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RESUMO

Introducéo

Ocluséo total cronica (CTO) é encontrada por rotina em doentes que sao submetidos a
angiografia corondria. Nos Ultimos anos as taxas de sucesso das interven¢des coronarias
percutaneas (PCIs) nestes doentes tem aumentado, resultado das melhorias técnicas e de
materiais utilizados, sem comprometer, contudo, a seguranca do doente. Tivemos como
objetivo descrever as caracteristicas, 0s aspetos procedimentais e os resultados clinicos de
um programa estruturado de PCI CTO.

Métodos

Conduzimos um estudo prospetivo de coorte, incluindo todos o0s doentes consecutivos que
entraram no nosso programa desde Dezembro de 2013. Foram recolhidos dados
angiograficos e clinicos. Definimos 0 outcome primario para seguranga como as complicacées
peri-procedimentais e o outcome primario para eficacia como o sucesso procedimental. Foi
conduzido um follow up mediano de 508 dias. Os endpoints secundarios analisados em follow
up incluiram morte, enfarte agudo do miocardio (EAM) e revascularizacdo da leséo alvo;

classes CCS e NYHA,; fracdo de ejecdo do ventriculo esquerdo (LVEF).

Resultados

195 doentes com um total de 202 CTOs foram incluidos. Maioria era hipertensa (79.3%), tinha
dislipidemia (82.4%) e um indice de massa corporal (IMC) >25.kg.m? (87.1%); 35.6% eram
diabéticos, 32.6% eram fumadores e um terco tinha antecedentes pessoais de EAM. A
indicacéo para CTO PCI era angina em 78.0%, insuficiéncia cardiaca em 9.2% e arritmias
ventriculares em 1.2%. Doencga coronaria multivaso era presente em 54.5%. Em termos da
técnica utilizada, 89.7% foram abordados por via anterdgrada com escalonamento de fios. O
score J-CTO médio foi de 2.0+0.8, mostrando maior capacidade em prever 0 sucesso

procedimental que o score EuroCTO (CASTLE).

A taxa de sucesso das intervencdes foi de 92.8% (85.6% na primeira tentativa). O outcome
primério para a seguranga ocorreu em 9 doentes. Durante 0 seguimento, 7 doentes morreram
(2 de causa cardiovascular). Admisséo pelo EAM ocorreu em 3 doentes. Revasculariza¢do da
les&o alvo ocorreu em 5 doentes. Grau CCS decresceu apos CTO PCI com sucesso em 90.3%
dos doentes (2.1 £0.9 vs 0.6£0.6, p<0.01). Houve uma subida significativa do LVEF em follow
up (48,73+10% vs. 52,55+8,26%, p=0.01).



Conclusao

Durante a implementac&o de um programa dedicado a CTO PCI, atingiu-se uma elevada taxa
de sucesso e uma baixa taxa de complicacdes. CTO PCI com sucesso foi associado a um
importante alivio sintomatico e um aumento significativo do LVEF. Score J-CTO permanece o
melhor preditor de sucesso da intervengdo em causa, pelo que o uso de outros e mais

complexos scores ndo mostrou ser vantajoso.

Palavras-Chave:
Ocluséo total cronica, Intervencé@o coronéaria percutanea, Revascularizacdo, Doenca arterial

coronaria, Seguimento.
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ABBREVIATIONS

6MWT: 6-minute walk test

BMI: body mass index

CABG: coronary artery bypass grafting
CCS: Canadian cardiovascular society
CMR: cardiac magnetic resonance

CREF: chronic renal failure

CTO: chronic total occlusion

CV: cardiovascular

CVA: cerebral vascular accident

LBBB: left bundle branch block

LVEF: left ventricular ejection fraction
MACCE: major adverse cardiac and cerebrovascular events
MACE: major adverse cardiac events

MI: myocardial infarction

MT: medical therapy

NYHA: New York heart association

PCI: percutaneous coronary intervention
TIMI: thrombolysis in myocardial infarction
TVR: target lesion revascularization

URL: upper reference limit



ABSTRACT

Background

Coronary chronic total occlusions (CTOs) are routinely found in patients undergoing coronary
angiography. In recent years, the success rate of CTO intervention has increased, driven by
advances in material and interventional techniques, without compromising patient safety. We
aimed to describe the characteristics, procedural aspects and clinical outcomes of a structured
CTO program.

Methods

We conducted a prospective, cohort study including all consecutive patients enrolled in our
CTO program since December 2013. Angiographic and clinical data were collected. We
defined a co-primary safety outcome as procedure-related complications and a co-primary
efficacy outcome as procedural success. A follow-up with a median duration of 508 days was
conducted. Secondary, exploratory endpoints during the follow up included death, myocardial
infarction (MI), target lesion revascularization (TVR), CCS grade, NYHA class and impact on

left ventricular ejection fraction (LVEF).

Results

A total of 195 patients with 202 CTO lesions were included. Most patients were hypertensive
(79.3%), had dyslipidemia (82.4%) and a body mass index (BMI) > 25.kg.m? (87.1%); 35.6%
were diabetic, 32.6% were smokers and a third had a prior history of MI. The indication for a
CTO PCl was angina in 78.0%, viable heart failure in 9.2% and ventricular arrhythmias in 1.2%.
Multi vessel coronary disease was present in 54,5%. Regarding the technical procedure,
89.7% of PCI CTOs were performed via the anterograde approach with wire-escalation
technique. The mean J-CTO score was 2.0+£0.8. J-CTO and not EuroCTO (CASTLE) score
predict successful CTO PCI.

The overall success rate for CTO PClIs was 92.8% (85.6% with one attempt). The primary
safety co-endpoint occurred in 9 patients (4.0%). During follow up, 7 patients (4.6%) died (2 of
cardiovascular causes). Admissions for Ml occurred in 3 patients (1.5%). TVR occurred in 5
patients (2.6%). CCS grade decreased following a successful CTO treatment in 90.3% of
patients (2.1 +0.9 vs 0.6+0.6, p<0.01). LVEF significantly increased (48,73+10% vs.
52,5548,26%, p=0.01) after a successful CTO intervention.



Conclusions

During implementation of a dedicated CTO PCI program a high success rate with low rate of
complications were achieved. A successful CTO PCl was associated with important
symptomatic relief and a significant increase in LVEF. J-CTO score remains the best
predictors of successful CTO and the use of other more complex scores did not seem to be
advantageous.

Keywords
Chronic total occlusion, Percutaneous coronary intervention, Revascularization, Coronary

artery disease, Follow up.



INTRODUCTION

Chronic total occlusions (CTOs) are present in approximately 15-25% of patients undergoing
coronary angiography and in 25-50% of those with significant coronary disease [1].
Historically, these lesions have often been managed either with medical therapy (MT) or
coronary artery bypass grafting (CABG) because of their complexity and low interventional
success rates. Previous studies showed that only a minority of CTO patients underwent
percutaneous coronary intervention (PCI) (10-11%), being most of them treated with a
conservative MT (49-67%) or referred to CABG (25 -40%) [2,3].

Over the past decade, introduction of a variety of dedicated CTO devices combined with
advances in interventional techniques and operator experience have led to higher rates of
procedural success, without sacrificing patient safety. With contemporary equipment and
techniques, high success rates (85% to 90%) are achieved at experienced centers [4].
However, success rates in unselected populations remain low: 61.3% in the New York State
PCI Registry and 59% in the U.S. National Cardiovascular Data Registry (vs. 96% in non-
occlusive lesions) [5,6]. Therefore, there is a gap between what is achieved at dedicated CTO
centers and the outcomes at less experienced centers. Bridging this gap remains a challenge

and should be a major focus of current research.

Several observational studies showed a clinical benefit of CTO PCI by improving angina,
dyspnea, depression and exercise capacity. These studies also suggested lower mortality,

lower incidence of major adverse cardiac events (MACE) and lower risk for arrhythmias [1].

Achieving clinical benefit in CTO PCI requires the procedure to be successful. Accurate scoring
systems to grade the difficulty of cases is a valuable tool for appropriate case selection and
planning. The first CTO PCI score was the J-CTO (Multicenter CTO Registry of Japan) score
that was developed to estimate the likelihood of successful guidewire crossing within the first
30 min of the procedure, based on 5 criteria [7]. Other scores proposed include the
PROGRESS-CTO, RECHARGE, CL score and ORA scores [8-11]. One study showed that the
various scores had similar predictive capacity for technical success and that they performed
better in antegrade-only cases [12]. More recently, Szijgyarto et al [13], using the EuroCTO
registry, analyzed the factors influencing technical success and derived and validated a simple
model to predict a successful CTO PCI, EuroCTO (CASTLE) score.

Our purpose was to evaluate the peri-procedural revascularization results and clinical
outcomes of a structured CTO program and evaluate the predictive power of two CTO

stratification scores, J-CTO and EuroCTO.



METHODS
Study population

We conducted a prospective, observational cohort study including all consecutive patients
enrolled in a CTO program implemented since December 2013 in tertiary care hospital. The
choice of the appropriate CTO revascularization technique took into account the angiographic
characteristics of the lesions and operator skills with an antegrade or a retrograde technique.
The sequence of use of these wiring techniques and the guidewire selection was completely

left to the operator’s discretion.

After collecting an informed consent, the participating physicians prospectively inserted all data
into a database. Clinical data included patients age, risk factors, previous history of myocardial
infarction, chronic renal failure (CRF) (defined as an estimated creatinine clearance <60
mL/min), clinical presentation, left ventricular ejection fraction (LVEF) and ischemia/viability
results. Angiographic data included the CTO artery, presence of multi-vessel coronary disease,
the SYNTAX score and the Japanese CTO (J-CTO) score. Procedural data were also
collected: location of vascular access, the used technique, result of PCl and peri-procedural

complications.

Coronary CTOs were defined as complete occlusion (thrombolysis in myocardial infarction
(TIMI) grade 0O flow) of at least 3 months duration, in a major coronary artery [2]. J-CTO score
calculation was performed according to the original description by Morino et al [7]. Morphology
of the entry point was classified as “tapered” if the occluded segment ended in a funnel-shaped
form or “blunt” if it did not; occlusion length was measured from the proximal occlusion to the
distal retrograde filling from contralateral collaterals and was estimated from angiographic
projections visually with single or dual-contrast injections; presence of calcification was visually
estimated on fluoroscopy. The degree of development of retrograde collaterals was based on

a collateral grading system of 0 to 3, according to the Rentrop and Cohen classification [14].
Follow up and endpoints

The follow-up was performed either by a clinical visit or hospital database consultation and

had a median duration of 508 days (interquartile range 278-1084 days).

Data regarding major adverse cardiac and cerebrovascular events (MACCE) occurrence,
Canadian cardiovascular society (CCS) angina grade, NYHA class assessment and impact on
LVEF were collected. The study was carried out in accordance to the Helsinki declaration; the

ethics committee approved the protocol.



We defined a co-primary safety outcome as a procedure-related complications — vessel
dissection, side branch occlusion, thrombosis, perforation, ventricular arrhythmia, myocardial
infarction (MI), cerebral vascular accident (CVA), vascular access complications and death. A
co-primary efficacy outcome was set as a procedural success, defined as a final residual
stenosis <30%, with an anterograde TIMI flow grade 3 after stent implantation [2].

Secondary, exploratory endpoints included death, MI, target lesion revascularization (TVR);
CCS grade and NYHA class assessment; impact on LVEF on follow up. Criteria for acute Ml
followed the new universal definition of MI: detection of a rise of cardiac biomarker values
(cardiac troponin with at least one value above the 99th percentile upper reference limit (URL))
combined with either symptoms of ischemia, new or presumed new significant ST-segment or
T-wave changes, new left bundle branch block (LBBB), development of pathological Q-waves
in the electrocardiogram, new regional wall motion abnormality, or identification of an

intracoronary thrombus by angiography or autopsy.
Statistical analysis

Categorical variables are presented as a percentage and continuous variables with normal
distribution as mean + SD, otherwise as median with interquartile range was used. Categorical
variables were compared using the Fisher's exact test. A p-value 0.05 was considered
statistically significant. A hierarchical multivariable logistic regression model was used to
evaluate independent correlates of successful CTO PCI among patients undergoing CTO
PCls.
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RESULTS
Baseline characteristics of population and procedural aspects

A total of 195 patients (mean age 66+10 years, 81% male) with 202 CTO lesions were
included. Baseline characteristics and clinical information of study population are shown in
Table 1. Most patients were hypertensive (79.3%), had dyslipidemia (82.4%) and a body mass
index (BMI) > 25 kg/m? (87.1%); 35.6% had diabetes mellitus type 2, 32.6% were smokers and
a third had a prior history of MI. The indication for a CTO procedure was refractory angina in
78.0%, heart failure with viable myocardium in 9.2% and refractory ventricular arrhythmias in
1.2%.

Table 1 Baseline characteristics and clinical information of study population

Characteristic

Patients, n 195
Age, years (mean = SD) 66+10
Male sex (%) 81.0
Smoking (%) 32.6
Diabetes mellitus type 2 (%) 35.6
Dislipidemia (%) 82.4
Arterial hypertension (%) 79.3
BMI > 25 kg/m? (%) 87.1
Previous Ml (%) 30.0
Indication for CTO PCI
Angina (%) 78.2
Viable heart failure (%) 9.2
Ventricular arrhythmias (%) 1.2

BMI denotes body mass index; MI, myocardial infarction.
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Table 2 shows the procedural details of the CTO procedures. The occluded artery was more
frequently the right coronary artery (42%) in comparison with left anterior descending (37%),
followed by the left circumflex (20%). In 89.5% of cases, CTO PCI was attempted for the first
time, while 10.6% of cases had more than one previous failed attempt; 54.5% of patients had
multivessel disease. Contralateral injection was used in half of the cases (51.3%). Regarding
the technical procedure, 89.7% of PCI CTOs were performed via the anterograde wire-
escalation technique; dissection re-entry technique was used in a minority of antegrade cases
(2.4%). A retrograde strategy was utilized in 10.3% of cases in our cohort. Intravascular
imaging with intravascular ultrasound was performed in 17.2% of cases. The mean J-CTO

score was 2.0+0.8.

Table 2 Procedural details of CTO PCI

Characteristic

Procedures, n 202
Target artery:

Right coronary (%) 42.1

Left anterior descending (%) 37.9

Left circumflex (%) 20.0
Multivessel disease (%) 54.5
Bilateral injection (%) 51.3
Anterograde wire escalation technique (%) 89.7
Retrograde technique (%) 10.3
Intravascular imaging use (%) 15.3
IVUS (%) 17.2
J-CTO score (mean + SD) 2.0£0.8

IVUS denotes intravascular ultrasound.

12



Primary and secondary endpoints

The primary efficacy co-endpoint (procedure success rate) occurred in 92.8% of patients (in
85.6% at the first attempt). The primary safety co-endpoint occurred in 4.0% of patients (9
patients) and included: stroke in peri procedural period in 1 patient, perforation in 3 patients (1
needed pericardiocentesis), local hematoma in 2 patients and distal embolization/important

side branch occlusion in 3 patients.

Secondary endpoints incidence during follow-up included 7 (4.6%) mortality events, 2 of them
cardiovascular deaths (not-procedure related). Admissions for Ml occurred in 3 patients
(1.5%). TVR occurred in 5 patients (2.6%) (Table 3).

Table 3 Primary and secondary endpoints

Procedure related endpoint

Procedure success (%) 92.8

Procedure Complications, n (%) 9 (4.0)

Stroke, n 1

Perforation, n 3

Local hematoma, n 2

Side branch occlusion, n 3
Follow up

Global mortality, n (%) / CV death, n (%) 6(4,00/2(2,2)

MI, n (%) 3(1,5)

TVR, n (%) 5 (2,6)

CV denotes cardiovascular; Ml, myocardial infarction; TVR, target vessel revascularization.

Regarding symptoms, the CCS grade decreased following a successful CTO treatment in
90.3% of patients (2.1 +0.9 vs 0.6£0.6, p<0.01) (Figure 1). Regarding LVEF, we found a
significant increase (48,73+£10% vs. 52,55+8,26%, p=0.01) after a successful CTO intervention
(Table 4).

13
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Figure 1 CCS grade before CTO PCI and on follow up
Table 4 NYHA class and LVEF before CTO PCI and on follow up
Variable Baseline Follow up P-value
NYHA class
I 42.9% 81.6%
1 46.4% 12.3% 0.08
I 10.7% 4.1%
v 0% 0%
LVEF (mean + SD) 48,73+10% 52,5548,26% 0.01

LVEF denotes left ventricular ejection fraction

14



Comparison of demographics and risk factors of patients with successful and failed
CTO PCls

In Table 5, we compare the characteristics of patients with failed CTO PCI and patients with a
successful CTO PCI. Both groups were similar regarding cardiovascular (CV) risk factors
prevalence and baseline clinical characteristics. The presence of a higher J-CTO score and

the use of bilateral injection were predictors of success in univariate analysis.

Table 5 Comparison of demographics and risk factors for patients with successful and failed CTO PCls

Variable Successful CTO Failed CTO P-value

Age, per year (mean) 65.5 66.7 0,51
Male sex (%) 80.4 87.1 0.37
BMI >25 kg/m? 28.2 28.5 0.73
Arterial hypertension (%) 79.3 77.4 0.80
Diabetes mellitus type 2 (%) 36.4 51.6 0.10
Dyslipidemia (%) 82.1 90.3 0.26
Chronic kidney disease (%) 17.5 15.8 0.86
Previous MI (%) 50.9 53.6 0.79
SYNTAX score 19.3 18.3 0.73
LVEF (%) 48.5 49.9 0.44
J- CTO score, per unit 1.8 2.4 0.01
EuroCTO (CASTLE) score,

per unit 1o ol 088
Retrograde approach (%) 73.1 22.6 0.05
Bilateral injection (%) 51.1 32.3 0.03

BMI denotes body mass index; LVEF, left ventricular ejection fraction; MI, myocardial infarction.

15



On a hierarchical multivariable logistic regression model (Table 6), we found that the only
significant independent predictor of success was the J-CTO score. We also evaluated the
performance of a new EuroCTO (CASTLE) score, but it did not show better discriminative
capacity than the commonly utilized J-CTO.

Table 6 Significant risk factors for CTO PCI success: hierarchical multivariable logistic regression model

Variable Hazard ratio (95% CI) P-value
Age, per year 0.969 (0.907-1.035) 0.348
Male sex 0.611 (0.118-3.178) 0.558
Arterial hypertension 1.061 (0.244-4.613) 0.937
Diabetes mellitus type 2 1.117 (0.358-3.482) 0.849
Chronic kidney disease (%) 1.095 (0.230-5.231) 0.909
J-CTO score, per unit 0.145 (1.662-28.806) 0.008
EuroCTO (CASTLE) score, per unit 2.007 (0.845-4.763) 0.114
Bilateral injection 3.046 (0.974-9.525) 0.056

Cl denotes confidence interval.

16



DISCUSSION

In this study, we present the results of the implementation of a dedicated CTO PCI program in
a tertiary care center. The prevalence of male gender and traditional CV risk factors is high
and as reported in other studies. Notably, more than fifty percent of our population had a multi
vessel coronary disease and multiple CTO lesions affected 9.1% of patients. These findings
were like those reported in the European Registry of CTOs (ERCTO registry), confirming that
CTO lesions are associated with an extensive atherosclerosis burden. Differently from
Canadian multicenter CTO and Italian registries [2,3,15], where only 13% reported no or only
mild symptoms (CCS class 0/1) and where almost a quarter of patients were completely
asymptomatic, respectively, in our cohort >90% of patients had angina or symptoms of heart

failure.

The overall success rate for CTO PCls was 92.8% (86% with one attempt). With contemporary
equipment and techniques, high success rates (85% to 90%) are achieved at experienced
centers. However, there is a gap between what is achieved at dedicated CTO PCI centers and
the outcomes at less experienced centers. An annual volume of at least 500 PClIs with a
presence of a CTO operator was a prerequisite for each study center in Decision CTO trial
[16]. This inclusion criteria highlight the importance of a structured program implementation for

success of procedure.

In our cohort, the CCS grade and NYHA class decreased following a successful CTO
treatment. In the OPEN-CTO registry, that analyzed 1.000 consecutive patients undergoing
CTO PCI with the hybrid approach using standardized questionnaires, a 10.8 points (95% CI:
6.3 to 15.3) improvement in the quality-of-life domain of the Seattle Angina Questionnaire was
observed among successful versus unsuccessful procedures (p < 0.001) [17]. Peri-Okonny et
al [18], including 869 patients enrolled in this registry, showed that the proportion of patients
that exercised regularly increased from 33.5% at baseline to 56.6% 12 months after CTO PCI
( p<0.01). Rossello et al [19], in a prospective study including 47 consecutive patients with
successful percutaneous recanalization of CTO underwent adenosine stress cardiac magnetic
resonance (CMR), 6-minute walk test (6MWT), and the Short Form-36 Health Survey before
and 6 months after the procedure. A successful recanalization of a CTO was followed by a
significant improvement of global physical and mental health status, the distance walked in the
6MWT, the incidence of chest pain at the end of the 6MWT and the ischemic burden index
evaluated by CMR. Additionally, patients with greater CMR ischemic index before PCI showed
better improvement in the 6MWT. Two other studies [20,21] performing cardiopulmonary
testing before and after CTO PCI showed an increase in peak oxygen consumption and

anaerobic threshold after a successful CTO PCI.

17



Achieving clinical benefit with CTO PCI requires the procedure to be successful. A few scoring
systems have been developed over the years to predict successful PCI. Morino et al [7]
published the J-CTO score in 2011, derived from 400 CTO cases. This study identified 5
characteristics associated with failure to pass an antegrade guidewire across the occlusion
within 30 min. The characteristics included a previous failed attempt and did not include
previous CABG (widely recognized to be an adverse feature). More recently, a new tool, the
EuroCTO (CASTLE) score [13] was derived and validated from the Euro CTO registry and
seems to have a greater discriminative capacity, compared with the widely used J-CTO score.
It incorporates 4 factors that are included in J-CTO - stump anatomy, tortuosity, length of
occlusion and extent of calcification. Importantly, however, it also includes 2 additional
variables - prior CABG and age, both of which are objective and not open to operator
interpretation. In our cohort, however the application of this score did not present greater
discriminative capacity regrading J-CTO score. Furthermore, none of clinical characteristic was
predictor of a successful PCI. The only factors that independently predict the success of CTO
PCI were the characteristics of lesion as assessed by J-CTO score and the use of bilateral

injection.

18



LIMITATIONS

Limitations of our study include the fact that it is limited to a single center, so the findings may
not be generalizable. Angiographic data were obtained by visual assessment rather than by
guantitative coronary analysis, thus, we cannot eliminate operator-related bias. We did not use
stress testing to determine the impact of CTO treatment in functional class or CCS grade. As

a result, we cannot exclude a placebo effect.

19



CONCLUSIONS

During the implementation of a dedicated CTO PCI program, a high success rate with a low
rate of complications were achieved. A successful CTO recanalization was associated with a
significant symptomatic relief and a significant increase in LVEF. The J-CTO score remains
the best predictor of a successful CTO.

20
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APPENDICES

APPENDIX 1

IV. ManuscesrT PREFARATION AND SUBMBESION
#. Preparing a Manuscript for Submission to a Medical
Joumal
1. Genogl Pinciphes

The text of artides repoming original research is wm-
ally divided imto Imtroduction, Methods, Remlrs, amd Dis-
cussion sections. This so-alled “[MEAD™ amouse is pot
an arhitrary pobliction fommat b 2 reflection of the pro-
wzss of scientific discovery. Anicles often nead subheadimgs
withim these sertions to farther copamiee their oncest.
Oither types of antides, soch 25 meta-amalyss, may require
different formats, whils case reports, namative reviews, and
cdivorials may have less wmcored or unstneciured fomatis.

Electromic formats heve crested opporinnities for add-
inp de=tails or seciions, layering information, cros-linking,
of eproing pontioss of anides in degronic wesions.
Supplememary elexronic-only maserial should be submit-
ied and meni for peer review aSmmlianecsmdy with the pri-
Mary MaEmsCTipL

2 Reporting Guidalings

E:p-c-:n:lrtg_gmd.cl.u'ru have heen developed for differem
-simiement.ofp] for randomived mials, STROBE for obser-
vatioeal stodies (hitpe!f strobesavement ongf), PRISRA
for sysiematic reviews and metz-analyss (hitpaipr=ma
-sigiement.orgl], and STARLY for sudies of depnosic aom-

ey (hapiwssequinr-nerwork. ofpd reponinp-goidel ines
.I':n'.::-:ll'] Joarmals are enconraped to @k smthors o follow
these puiddines bocause they help suthors describe the
sudy in enouph detail for i to be evalugied by editors,
reviewers, readems, and other ceseanchers evalugiing the
medial hiersure Authors of review masuscripis are en-
couraped 1o describe the methods wssd for kocating, sdec-
inp, exiracting, and synihesiving dates this &= mandatory for
wysiemaric reviews. Good soures for reporting: puiddines
are the BEQLUATOR Merwork {wew equator-metwnrk orp
dhome') and the NLM's Besmrch Reporting CGuidelines
and Initiatives {www.nlm.nih. gow'serviosresearch_repon
_pmide haenl].

1 Manusoipt Sections
The following are peneral roquirements for reporting
within semions of all sudy desipns and masmsmips formas.

4 Tide Page

Gemeral information abowt an anide and its aoihors
is presenied on 2 maemsmipt tiths pape and waolly in-
chides the aride e, asthor information, any disdaimers,
souwrces of mupport, word count, and sometimes the som-
her of tables and fipores.

Arnicle mude. The title provides a distilled description
of the complete amicle and should indude imformation
that, alonp with the abstrac, will make decimomic re-
trieval of the artide semsitive and specific. Keporting

EEEEIY

puidelines recommend and some joumnals requine thar
information about the sudy desipn be 2 pant of the tile
{particolarly important for ramdomized triak and sys-
tematic reviews and meta-analyss]. Some jourmals re-
quire 2 short title, wnmlly o more than 4 characters
{incdhading letters and spaces) on the title pape or a5 a
separate emtry im an seornoaic submiskon sysem. Elec-
tromic submistion sysems may resrict the number of
characiers in the tigle.

Aurker infemanon. Each auwrhor's hiphest amdemic
depress should be lisied, althouph some jowmals do not
pablish these. The name of the department(s) and institu-
tiom{s) or orpanizations where the work should be aririb-
mied shonld be spedfied Mo decronic suhmission sys-
tems require that authors provide fill costac information,
induding lamd mail and e-mail addreses, bat the tite page
shoold lis the commesponding authors” tedephone and fax
mumbers amd &-mail addres. ICMIE encoursges the listing
of authors” Open Fesmrcher and Conriboior ldeniific-
tinm (COVRCIDN.

Dvscdrtmeers. An eample of 2 disdaimer is an auihor’s
statemaent that the views expressed in the submitted articls
are his or her own amd not an offical position of the inst-
tution or fumder.

Sourei} o mipporn. These indude pramis, squipmen,
dropz, amdior cther suppornt that fadlitarsd condod of the
work desgibed in the amide or the wrting of the anide
it

Werd' counr. A word connt for the paper’s text, sxclud-
ing s absrac, ackmowledgments, @hles, figure kepends,
and references, allows oditors and reviewess Do assess
whether the information contained im the paper war-
ramis the paper’s lempth, and whether the snbmirbed
manuscript fits within the jowrnal’s formats and word
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culural factors), and, unlss inappropriate, report the sex
and'or pender of siudy panicipants, the sex of amimals or
cdlls, and desmibe the methods used o determine sex and
gender. If the smdy was done imwolving an esdusive pop-
ulation, for sxampde in only one sex, authors should justify
why, =cept im obvious @sss (ep, prosate cancer]. Au-
thoes should define how they determined race or ethnicity
and justify their rdevance. Authors should use neutral, pee-
cisz, and respecrfid languaps o describe sudy participamts
and zvoid the use of erminclogy that might sipmatize
participans.

L. Technical Infnmeatinn

Epedfy the sodys main and s=mndary ohjetives—
unmlly identified as primary and seosdary owicomes.
ldentify methods, equipment (pive the mammfacherer's
name and addreess im parentheszs), and proesdors in aeffi-
ciemt detail 1o allow others to reproduce the remds. Give
referemoes o emmblished methods, induding saristical
methods {se belowls provide references amd brief desorip-
ticns for methods that have beem published but are not
werll-known; describe mew or substandally modified misth-
ods, give the rmsons for weng them, and evaluaie ther
limitations. ldesaify pracisdy all drops and chemicls meed,
induding pemeric name(s), dose{s), and rowisls) of admin-
itration. [dentify appropriaie scentific names and pene
names.

L Sxbsties

Describe statistical methods with enouph deil 1o en-
ahle a knowledpeable reader with aocess to the original data
o judpe its appropriatenss for the sody and 1o venify the
reponied pesulis. When possible, guantify findings and
pre=ent them with appropriate indicavors of masurement
ermor of umceriaingy {such as confidence inbermls). Avoid
relying solely om satiric] hypochsis wsting, swch as P
valmes, which fail 1o convey imponant information ahour
effect size and predsion of estimates. Referenoes for the
design of the smdy and siatitic] methods should be o
sandard works when possible (with papes simiad]. Define
the saristical software packapss) amd verdsoms wed. [V
timguizh prespedfied from exploratory analys=, induding
subgroup analyses.

& Resul

Present youwr resulis in lopical sequemce in the text,
tables, and fipures, giving the main or most imporant
findings first. [he mot repeat &l the datz in the tahles or
fipores im the texts emphasire or summarize only the mos
important chservations. Provide data on all primary asd
semnddary cuttomes identified in the Mehods section. Ex-
tra or supplementary materials and techmicl dewils cn be
placed in an appendiv wheee they will be acomsible b will
e CHE BT

not intermapt the flow of the text, or they @n be published
=iy im the dectronic vesion of the joormal.

Give pumeric results not only as dervatives (2., per-
centagrs) et alo as the ahsolate sumbers from which the
derivatives were cloulated. Regric mhles and Gpues
thiose needisd to explain the argiement of the paper and 10
aseess supporting data. LUlse graphe ax an altermnative 1o -
bles with many entries: do not duplicate data i graphs
amd tahles. Avoid montechmical wses of technical terms
in satimtics, such as “random™ {which implies 2 mndom-
ieing device), “normal,” “sgnificant,” “ooreatioss,”
and “mmple”

Separmie reponing of daia by demopraphic variables,
much e ape amd sex, facilize pooling of dara for meberoups
across gudies and should be routine, unless there are com-
pellimg reasons not o sirarify ceporting, which showld be
explained.

L DisnEsion

[t is mezful oo bepin the discussion by briefly summa-
ricing the main findings, and explose posible mechanisms
or explarations for these Gndings. Emphasioe the new and
imporant aspecis of your sudy amd put your findings in
the momtext of the toalicy of the relevant evidemce. State
the limitations of yowr sudy, and explore the implictions
of your indinps for fotwre research and for dinkcl praciice
or policy. Disouss the inSoence or asodation of vaniahls,
much a5 s andior pendes, on your findings, whese appmopri-
ate, and the limitations of the daa. Do not repeat in deail
datz or other information given im other parts of the mamu-
=ript, mut as in the |ermodistion or the Reuhs ssoion.

Link the coadusions with the goals of the study but
avord unqualified satements amd condusions not ade-
quately supported by the dma In pamiodar, distinpuish
ing statements on soonomic hemefits and ooss unles the
manuscript indudes the appropriate economic data and
analyses. Avoid daiming prionty or aloding to work tha
has not been mmplosd Seate new hypothess when war-
ranted, but labd them deady.

£ Roferonces
L Geneml Considoalions

Aunthors showld provide direct seferences to origimal
rezarch somrces whenever posible. Referenoes should moa
be used by awthors, editors, or peer reviewers to promotes
predatory or pseodo-joumnals. Althooph references to re-
wiew articles @n be an efficient way o puide readers to a
body of literarure, review anticles do not always reflec orip-
inal work acoumely. On the other hand, edensive lists of
referemces 1o original work on a topic n os excesdve
space. Fewsr references oo key onginal papers ofien serve a=
wdl a5 more exhaustive lists, pamicolarly since references
an now be added o the dlertromic version of puhliched

I1T
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papers, amd msnee cecdromic liceramore ssrching allows
readers oo retnieve published Inesure «fficently.

Fefierences 1o papers accepied b not vet
should be dsipnated &= “in pres® or “forthooming. ™ [nfior-
mation from manusipes swhmined but not accepted
shomld be cited in the text s “unpuhblished observations™
with written permission from the source.

Published artidles should referemce the mnique, persis-
tent idemtifiers of the datasers employed.

Avoid oting 2 “peromal commmanication” unles i
provides ssential informatics not awilable from a public
murce, in which e the mame of the pemon and daie of
communiation should be died in parentheses in the tet.
For scientific amicks, obizin written permistion and con-
firmation of acooracy from the source of 2 personal com-
mumication.

Eome bur not &l jourmals check the acooracy of all
referemor dtarions: thus, Crafon cIrors Smetimes appear
in the published wersion of anides To minimize sody er-
roes, referenos showld be verified using sither an dectromic
hiblingraphic sowrce, soch e PubMed, or print copies from
aripimal murce, Authom are respossible for cheding char
none of the references cite reaoal arides exoept in the
context of refeming to the retraction. For arisdes published
in jowmals indexed im MELDMINE, the 1CM]E considers
Publded the authoriative source for information abour
retrations. Anthomn an identify peraded artides im MED-
LUME by searching PobMed for “Retraced publication
|pt]™, whize the irm “m” i square brckes sands for
publicaiion type, or by going directly oo the Pubbdeds I
of retracted publictions (hetps/fwww.nichi.nlm.nih_gov
Jpubmed?term= retracted -+ publication + [pa]).

Fefierences shonld be pombered conseoutively im the
arder in which thiey aee fimt mentioned in the text 1 dentify
referemces in text, @hles, and lepemds by Anbic numenls
in paremtheses,

References cited only im table or fipoare lepesds thomld
e numbered im somedance with the sequence etablished
by the first identifiction in the text of the particular tahle
or fgure. The titles of journals should be abbrevizied ac-
oording oo the style meed for MEDLINE {wwwrmchinlm
-nih.pov/nlmcialogjounals). Journals wry om whether
they ask smthars to cite dectromic referemaes within paren-
theses in the text or in numbesed peferences following the
iext. Amihors should consol with the journal co which chey
plan to submit their work.

L Eie and Fommt

References should follow the sizndards summarnized in
the MLAMs [mernational Committee of Medical |owmal
Editors (I{CMJE] Recommendations for the Coaduct, Re-
ponting, Ediing, amd Publicrion of Scholady Work in
Medial Joumals: Sample Refesences (wwwenlm.nihogoy
Jbsdfumiform_pequirements.heml) webpage and deailed in
the MLM's Citing Medicine, 7! adition {wwer.nchi.nlm

-nihpowbookeNBEFI 56T, Thes: resounces are repulariy
updaiad a5 new media develop, and ourrently indude puid-
ance fior primt domumenes onpwhliched material; sodio and
visual madiz material o CILROM, DV, or dik: and
materizl om the [ntermnee

h Tables

Tahl= cpmre information ooncissy and display it
efficiemtly: they also provide information ar any desired
level of detail and precision. Imduding data in tables mrher
than text frequently makss it possible to reduce the lesgth
of the et

Prepare ubles somrding 1o the spedfic joumnal’s re-
quiremenes: o 2void erors it is best if mbles @ be direcly
imported into the joamal’s publication m&warne, Muember
tahles consecuirvely in the onder of ther first ciation in the
text and supply a tile for cach. Titles in tables showld be
shoont ot self-evplanatory, costaining: information that =l
lows readers to undersand the zble's contest withoum havy-
inp to g back to the text. Be sure thar ech table is cited in
the pext

Give ach column a shert or an abbreviated heading.
Authors should place explanatory matter in footnobes, mot
in the headimg. Explain all nonsamdand abbrevistioss in
foornotes, and use symbols o egplaim information if
neaded. Symbaols may vary from jowmal o joornal {=@lphs-
bet letter or sach symbaols &= *, 1, £, %), so check each
journal’s instructions for authors for requirad pracice
|dentify sarisical mesmuees: of variations, smch = sandaed
deviation and standard emor of the man

If you use daia from another published or onpublished
fudly.

Additional tables containing backup daia too edensve
1 puhlish in primt may be approprize for pobliction in
the elecironic wemsion of the jowmal, deposied with an
archival s=rvice, or made available o readers directly by the
authors. Am appropriate satement should be addad o the
text io inform readers thar chis additional information is
available and where it s locted. Sohmit auch ables for
considerstion with the paper m that they will be available
i the peer reviewers.

L IBusta Bors {Agwes)

[Hpiml images of manesmipt illusmarions shonld be
mrhmiried in a suitable formar for prine poblication. Mos
srbmission sysems have detailed instroctions o the qual-
ity of images and chodk them after masmscript npload. For
print submissions, fpures showld be sither professionally
dravn and photopraphed, or submiited as photographic-
quality digital prints.

For radiclopical and other dimical and diapnestic im-
apes, as well as picmres of patholopy specimens or photo-
micropraphs, send hiph-reohition photopraphic  imaps
files. Before-and-afier images should be taken with the

Lt EL ]
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same intensity, direction, and oolor of lipht. Since blots are
meed @ primary evidemce im many scemtific amides, editors
may require deposition of the original photopraphs of hlots
on ithe jowrmal's wehsiie.

Although some journals redmw fipures, many do not.
Letiers, numbers, and spmbok on fipures should therefore
be diear and consisient thronghowt, and lagpe enough o
remain bepible when the fipure is reduced for poblication.
Fipures should be made a5 sdfmplanacory as posable,
gmoe mamy will be wed disesaly in dide presentarions.
Tithes amd deiziled enplamations beloag in the legends—
not on the illusraions themsslves,

Photomicropraphs should have imternal scale mark-
ers. Symbok, arrows, or ketters wed in phoromicro-
graphs should contrast with the backprownd. Explain the
imtzrnal scale and ideniify the method of saiming in phe-
in

Fipures should be numbered conseoutively acoording
in the order in which they hawe been diied im the texi [T a
figure has beem published previously, acknowledpe the
onpinal muwrce and submit written permision from e
copyright holder 1o reproduce it Permission is required
imespedive of authomhip or publisher ewcept for doou-
ments in the public domain.

In the manuscript, bepends for illustratioss showld be
on @ separate page, with Ambic sumersk onrresposding to
the llustrarions. When symbols, arrows, numbers, or e
ners are used o idemtify parts of the illusmatioss, idenrify
and explain cach ome dearly in the kepend.

| Unik of M asurment

Mmmrrememts of kenpth, heipht, weight, and volume
should be repomed in metric anits (meter, kilopram, or
Iner) or their decimal muhiples

Temperatures should be in deproes Celsius. Blood
presures should be in millimeters of mercory, anles odher
units are specifically required by the jowmal.

Journals vary in the units they wse for ceporting hema-
mnlogic, dimial cemisiry, and other measuremens. &u-
thoms must cossult the Information for Aothaors of the par-
tioular joumal amd should repont laboraiony infarmation in
both local and [nternational System of Units (510,

Ediines may request that amthors add shermaiies or
non-51 umits, Smce 5] umits are mot oniversally used Dl'I.I.E_
ooncenirions may be reponsd in sther 51 oor mass umits,
but the shemaies should be provided im parencheses

whizre appropriate.

k Abbrviabiore and Spmbols

Llsz only siandard abbrevistions ne of nosstandard
abbreviations can be confosing oo seaders. Avoid ahbeevia-
tioes in the title of the manuscript. The spaled-cut abbes.
viatiom followed by the shbreviation in parenchesis dhould
be mead on fire mention unlex the abbeeviation is 2 stan-
dard wnit of mezarremen.

[__ . 8]

B. Sending the Manuscript to the Journal

Manusripes should be accompanied by a oover letier
or 2 comypleted joumal mbmission form, which should is-
clude the following informartion:

A full remens e eoiser abour ol orlmisies ana
Previms reparay chay mipky S reparded o redundenr Fabdicg-
man af nbe same ar pery stmuidar werk. Any ouch work shomld
be refermed w0 specifically and refierenced in the new paper.
Copies of mech maienal should be induded with the mub-
mitied in help the editor address the Smation. See
also Section T1LOCE

A smapmenr sf fnancis! or snher relrcnminipy sed ane.
ey whar weighr dedl ro o cemplics of tanerar, 7 shay tejErma-
man & mev tecivaed in ohe manerpr fmef o fw o aunhers”
Jeem. See alsn Section [1R

A rapmerr en guilersbip. Jowrnals that do mot wse
comtribution dedarations for all awihors may require
thar the submisdgon letier indudes 2 siatement thar the
manuzcript has been read and approved by all the au-
thors, that the requiremenis for awthorship as saned
earlier in this document have been met, and thet sach ae-
thor believes that the manuscript epreents homest work i
that infomnation is mot provided in another form See alm
Section 11A

Conpary fformacien for the auchor 2 for
oommumicring with other sothors about revisions and -
nal approval of the prook, if tha imformation is not is-
cludiad in the masmsoript ioelf.

The letter or form should inform saditors i conooms
have been missd {eg,, wia imstitiosal andior repolatory
bodies) reparding the mondoo of the research or i’ oomec-
tive action has been reommendesd. The letier or form
shomld pive amy sdditional information that may be helpful
i the editor, such as the type or fomat of anide in the
particular jowmal that the masmecript eepresems. [ the
manuscript has been submitied peeviously 1o another joar-
mal, it is hedpful oo indnde the peevious editor's and revies.
ers’ ommenis with the submitted manuscript, along with
the amthors’ eesposss 1o those comments. Editors enooor-
ape auwthors to mubmit these previous commumications. Do
inp: =0 may expedite the ceview prooess and encowrspes
trarsparency and shaneg of expertise.

Many jommals provide 3 presnbmision chededin o
help the smthor ensuee that all the mmponests of the mub-
mission hawve been imcluded. Some journals also requine
that smthors complete chedlisx for repors of cenain sudy
types (eg., the CUOVMSOET dheckdist for repons of ras-
domired concrolled rials). Awthors should look i see
i thaz jowrmal wees aech checkiiszs, and semd them with the
manuscript if they ase requisted.

The masmaript must be soomm by permiséon io
reproduce previomly published maienal, vee previousy puob-
lishixd ilivmrations, repont information ahom idemifizble per-
mons, or i adenowledpe people for their oatrburions.
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