5 Meta-bias(es) 16 Spe0|f_y any p!anned_ assessment of meta-bias(es) (e.g., publication bias across studies, selective |E |:| 335-380
6 reporting within studies) n
7 i i 5 -
Confldef\ce n 17  |Describe how the strength of the body of evidence will be assessed (e.g., GRADE) 5] & |:| 387-390
8 cumulative evidence 3
9
10 S
1 N
12 9
13 g
14 <)
15 2
16 o
17 S
18 =)
19 =]
20 5
3
21 =
22 -‘E
23 o
24 3
25 8
3
2 S
<
28 <
29 S
30 5
31 S
32 3
33 Q
34 2
35 ;
36 S
37 3
38 g
39 <
40 S
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