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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 randomised 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 31 October 2022. The coprimary
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.

PROSPERO registration number CRD42021226034.

INTRODUCTION

Ischemic heart disease

Ischaemic heart disease is the most common
cause of death globally and accounts
for 1.8million European deaths annu-
ally." * Ischaemic heart disease is character-
ised by build-up of lipid-containing plaques,
chronic inflammation and hardening in
the walls of coronary arteries.” This process,
that is, atherosclerosis, is associated with
traditional cardiovascular risk factors such
as diabetes mellitus, hypertension and

! Janus C Jakobsen,?® Niels Thue Olsen'’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Several percutaneous treatment options exist to
treat calcified coronary lesions. However, there is
no consensus regarding the optimal choice of treat-
ment strategy. We aim to assess the beneficial and
harmful effects of all available treatment options.

= This protocol is based on the Preferred Reporting
Items for Systematic Review and Meta-Analysis
Protocols guidelines and the Cochrane Handbook
for Systematic Reviews of Interventions.

= We plan to conduct meta-analysis, trial sequential
analysis and network meta-analysis.

= We will assess all available interventions which may
require many analyses and cause problems with
multiplicity.

hypercholesterolaemia. Atherosclerosis may
lead to reduced coronary blood flow due
to narrowed vessels (stenosis), inadequate
oxygen supply to the myocardium (ischaemia)
and heart attack (infarction). Affected indi-
viduals risk loss of cardiac function, reduction
in quality of life and ultimately death.?

Calcified ischaemic heart disease

Coronary calcification is a feature of late-stage
atherosclerosis. Atherosclerosis is a chronic
and degenerative process that involves apop-
tosis of foam cells and smooth muscle cells in
the arterial wall. Early deposition of hydroxy-
apatite crystals, primarily in the intimal layer
(microcalcification), may lead to the forma-
tion of calcified sheets and nodules that
complicate coronary interventions.* Coro-
nary calcification is associated with increasing
age and presence and severity of diabetes
mellitus and chronic kidney disease, among
other conditions.* As the number of elderly
individuals is expected to increase, so will the
number of elderly individuals living with calci-
fied ischaemic heart disease. The presence of
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moderate-to-severe calcifications is a risk factor for future
cardiovascular events and death.”®

The presence and severity of coronary calcification can
be identified non-invasively by cardiac CT or invasively by
coronary angiography, optical coherence tomography or
intravascular ultrasound.* The degree of coronary artery
calcification correlates with the severity of obstructive
coronary artery disease.* Moderately to severely calcified
coronary stenoses are present in 17%-34% of patients
with ischaemic heart disease undergoing percutaneous
coronary intervention.” ” ® Patients with severe calcifica-
tions often have multivessel disease, greater anatomical
complexity (greater SYNTAX score and number of Amer-
ican College of Cardiology/American Heart Association
type C lesions), and a lower preprocedural flow through
the lesion compared with patients with no or only mild
calcifications.”"!

Coronary angiography and percutaneous coronary
intervention
Coronary angiography is an invasive procedure that
allows visualisation and treatment of coronary stenoses.'”
Following local anaesthesia in the wrist or groin, a sheath
is inserted into a peripheral artery.” Through the sheath,
a catheter is advanced to the coronary ostia. By injecting
a contrast medium and using X-ray fluoroscopy, an angio-
gram is produced that visualises the coronary arteries,
stenoses and calcifications (radiopacities in the vessel
wall).* 12

Ischaemic heart disease can be treated medically
primarily by reducing the myocardial demand for oxygen
or invasively by dilating (percutaneous coronary interven-
tion) 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 revascularisation.

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).'
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

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.” Percutaneous intervention in
calcified lesions has a higher risk of short-term and
long-term complications (coronary perforation, in-stent

thrombosis, restenosis and death) and a lower procedural
success rate (eg, incomplete revascularisation and subop-
timal stent expansion) compared with treatment of non-
calcified lesions.""

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."
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.'* Consequently,
suboptimal lesion preparation and underexpansion of
stents are predictors of stent thrombosis and long-term
restenosis.”” '® Lastly, the use of high inflation pressures
sometimes necessary for calcified lesions may cause vessel
rupture.”

In addition to conventional techniques, several special-
ised techniques are available to optimise lesion prepa-
ration and stent expansion in calcified stenoses. (1)
Rotational atherectomy uses a catheter with a rotating
diamond-burr, which is advanced through the calcified
segment to pulverise the superficial calcification.”® (2)
Orbital atherectomy uses a catheter with an eccentri-
cally mounted diamond-coated crown that rotates and
pulverises the superficial calcification.' Potential compli-
cations of rotational and orbital atherectomy include coro-
nary perforation, dissection and embolisation of debris
with risks of myocardial infarction or slow-flow/no-reflow
phenomena.'® Atherectomy is affected by guidewire bias,
which limits optimal preparation of the calcification."
(8) Cutting or scoring balloons (modified balloons) have
superficially mounted blades or wires, respectively, that
create indents and more controlled dissections in the
plaque and calcification during inflation." By creating
indents and dissections, the balloons expand in a focused
location at less inflation pressure at a lower risk of asym-
metric expansion.”” 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 pres-
sure required for dilatation of severely calcified lesions,
but at a risk of rupture due to mechanical trauma.'® (5)
Excimer laser is a technique that delivers gases and gener-
ates 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.?’ (6) Balloon lithoplasty is a technique that
delivers high-frequency pressure waves from a balloon
inflated in the lesion at low pressure.'” The pressure
waves propagate through the vessel wall to fracture the
calcification. In severely calcified lesions, this technique
has been shown effective and safe.'

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

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 with
patients without calcifications are more often elderly or
have complex lesions, diabetes mellitus or chronic kidney
disease.” 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.'® **#

Several reviews on percutaneous coronary interven-
tion techniques on calcified lesions have been published.
These reviews are limited due to their use of non-
systematic searches, inclusion of non-randomised studies,
non-adherence to Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines or
focus on only a few selected treatment options (table 1).
A preliminary search identified four randomised trials
on calcified lesions that compare the use of atherectomy
versus no atherectomy,** atherectomy versus cutting or
scoring balloons,” non-compliant high-pressure balloons
versus scoring balloons® and paclitaxel-eluting stent
versus bare-metal stent.’

Effective lesion preparation and stenting are considered
vital predictors of short-term 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.

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 statement®” and the Cochrane
Handbook of Systematic Review of Interventions.”® We
plan to conduct the searches and analyses and to write
the manuscript from November 2022 to February 2022.

Eligibility criteria
Study designs
Only randomised clinical trials will be included. Quasi-

randomised trials and cluster randomised trials will not
be included.

Participants
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 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 outcomes

1. All-cause mortality.

2. Proportion of participants with one or more serious ad-
verse events. We will use the ‘International Conference
on Harmonization of technical requirements for reg-
istration of pharmaceuticals for human use — Good
Clinical Practice’ (ICH-GCP) definition of a serious ad-
verse event, which is any untoward medical occurrence
that resulted in death, was life-threatening, required
hospitalisation or prolonging of existing hospitalisa-
tion and resulted in persistent or significant disability
or jeopardised the participant.29 If the trialists do not
use this definition, we will include the data if the trial-
ists use the term ‘serious adverse event’. If the trialists
do not use the ICH-GCP definition nor the term seri-
ous adverse event, then we will also include the data
if the event clearly fulfils the ICH-GCP definition. We
will second assess each type of serious adverse event
separately.

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 revascularisation.

Exploratory outcomes
1. Any coronary revascularisation.

Torp Kristensen A, et al. BMJ Open 2022;12:¢063884. doi:10.1136/bmjopen-2022-063884 3

“1ybuAdoo Aq parosioid 1sanb Aq £20z2 ‘9 |udy uo jwodfwqg-uadolwg//:dny wolj papeojumoq ‘2z0z Jlaquiaidas g uo #88£90-220z-uadolwg/oeTT 0T se paysiignd 1siy :uado rINg


http://bmjopen.bmj.com/

Open access

BMJ Open: first published as 10.1136/bmjopen-2022-063884 on 2 September 2022. Downloaded from http://bmjopen.bmj.com/ on April 6, 2023 by guest. Protected by copyright.

"Jusls ‘| S ‘uoojeq BuLIOos ‘DS ‘AWoloBiBYle [BUOIIRIOL ‘VY ‘Awolosisyie [elaio ‘YO ‘Aiseidoyy ‘| ‘uoojjeq jueldwoo-uou ainssaid ybiy ‘dH ‘4ese| Jswioxe ‘X3 ‘uoojieq Bumno ‘no

uolnesue|nosensal
uolse| 1964e) JO SWJS} Ul SjuUsls [elaw
-aleq 0} Jouadns aJe sjuals Bunne-6niQg
'synsaJ s|geloipaid

sey pue asn 0} Ases siI Aisejdoyii

"SISOUS)S [9SSOA Sosealoap A1se|doyl]

"S9WOJIN0
anoidwi Aew Awoloalsyie [eugiO

‘synsai [ewndo
ainsus 03 uolieseda.d uoise| Ul 9]0
juepodwi ue sAejd Awojoaisyie [eHgIO

Jesjoun

'S9WO09IN0

Ul Y 10 YO U9aM1aq Seduaiayip ou
aJle alay) ‘ewn Adoosoion|y oy 1deox]

"SaLWO00}N0
|eanpaooud anoidwi Aew Awojosiayly

"pajels JON

‘Paiels 10N

‘Buisiwoid swass Ayseidoyyi Buibew
JejnoseAesjul uo sbuipuly pue AjjIQeSS0I
uooj|jeq 01 Buipioooe Juswabeuew apinb
0} WylLIobe ue Jo asn 8y} puswwodsy

SJUaj}s [BloW-aleq shsian Bunne-bnig X
‘suoljeoldde [eoluljo 1seq
ay} sybIybly pue aouspine aquasaqg

‘aseas|Ip Alepe Aieuolod pue [eseydued
ur Ayseidoyy] JO SBWOJIN0 SSUEWWNS

AwoyoaiaUie [B1IQIO JO MBINSY

Awojo8l8y)e [B1ICIO0 JO MBINSY

suoIs9| xa|dwoo Jo} sanbiuyos}
[euoiiusAIBIUl pue s8iNdIYIp SUIINO

Awo0918y3e [B1CIO SNSISA [BUOIIRIOY

"S80INeP ALWIO}0BIBY)E JO MBINSY

20UBpPINS
pue anbjuyos} ‘se|diound jo Arewwing

20UBpING
pue anbjuyos} ‘se|diound jo Arewwing

Buibew sejnoseAeliul JO 8|01 BY} pue
s9160]0Uy28} UO SNJ0} YIM MBIAIBAQ

sisAjeue

-BJaW YyM OljewslsAg

aAljeL_U
pue oljews)sAs-uoN

aAleleU
pue oljewslsAs

aAlyeleU
pue oljewo)sAs-UoN

aAljelleu
pue o1ews1sAs-uoN

aAljBL_U
pue oljews)sAs-uoN

sisAjeue

-BloW YHM ol1ewalsAs

aAleLeU
pue 211ewa1SAs-UoN

aAljelleu
pue oews1sAs-uoN

aAljeL_U
pue oljews)sAs-uoN

aAleLRU
pue oljews)sAs-UuoN

v10S

0c0¢

610¢

v10¢

610¢c

010¢

610¢c

910¢

610c

/210

610¢

2¢/e 10 bueyz
/B 19 Slwissey|

oo/B 18 Uy}

«°bed
pue slaquiey)

o/B 18 ZNWIONYS

142 18 Joqeg

o8 18 1909

mw\m
18 slaquieyn

g_—:m..v‘
pue us||y

¢,/B 18 Olequeg

<2I® 18 BlBIN 8Q

‘pasinbal aJe saipnis 228
2J0|\ “uonuaAIIUl Aleuolod snosueinosad aAljelleu 18 Iyebnojen
apinb ueo Buibew JejnoseAeiu| JusWiEaJ} pUB UOIIBN[BAS JO MBIAIBAQ X X X X X X X pue oljewsisAs-uoN 1202 ey

1S N X3 d4 OS NO VO vd
uoISN|OUOD J0 }INSaJ ‘UoI}BpPUBWIWIOIY asod.nd pajeirs passasse sanbiuyosa) adA} mainay Jeap Joyiny
suolse| Aleuolod paiioeo yum siusized ul sanbiuyosl suoijusaiaiul Aleuolod snosueinaiad JO SMaIAa) paysiiand | algeL

Torp Kristensen A, et al. BMJ Open 2022;12:¢063884. doi:10.1136/bmjopen-2022-063884


http://bmjopen.bmj.com/

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

. 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 crossover, study-defined
procedural success.

7. Procedure duration, fluoroscopy time, contrast dose.

Qo

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, Medical Literature Analysis
and Retrieval System Online, Latin American and Carib-
bean Health Sciences Literature, Science Citation Index
Expanded and Excerpta Medica database from inception
to 31 October 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
online supplemental file 1.

Data collection
The review will be reported as recommended by the
PRISMA statement.”

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
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 randomised participants, number of participants
(analysed, 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 (V.2) using five bias domains, each classified as either
low risk of bias, some concerns or high risk of bias.”' Bias
assessment will be conducted on an outcome level.

Bias arising from the randomisation process

Low risk of bias: adequately concealed allocation and
absence of baseline imbalances between groups, and
random or unpredictable method to generate the alloca-
tion sequence. Some concerns: (1) adequately concealed
allocation and a problem with the method of sequence
generation or baseline imbalances that suggest a prob-
lematic randomisation 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 signalling questions.
High risk of bias: (1) allocation sequence not adequately
concealed or (2) there is no information about conceal-
ment of the allocation sequence and baseline imbalances
that suggest a problem with the randomisation process.

Bias due to deviation from intended interventions

Low risk of bias: (1) if participants, carers and people
delivering the interventions were unaware of randomisa-
tion 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 analysed in a group that the partic-
ipant 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 devi-
ations 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 partic-
ipants were analysed in the wrong intervention group,
and there was potential for substantial impact on the esti-
mated effect size.

Bias due to missing outcome data

Low risk of bias: data were available for all, or nearly all
randomised 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, differ-
ential missing data and no evidence that the effect esti-
mate is robust to missing data.

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 inter-
vention received. High risk of bias: the outcome assess-
ment was likely to be influenced by knowledge of the
intervention received.
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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: insuf-
ficient 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 are 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.

Measurement of treatment effect

Continuous outcomes

Mean differences with 95% CI and trial sequential anal-
ysis adjusted 95% CI will be calculated.

Dichotomous outcomes
Risk ratios (RRs) with 95% CI and trial sequential analysis
adjusted 95% CI 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 second by the I” statistic’ ™ and the restricted
maximum likelihood method.* ** It may be decided that
meta-analysis is inappropriate if heterogeneity is high.

Data synthesis

Results of each type of intervention will be analysed sepa-
rately based on intention-to-treat data. Rstudio and Stata
V.16 (StataCorp LLC) will be used for analyses.

Meta-analysis

Meta-analysis will be conducted according to the
Cochrane Handbook of Systematic Reviews of Inter-
Ventions,m Keus et al,36 and Jakobsen et al’” and supple-
mented by trial sequential analysis. Intervention effects
will be analysed 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.”

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 I and type II errors due to accumulating
data.” Trial sequential analysis will be performed on
all outcomes to calculate the required information size
(number 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.”® ** 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 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 diver-
sity as suggested by the trials in the meta-analysis.

Network meta-analysis

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 analysed separately and not
grouped. The characteristics of the trials and their popu-
lations will be described by frequencies and percentages
for dichotomous data and means with SD for continuous
data. Descriptive statistics for each treatment compar-
ison 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 treat-
ments. Furthermore, the connecting lines will be marked
according to the average risk of bias per treatment compar-
ison, 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 randomised
to each intervention in the comparator set. The analyses
will be conducted using Stata under frequentist frame-
work (command: mvmeta).*

Network meta-analysis will only be conducted if a
connected network of trials can be constructed. If
conducted, the assumptions of transitivity and consis-
tency 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 consis-
tency will be evaluated using the design-by-treatment
interaction model as a global test. ! #2 Third, a network
forest or interval plot is made to illustrate the summary
effect size of the comparative effectiveness of the inter-
ventions. Fourth, is to calculate the cumulative rankings
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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, mean difference, or stan-
dardized mean difference), a 95% CI, and a 95% predic-
tion interval.

Planned subgroup analyses

For trials comparing stent types, the following categories
will be applied: (1) bare-metal stents, (2) first-generation
drug-eluting stents and (3) later-generation drug-eluting
stents.

Summary of findings table

For each prespecified outcome, a summary of findings
table will be created. The five Grading of Recommen-
dations, Assessment, Development and Evaluations
(GRADE) considerations (bias risk, consistency of the
effect, imprecision, indirectness and publication bias)
will be used to assess the certainty of the evidence.*
Imprecision will be assessed using trial sequential anal-
ysis. 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 percu-
taneous coronary intervention and are a risk factor for
short-term and long-term complications.” ' Several treat-
ment 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®” and the Cochrane Handbook for
Systematic Reviews of Interventions.”’ 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 assess-
ment of all available 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 next ma in) or stenos* or

ischemic heart disease™*)
#5 #1 or #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 #11 or #12or#13 or #14

#16 #5 and#9 and #14

MEDLINE Ovid (1946 to the date of the search)

1. exp Coronary Artery Disease/

2. exp MyocardialInfarction/

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

S. 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-heading word, keyword heading word, organism supplementary concept word, protocol supplementary
concept word, 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-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,

synonyms]

15. 10orl1lorl12or13orl14

16. Sand9 and 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-heading word, keyword heading word, 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,heading word, drug trade name, original title, device manufacturer,drug
manufacturer, device trade name, keyword heading word, floating subheading word, candidate term word]

4. lor2or3

5. exp calcification/

6. exp cardiovascularcalcification/

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 subheading word, candidate term
word]

8. Sor6or7

9. exp coronary angiography/

10. exp percutaneous coronary intervention/

11. exp percutaneous transluminal angioplasty/

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,heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword hea ding word, floating
subheading word, candidate term word]

15. 9orl0or1lorl12or13or 14

16. 4 and8and 15

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

18. (random* or blind* or placebo*).mp. [mp=title, abstract,heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word, 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 $ or percutaneous
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 TI=(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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