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INTRODUCTION

JSCAI is a peer-reviewed, international, Gold Open Access journal covering the broad field of
cardiovascular diseases. JSCAI aims to be a highly credible and well-balanced reference that
highlights practical techniques and pathways of care and delivers high impact scientific contributions
drawn from clinicians and colleagues in interventional cardiology. 1SCAT publishes original research,
editorials, study designs, reviews, meta-analyses, imaging and case reports, and research letters. The
subject matter includes all interventional subspecialities including coronary, peripheral, structural,
and congenital heart disease.

JSCAI is indexed by DOAJ.

1 Submission type Word Limit Abstract Style Central Illustration Table/Figure Limit
Reference Limit Original research 4500* Structured Yes — — Study design 3500% Structured Yes
— — Comprehensive review 8000* Unstructured Yes — — Meta-analyses 8000* Structured Yes — —
Editorials (by invitation) 1000 — No 1 total 10 Imaging and Case Reports 1000 — No 1 total 5 Research
letters 1000 — No 1 total 5 Letters to the editor 400 — No 1 total 5 Pearls in hemodynamics 500 —
No 1 total 5 *Introduction through conclusion, references, figure legends

The editors will consider clinically relevant original research articles for publication. Additionally,
submissions of innovative first-in-human experiences, experiences describing innovative uses of
existing devices in new indications, and case series of these experiences may be considered in select
situations.

Submissions provide brief vignettes of unique or important fundamental hemodynamic teaching
points. Drs. Larry Dean and Morton Kern, who edit this section, hope to expand on these concepts
with case studies that further amplify the understanding of invasive hemodynamics. Submissions of
illustrative case examples are encouraged.

Letters to the editor in JSCAI should focus on a specific research manuscript that has been published
in JSCAI. Letters must be submitted within 4 weeks of the posted date of the article. The editors
will seek a reply from the authors of the original paper and publish the letter and the reply together.
JSCAT will only consider letters submitted about original research articles and will not accept letters
about review articles, editorials, or any other submissions, including guidelines.

Editor-in-Chief: Alexandra 1. Lansky, MD
Executive Editor: Dominic P. Francese

JSCAI

Yale School of Medicine

Section of Cardiovascular Medicine
New Haven, CT 06510

E-mail: ISCAI@yale.edu

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
integrate sex and gender-based analyses (SGBA) into their research design according to funder/
sponsor requirements and best practices within a field. Authors should address the sex and/or gender
dimensions of their research in their article. In cases where they cannot, they should discuss this
as a limitation to their research's generalizability. Importantly, authors should explicitly state what
definitions of sex and/or gender they are applying to enhance the precision, rigor and reproducibility
of their research and to avoid ambiguity or conflation of terms and the constructs to which they
refer (see Definitions section below). Authors can refer to the Sex and Gender Equity in Research
(SAGER) guidelines and the SAGER guidelines checklist. These offer systematic approaches to the use
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and editorial review of sex and gender information in study design, data analysis, outcome reporting
and research interpretation - however, please note there is no single, universally agreed-upon set of
guidelines for defining sex and gender.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological
features (e.g., chromosomal genotype, hormonal levels, internal and external anatomy). A binary sex
categorization (male/female) is usually designated at birth ("sex assigned at birth"), most often based
solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed
roles, behaviors, and identities of women, men and gender-diverse people that occur in a historical
and cultural context and may vary across societies and over time. Gender influences how people view
themselves and each other, how they behave and interact and how power is distributed in society. Sex
and gender are often incorrectly portrayed as binary (female/male or woman/man) and unchanging
whereas these constructs actually exist along a spectrum and include additional sex categorizations
and gender identities such as people who are intersex/have differences of sex development (DSD) or
identify as non-binary. Moreover, the terms "sex" and "gender" can be ambiguous—thus it is important
for authors to define the manner in which they are used. In addition to this definition guidance and
the SAGER guidelines, the resources on this page offer further insight around sex and gender in
research studies.

Please visit our Open Access page for more information.

PREPARATION

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format’
for acceptance and provide the items required for the publication of your article.

To find out more, please see the New Submissions and Revised Submissions sections below.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which is
used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article
for final publication. All correspondence,including notification of the Editor's decision and requests for
revision, is sent by e-mail.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can beused by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

Submit your article
Please submit your article via https://www.editorialmanager.com/jscai.

Suggesting reviewers
Please submit the names and institutional e-mail addresses of several potential reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with
you during the last three years. Editors do not invite reviewers who have potential competing interests
with the authors. Further, in order to provide a broad and balanced assessment of the work, and ensure
scientific rigor, please suggest diverse candidate reviewers who are located in different countries/
regions from the author group. Also consider other diversity attributes e.g. gender, race and ethnicity,
career stage, etc. Finally, you should not include existing members of the journal's editorial team,
of whom the journal are already aware.

Note: the editor decides whether or not to invite your suggested reviewers.
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Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Methods, Results,
Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please add page numbers to your manuscript to facilitate the review process.

Figures and tables embedded in text
Please ensure the figures and tables included in the single file are placed at the bottom of the file.
The corresponding caption should be placed directly below the figure or table.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. Decisions may be appealed
to the Editor, whose decision will be final. More information on types of peer review.

Original investigations that report important findings of potentially high-impact clinical or research
significance may be considered for expedited review (potentially for simultaneous publication with a
congress presentation). Authors may request expedited review from the editors in their submission
cover letter. The editors will make a decision regarding this request within 2 days and commit to peer
review and decision in 14 days. Manuscripts that are not chosen for the expedited review track will
be considered for peer review following the standard process. Expedited peer review does not convey
any promise or increased chance of acceptance.

For previously submitted but unpublished manuscripts ISCAI will perform an expedited review and
decision within 7 days of original research submitted with a copy of a journal rejection letter, at
least 2 peer reviews with point-by-point responses, a copy of the paper with tracked changes, and a
nan-highlighted copy of the paper. The editors will treat the original peer review as the first review
of the paper but may choose to send the paper for additional review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errars you are strongly advised to use the 'spell-check’ and 'grammar-check’
functions of your word processor.

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.



Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible. Titles should be no more than 15 words. Author names
and affiliations. Please clearly indicate the given name(s) and family name(s) of each author
and check that all names are accurately spelled. You can add your name between parentheses in
your own script behind the English transliteration. Present the authors' affiliation addresses (where
the actual work was done), including city, state/province (if applicable), and country, below the
names. Indicate all affiliations with a lower-case superscript letter immediately after the author's
name and in front of the appropriate address. Word count. Word count includes the introduction
through conclusion, the references, and figure legends. Corresponding author. Clearly indicate who
will handle correspondence at all stages of refereeing and publication, also post-publication. This
responsibility includes answering any future queries about Methodology and Materials. Ensure that
the e-mail address is given and that contact details are kept up to date by the corresponding
author. Declaration of Interests. All authors must disclose any financial and persaonal relationships
with other people or organizations that could inappropriately influence (bias) their work. Present/
permanent address. If an author has moved since the work described in the article was done, or
was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote
to that author's name. The address at which the author actually did the work must be retained as the
main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Each article must include a structured abstract of no more than 250 words. Use the following headings
for sections of the abstract: Background, Methods, Results, Conclusions. Review articles should include
an unstructured single-paragraph summary (maximum 250 words). If abstract subheadings are not
appropriate, they may be omitted.



Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations at their first mention in the text. If a term is used fewer than 3 times in
an article, don't abbreviate it. Treat figure legends, tables, article text, acknowledgments, and
other features as self-contained units where expansion of abbreviations is concerned. Ensure
consistency of abbreviations throughout the article. Each article must include a list of the most
significant abbreviations used in the main text. The Abbreviations List may not include more than
10 Abbreviations.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.
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Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Number all figures (graphs, charts, photographs, and illustrations) consecutively in accardance with
their appearance in the text. While for initial manuscript submissions, figures may be embedded at
the end of the file for editorial assessment and peer review, if a revision is requested and before
a manuscript is accepted, authors will be asked to provide figures of suitable resolution (300 dpi)
for publication.

At the end of the manuscript, include a title for each figure. The figure title should be a brief descriptive
phrase, preferably no longer than 10 to 15 words. Figures must be interpretable from their legends
without reference to the text. Do not include any details of methods in figure legends. Begin legends
with figure number, then title, both in bold. If several panels are present in the figure, label them as
A, B, C, etc. Provide a short description of each panel sequentially (A, B, C, etc.} and describe what
symbols represent. All symbols, indicators (including error bars), line styles, colors, and abbreviations
should be defined in a legend. If error bars are included, specify what error they represent (standard
deviation, SEM, etc.). If statistical significance is represented, define all symbols at the end of the
figure legend.

Each axis on a statistical graph must have a label and units of measure should be labeled. Do not use
pie charts, 3D graphs, and stacked bar charts, as these are generally not appropriate for accurate
statistical presentation of data and should be revised to another figure type or converted to a table.
Error bars should be included in both directions, unless only 1-sided variability was calculated. Values
for ratio data—odds ratios, relative risks, hazard ratios—should be plotted on a log scale. Values for
ratio data should not be log transformed.

Authors are encouraged to create color figures, which will be published in color at no additional cost.
To conform to the JSCAI color palette, authors are requested to include the following red and blue
colors in figures: red PMS 200 (CMYK 16, 100, 89, 7; RBG 193, 32, 51) and blue PMS 534 (CMYK
98, 84, 36, 27: RBG 28, 53, 94).

Authors are responsible for obtaining permission to publish any figures or illustrations that are
protected by copyright, including figures published elsewhere and pictures taken by professional
photographers.

Bar graphs

To present frequency data (numbers or percentages). Each bar represents a category. The scale on
the frequency axis should begin at 0, and the axis should not be broken. If the data plotted are a
percentage or rate, error bars may be used to show statistical variability.

Line graph

To demonstrate the relationship between 2 or more quantitative variables, such as changes aover
time. The dependent variable appears on the vertical axis (y) and the independent variable on the
horizontal axis (x); the axes should be continuous, not broken.

Flow diagram

To show participant recruitment and follow-up or inclusions and exclusions (such as in a systematic
review), follow EQUATOR reporting guidelines.
Survival plot

To display the proportion or percentage of individuals (represented on the y-axis) remaining free of or
experiencing a specific outcome over time (represented on the x-axis). The curve should be drawn as
a step function (not smoothed). The number of individuals followed-up for each time interval (number
at risk) should be shown underneath the x-axis.

Box and whisker plot
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To show data distribution from 1 or more groups, particularly aggregate/summary data. Each element
should be described (the ends of the boxes, the middle line, and the whiskers). Data points that fall
beyond the whiskers are typically shown as circles.

Forest plot

To illustrate summary data, particularly in meta-analyses and systematic reviews. The data are
presented both tabularly and graphically. The sources (with years and citations, when relevant) should
comprise the first column. Provide indicators of both directions of results at the top or bottom of the
plot on either side of the vertical line (eg, favors intervention). Typically, proportionally sized boxes
represent the weight of each study, and a diamond shows the overall effect at the bottom of the plot.
Dot plot

To display quantitative data other than counts or frequencies on a single scaled axis according to
categories on a baseline (horizontal or vertical). Point estimates are represented by discrete data
markers, preferably with error bars (in both directions) to designate variability.

Scatterplot

To show individual data points plotted according to coordinate values with continuous, quantitative x-
and y-axis scales. A curve that is generated mathematically may be fitted to the data to summarize
the relationship among the variables.

THustration

To explain physiological mechanisms, describe clinical maneuvers and surgical techniques, or provide
orientation to medical imaging.
Photographs and other clinical images

To display clinical findings, experimental results, or clinical procedures, including medical imaging,
photomicrographs, clinical photographs, and photographs of biopsy specimens. Legends for
photomicrographs should include details about the type of stain used and magnification.

Line drawings

To illustrate anatomy or procedures. Line drawings are almost always black and white. Required
minimum resolution for publication: 600 dpi.

Image manipulation

While it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information

present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

+ Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbal, Courier.
* Number the illustrations according to their sequence in the text.

+ Use a logical naming convention for your artwark files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
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TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
» Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Please submit tables
as editable text using the Microsoft Word Table function and not as images. Tables should be placed
on separate page(s) at the end of the manuscript after the references. Multipart tables (e.g., Table
2A and 2B) are not acceptable. Table titles should give details on the place of the study, the time of
the study, and the study population (if applicable). Each column requires a heading that describes
the information presented in that column. An exception can be made for the first column, since in
some cases a heading is not applicable or it may be self-evident what that column represents. For the
remaining columns, the heading should apply to all data in that column. The row headings are in the
left-most column of the table. Each row requires a heading that describes the information presented
in that row. This heading should apply to all data in that row. Row headings are written in sentence
case. Each piece of data needs to be contained in its own cell. Do not align cells with hard returns or
tabs; to show an indent, add 2 spaces. For each new row of information, create a new row rather than
using line breaks (ie, pressing "Enter” within a cell). When presenting percentages, include numbers
(numerator/denominator). For continuous variables, specify the units in the row header. Please avoid
using horizontal rules, vertical rules, and shading in table cells. Place any footnotes below the table
body. Explain in footnotes all nonstandard abbreviations that are used in each table and any empty
cells. Use superscript letters (a, b, c) to mark each footnote and be sure each footnote in the table
has a corresponding note (and vice versa). Include statistical variability where applicable (eg, mean
*standard deviation, median [interquartile range]) in the table footnote. If relevant, add a footnote
to explain why numbers may not sum to group totals or percentages do not add to 100%. While
actual P values are preferred to reporting ranges (such as <0.05 or <0.001), there are exceptions:
when confidence intervals instead of P values are presented and if for any reason authors are unable
to provide the actual P value.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Unpublished results and personal communications are not recommended in the reference list,
but may be mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication’. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
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ABSTRACT

Background: Contemporary interventional cardiology guidelines prefer radial over
femoral artery access when performing diagnostic coronary angiograms (DCA). There
is a paucity of data on the safety and efficacy of radial and femoral DCA in low-and-
middle-income countries.

Methods: We retrospectively reviewed inpatient medical records and DCA reports of
patients referred for DCA and evaluated the safety and efficacy of the femoral versus
radial artery access route.

Results: There were 653 patients with a mean age of 58.2 £12.6 years. Radial access
was used in 318 (48.7%) patients. The median duration of the DCA was slightly longer
with radial access and was 50 minutes (Interquartile range (IQR): 40—-60), while the
median procedural duration for femoral artery access was 45 minutes (IQR: 35-60) (P =
0.010). The median total radiation dose in the femoral artery access group was 3511
uGym? (IQR: 2154-5821) and patients in the radial artery access group were exposed
to a median radiation dose of 4011 uGym? (IQR: 2298-6411) (P = 0.0661). A total of
639 (97.9%) DCA were performed without crossover, and 99.0% (95% CI: 97.2 — 99.8)
of DCA performed via the radial artery did not require crossover to transfemoral access,
and 96.1% (95% CI: 93.4 — 97.9) of the DCA done via the femoral artery did not require
crossover to transradial access (P = 0.009).

Conclusion: Almost half of all diagnostic angiograms were performed via the radial
artery. Both radial and femoral artery access were equally safe and efficacious in

patients with coronary artery disease.

KEYWORDS: Diagnostic coronary angiography; vascular access; radial artery access;

femoral artery access; vascular complications; radiation exposure; contrast media



ABBREVIATIONS

AKIl, Acute kidney injury; CABG, Coronary artery bypass graft; CVD, Cardiovascular
disease; CMJAH, Charlotte Maxeke Johannesburg Academic Hospital; DCA, Diagnostic
coronary angiography; eGFR, estimated glomerular filtration rate; LMIC, Low and
middle-income countries; LVEF, Left ventricular ejection fraction; IFR, Instantaneous
wave-free ratio; IQR, Interquartile range; MACE, Major adverse cardiovascular events;
MDRD, Modification of Diet in Renal Disease; NSAIDs, nonsteroidal anti-inflammatory
drugs; PCI, percutaneous coronary intervention; STEMI, ST segment elevation

myocardial infarction.

INTRODUCTION

In 2019, non-communicable diseases accounted for 74% of deaths globally.
Cardiovascular diseases (CVD) are the leading cause of death worldwide, of which
ischaemic heart disease ranks the highest, followed by cerebrovascular disease and
chronic obstructive pulmonary disease.® In South Africa, the prevalence of CVD is
rising, with 85 525 deaths per annum reported in 2018.(2)

Diagnostic coronary angiography (DCA) is the gold standard in diagnosing coronary
artery disease. Despite an increasing prevalence of CVD in low-and-middle-income
countries (LMICs), there is a paucity of data on the efficacy and safety of DCA. Ekou et
al. conducted a study evaluating the role of primary percutaneous coronary intervention
(PCI) in managing ST-elevation myocardial infarction (STEMI) in sub-Saharan Africa.
Femoral artery access was the most commonly used vascular access route when
performing coronary angiograms in their centre. Also, in their study, femoral access
accounted for most non-fatal vascular complications.(3) Similarly, most international
studies associate femoral artery access with more vascular complications when

compared to radial access. (4, 5)

In the recent decade, a radial-first policy has been adopted internationally by

interventional cardiology centres. In some of these countries, it has replaced femoral



artery access as the main vascular access route for percutaneous coronary
intervention.(6) This is mainly due to the evident advantages radial artery access has
over femoral artery access. These advantages include fewer vascular complications
such as haemorrhage, pseudoaneurysms, arteriovenous fistula, arterial dissection, and
other major cardiovascular events (MACE).(7, 8) Ease of postprocedural care and
shorter hospital stays are other advantages noted.(9, 10) Though there are multiple
available international studies on this topic, only a few have been published on the
safety and efficacy of DCA'’s performed in LMICs. Therefore, this study aimed to
describe clinical and procedural factors of the transradial versus transfemoral approach
for coronary angiography in the Division of Cardiology at the Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) in South Africa. We hypothesize that our
study will reveal similar findings as the international studies which had a lower vascular

complication rate amongst the radial artery access group.

METHODS

We retrospectively reviewed inpatient medical records and diagnostic coronary
angiogram reports of consecutive patients referred to the CMJAH between 1 January
2018 and 31 December 2019. The CMJAH is one of the two state-owned facilities in
Johannesburg equipped with an intensive care unit, cardiac admission wards, outpatient
services, and electrophysiology and catheterisation laboratories. This tertiary academic
hospital serves a population of approximately 5.2 million individuals.? The
catheterisation laboratory at the CMJAH is considered a high-volume centre and is an
accredited training site for cardiology fellows.

All patients 18 years and older who underwent DCA were included in the study.
Patients referred for physiological or haemodynamic studies, such as instantaneous
wave-free ratio (IFR), left and right heart catheterisation, or percutaneous coronary
interventions (PCI) during the DCA, were excluded. Also, patients with previous

coronary artery bypass graft (CABG) surgery were excluded. The rationale for



excluding patients with prior CABG surgery is the prolonged or unpredicted procedural
times observed when performing DCA in such patients. The previous history of CABG
surgery may also introduce selection bias in the vascular access route chosen by the
operator.

We documented demographic data, comorbidities, biochemical laboratory data,
concomitant anticoagulant therapy, left ventricular ejection fraction (LVEF), procedural
findings and measured the success rate. The success rate was defined as the number
of angiograms completed without access crossover. Biochemical data was extracted
from the National Health Laboratory Services website. The Modification of Diet in Renal
Disease (MDRD) equation was used to calculate the estimated glomerular filtration rate
(eGFR).

Angiographic data was obtained from the angiography report registry on the Research
Electronic Data Capture (REDCap) database, the procedure book in the catheterisation
laboratory, filed hard copies of angiogram reports and archived cine images. Variables
such as vascular access route, procedural duration, contrast volume, total radiation
dose and reported complications were also captured. During the study period, our
centre was still in the midst of transitioning from the traditional transfemoral artery
access route to the transradial artery access route. Though this adoption was due to the
growing evidence favouring radial artery access, the vascular access used by the
operator was still mostly based on their discretion. No set standards of operation were

in place during that time.

Lignocaine was used as local anaesthetic followed by administering intra-arterial
verapamil and nitrocine into the radial artery to prevent spasm. Heparin was also used
to prevent vessel occlusion. Radial artery access closure was done using an inflatable
radial band, whereas femoral artery closure was achieved with manual compression

followed by a compressive bandage.

The procedural time was defined from the time when the patient entered the
catheterisation laboratory until after the procedure when the patient exited the

catheterisation laboratory. As such, the procedural time also incorporated the time



required to apply the radial artery band which was routinely applied while the patient
was still in the catheterisation laboratory. However, manual compression post femoral
access was routinely done in the recovery room and was omitted when estimating the

procedural time.

The rate of crossover was obtained from the angiogram reports. Supplementary
sources were the theatre registry book and archived cine films which as hold record if
access crossover occurred. When access had failed, it was to the discretion of the
operator to choose which next access route to attempt. The radiation dose was
defined as the total amount of radiation in mGym? emitted in the interventional lab

during each procedure.

The safety of each vascular access was measured by comparing the total radiation
dose, the total volume of contrast media used, and the prevalence of local vascular
complications. Study variables were captured into the Research Electronic Data
Capture (REDCap) database. Permission to conduct the study was obtained from the
University of the Witwatersrand Human Research Ethics Committee (Clearance

certificate number: M2011118) and relevant hospital authorities.

Statistical Analysis

The statistical analysis was conducted using Stata/SE version 17.0 (Stata CORP LLC,
Texas). Categorical data is summarised using numbers and percentages. Normally
distributed continuous variables are summarised as the mean and standard deviation,
while variables with a skewed distribution are summarised using the median and the
interquartile range (IQR). The Student’s t-test was used to compare means, and the
Pearson’s Chi-square test was used to compare categorical variables. The Wilcoxon
rank-sum test was used to compare the medians. Confidence intervals were set at 95%

and a P-value less than 0.05 was considered as a threshold for statistical significance.



RESULTS
Demographic and clinical characteristics

Between 1 January 2018 and 31 December 2019, 1189 DCA were performed (Figure
1). After excluding ineligible patients, the final study cohort comprised 653 patients, of
which 408 (62.5%) were males. The mean age in the study cohort was 58.2 + 12.6
years. Hypertension was the most common comorbidity, reported in 299 (45.8%)
patients, followed by dyslipidaemia in 157 (24.0%), diabetes mellitus in 146 (22.4%)

patients, and chronic kidney disease in 62 (9.5%).

Diagnostic coronary angiography was performed as an elective procedure in 457
(81.6%) patients and as an emergency procedure in 103 (15.8.4%) patients. The
remaining 96 patients did not have enough data to discern whether the DCA was
scheduled as an elective or an emergency procedure. The femoral artery access route
was used in 335 (51.3%) patients. Among the 157 patients with dyslipidaemia, 93
(59.2%) had transfemoral access (P = 0.022), and 18 of the 25 (72.0%) patients with
atrial fibrillation had transradial access (P = 0.017). Among the patients with atrial

fibrillation, 96% of these patients had an elective DCA.

A total of 55 (8.4%) patients were prescribed warfarin, and 38 (69.0%) of these patients
had radial artery access (P = 0.002). The median INR among patients on warfarin was
1.84 (IQR: 1.22-2.45), and 1.07 (IQR: 1.01 — 1.16) among patients who were not on
warfarin (p<0.001). There were no bleeding complications among patients on warfarin.

In the entire study cohort, 202 (30.9%) patients were taking oral nonsteroidal anti-
inflammatory drugs (NSAIDs), of which 110 (54.5%) had radial artery access (P =
0.049). Among the 653 patients referred for DCA, 80 (12.2%) had underlying valvular
heart disease, and 48 (60.0%) of these patients had radial artery access (P = 0.031).
The rest of the baseline demographic and clinical characteristics did not differ between

patients subjected to femoral and radial artery access during the DCA (Table 1).



Procedural Findings

In 2018, 297 DCA were performed, and this number increased to 356 in 2019. In 2018,
112 (37.7%) of all DCA were performed via the radial artery, and this increased to 206
(57.9%) in 2019 (p<0.001). The DCA revealed normal epicardial coronary vessels in
229 (50.3%), single vessel disease in 95 (20.9%), double vessel disease in 65 (14.3%)
and triple vessel disease in 66 (14.5%). The median duration of the procedure was
longer in the radial artery access group when compared to the femoral access group [50
minutes (IQR: 40.0 — 60.0) versus 45 minutes (IQR: 35.0 — 60.0), P = 0.011] (Figure 2).
The mean contrast volume administered in the radial and femoral artery access group
did not differ significantly and was 83.7 = 36.1 millilitres (ml) and 88.9 + 37.1 ml,
respectively (P = 0.073). In the entire cohort, the median radiation dose was 3726
uGym? (IQR: 2181.7 — 6205.0), and it did not differ significantly between the radial and
femoral artery access group [4011.0 pGym? (2298.0 — 6411.4) versus 3511.0 uGym?
(2154.0 — 5821.5), P = 0.066] (Table 2).

Outcomes

A total of 653 DCA were performed, and 613 (94.2%) were completed without the need
to repeat the procedure. Some of the reasons for repeated DCA included failure to
advance a guide wire, haemodynamic instability, and onset of chest pain. Failed
access was mainly documented during the transfemoral approach, accounting for 24
(61.5%) failed procedures. In this study, 639 (97.9%) DCA were performed without
crossover, and 99.0% (95% CI: 97.2 — 99.8) of the DCA performed via the radial artery
did not require crossover to femoral access and 96.1% (95% CI: 93.4 — 97.9) of the
DCA performed via the femoral artery access route did not require crossover to
transradial access, P=0.009. Clinically significant procedure-related complications were
uncommon. Vascular spasms were encountered in eight patients subjected to radial
artery access. Other documented complications were femoral artery dissection (n=2),

haematoma (n=2), aortic dissection (n=1), and femoral artery haemorrhage (n=1).



DISCUSSION

We retrospectively reviewed medical records of 653 patients referred for diagnostic
angiography in Johannesburg and assessed the efficacy and safety of radial versus
femoral artery access. Transradial access was used by 48.7% of patients. The
crossover rate was low and documented in 2.1%, with most patients requiring crossover
from femoral to radial artery access (P=0.009). In the Radial Versus Femoral
Randomized Investigation in ST-Elevation Acute Coronary Syndrome (RIFLE-STEACS)
trial,(4) the crossover rate was 9% in the radial access arm and 3% in the femoral

access arm.

In some international studies radial artery access was associated with longer procedural
times and higher radiation exposure doses than femoral access.(12, 13) In our study,
the longer procedural duration was in the transradial access group, with a median
procedural duration of 50 minutes (P = 0.011). The longer procedural duration is
probably due to the inherent complexity of catheterising the radial artery with its smaller

diameter and higher propensity for spasm.(14)

We did not find statistically significant differences in the total radiation dose emitted or
volume of contrast media between patients in the radial and femoral artery access
groups. This is a common finding also discovered by Feldkemp et al., who investigated
if radial access was protective against contrast-induced nephropathy compared to
femoral access.(15) Their study showed that the contrast volume was comparable in
each vascular access group (P = 0.438). Surprisingly they concluded that even though
the contrast media given was similar in both access arms, radial artery access was
associated with significantly fewer acute kidney injuries (AKI), particularly in a subgroup

of patients with an acute coronary event.

The mean age in our study was 58 years, and almost half (46%) of patients had
hypertension. Dyslipidaemia was prevalent in 24% of our study population, and in 59%
of these patients, the DCA was performed via the femoral artery (P=0.022). We

speculate that this association stems from the fact that dyslipidaemia carries a well-



established risk to cause more severe coronary artery disease. Perhaps these patients
presented with more critical disease and were subjected to femoral artery access in
anticipation of potential intervention. Our finding is similar to Alkatiri et al. who reported
that the transfemoral approach tends to be the preferred access route in patients with
multiple comorbidities.(16) However, there is limited evidence in the literature showing a
similar association or pattern of distribution.(4, 17) One of the largest multicenter
landmark studies conducted by Romagnoli et al. named, the Radial Versus Femoral
Randomized Investigation in ST-Elevation Acute Coronary Syndrome (RIFLE-STEACS)
is such a study which found no association of dyslipidaemia to vascular access route.
The trial spans from 2009 to 2011, with 1001 patients with acute ST-segment elevation
myocardial infarction. There were 500 patients randomised to the radial access group.
The prevalence of hypercholesterolaemia was comparable in both access groups (P =
0.223).(4)

In our study, 6% of patients with atrial fibrillation had transfemoral access compared to
2% subjected to transradial access (P = 0.017). These findings are similar to a study by
Sherwood et al. investigating outcomes of cardiac catheterisation in patients with atrial
fibrillation on anticoagulation therapy in contemporary practice.(18) Similar to their
cohort, in our study, 96% of patients with atrial fibrillation had their procedure done
electively via the femoral artery with the interruption of oral anticoagulation.(18) In our
study, the radial access route was used more than the transfemoral access route in
patients prescribed warfarin or NSAID. This supports the evidence that radial access

has fewer bleeding complications when compared to transfemoral access.(19)

The radial artery was the preferred access in patients with valvular heart disease who
are being worked up for open heart surgery (P=0.031). This was an expected finding,
as most of these elective procedures were done as a screening investigation. There
was little or no foreseen need for intervention. The operators preferably selected this
route for its perceived lower vascular complication risk and shorter hospital stays.(4)
Conversely, femoral access is more commonly used in emergencies. First, the patient's
clinical presentation may require assistive devices such as an intra-aortic balloon pump

which cannot be inserted via radial access. Secondly, the probability of coronary artery
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intervention is higher in emergencies; therefore, the operator may need to use a bigger
cannula for larger intervention equipment. However, an overwhelming body of evidence
suggests that radial artery access in these emergency cases is just as efficient at
providing emergency interventions and may have an additional advantage of fewer
major adverse cardiovascular events (MACE) and bleeding complications.(19-21)
Vascular complications have been the crux of discussion between transradial and
transfemoral access. It has been identified that vascular complications, particularly
bleeding, are associated with poorer outcomes and higher rates of MACE.(19, 22) In
our study, complications were rarely documented. In our cohort, crossover of vascular
access route was rarely observed when initial access failed. The rates were much lower
than most international studies.(23, 24) This could be explained by the exclusion of
patients requiring PCI from our study cohort. Performing an intervention likely
introduced another level of complexity into the procedure, hence increasing the risk of

access crossover, particularly with radial artery access.(24)

Limitations

This was a single-centre retrospective study with a relatively small sample size. We
relied on information documented in medical records. Due to the low rate of
complications, the authors could not determine variables associated with the occurrence
of complications. Also, long-term sequelae from vascular complications were not
assessed. With regards to access route selection, there may have been clinical
selection bias as access route was left to the operator’s discretion. Despite these
limitations, this study sheds some light on the safety and efficacy of DCA and, to some
extent, competency when adopting newer interventional techniques in a high-volume

centre in Johannesburg.
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CONCLUSIONS

The radial artery was the preferred access in 49% of DCA. The efficacy and safety of
the transradial and transfemoral access were comparable, although the procedural

duration was slightly longer with radial access.
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Table 1. Baseline demographic and clinical characteristics of the study cohort
stratified according to the site of angiography vascular access

All Transradial Transfemoral
patients access access
(n=653) (n=318) (n=335) P-
48.7% 51.3% value
Clinical Parameters
Age, years (SD) 58.2+12.7 58.7£12.5 57.7£12.7 0.3231
Males (%) 408(62.6) 198(62.3) 210(62.9) 0.872
Ethnicity (%) 0.221
Black African 245 (37.6) 127(39.9) 118(35.3)
Mixed Ancestry 58 (8.9) 33(10.4) 25(7.5)
Indian 104 (16) 45 (14.2) 59 (17.7)

Caucasian 245 (37.6) 113 (35.5) 132 (39.5)
Hypertension 299(45.8) 141(44.3) 158(47.2) 0.469
Diabetes Mellitus 146(22.4) 68(21.4) 78(23.3) 0.560
HIV 27(4.1) 12(3.8) 15(4.5) 0.652
Dyslipidaemia 157(24) 64(20.1) 93(27.8) 0.022
Smoker 131(20.1) 60(18.9) 71(21.2) 0.458
ExSmoker 77(11.8) 40(12.6) 37(11.0) 0.544
CKD 62(9.5) 26(8.2) 36(10.8) 0.263
Atrial Fibrillation 25(3.8) 7(2.1) 18(5.7) 0.017
Previous CAD 83(12.7) 40(12.6) 43(12.8) 0.921
No comorbidities 60(9.2) 29(9.1) 31(9.3) 0.953
Warfarin 55(8.4) 38(12) 17(5.1) 0.002
NSAID 202(30.9) 110(34.6) 92(27.5) 0.049
Systolic BP 127.4 £ 26.4 126.4 + 27 128.5+25.9 0.4262
Diastolic BP 75+ 145 76 + 14 74 +15 0.1472
eGFR 68.3 £ 26.7 68.1 +24.1 68.5 £ 29 0.8455
Haemoglobin 139+22 14 +2.2 13.7+21 0.1330
Platelets 261.7 £ 92.8 260.1 + 88.5 263.1 £ 96.7 0.6779

16



INR, Median [IQR]  1.08 (1.01-1.2) 1.09(1.0-1.2)  1.07 (1.02-1.16)  0.2755
Left Ventricular EF 46.7 £ 15.7 46.9 + 16.0 46.4 £ 155 0.7775

BP= blood pressure; CAD= coronary artery disease; CKD= chronic kidney disease;
eGFR= estimate glomerular filtration rate; HIV= human immunodeficiency virus; INR =
International normalised ratio; EF = ejection fraction; IQR = interquartile range; NSAID =
Nonsteroidal anti-inflammatory drug; SD = standard deviation.
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estimated glomerular filtration rate (ml/min/1.72 m?)

17



Table 2. Procedural factors for diagnostic coronary angiography stratified
according to access route

Variable Total Transradial Transfemoral P-
(N=653) (N=318) 48.7% (N=335) 51.3% value
Indications for DCA
Known CAD 99(15.2) 44 (13.9) 55 (16.4) 0.358
Suspected CAD 484 (74.1) 225 (70.8) 259 (77.3) 0.056
Valvular disease 80 (12.3) 48 (15.1) 32 (9.6) 0.031
Perioperative 9(1.4) 7((2.2) 2 (0.6) 0.079
Duration of procedure, min 46 (40-60) 50 (40-60) 45 (35.0- 60) 0.011
Urgency 0.010
Elective 457 (81.6) 231(87.2) 226(76.6)
Emergency 103 (18.4) 34 (12.8) 69 (23.4)
Total radiation dose, puGym? 3726 (2181-6205) 4011 (2298-6411) 3511 (2154-5822) 0.066
Total contrast dose, ml 86.4 + 36.7 83.8+36.1 89 +37.2 0.073

Diseased vessels on angiography

Normal angiogram 229 (50.3) 118(55.1) 111(46.1) 0.053
Single vessel disease 95 (20.9) 40 (18.7) 55 (22.8) 0.279
Double vessel disease 65 (14.3) 26 (12.1) 39 (16.2) 0.220
Triple vessel disease 66 (14.5) 30 (14.0) 36 (14.9) 0.781

SD = standard deviation; pGym? =micro Grays per metre squared; IQR= interquartile

range; ml = millilitres; min=minutes
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1. INTRODUCTION

Diagnostic Coronary Angiography (DCA) is the visualisation of the coronary vessels
radiographically with the assistance of intracoronary contrast media. This procedure illustrates
better the coronary vessels and any suspected coronary vascular abnormalities(1). In addition
to identifying and localising coronary lesions, DCA can be performed in conjunction with
percutaneous coronary interventions (PCI) such as balloon angioplasty and stent insertion. The
most common indication for DCA is suspected or known coronary artery disease (CAD). This
includes diseases such as stable or unstable angina, acute myocardial infarction, and post-
revascularisation ischaemia. Diagnostic coronary angiograms are also performed on patients
with valvular heart disease and cardiomyopathies, where an ischaemic aetiology needs to be
excluded(1). Patients who present with unexplained cardiac failure, cardiac defects, and those
being worked up for corrective heart surgery after the age of forty, all have sound indications for

performing a DCA.

There are two common access approaches used when performing DCA, the transfemoral and
the transradial approach, with the transfemoral approach being the traditional route. There are
other less common access methods described for patients with challenging radial and femoral
vascular access. The brachial access is one such method which is unfavourable due to its
increased risks of neurological complications. The axillary artery approach is another access

method that is rarely used by experienced interventionalists(2).

Transradial access approach is relatively new compared to the transfemoral approach. It was

first described in 1989 in Campeau(3). Many studies have since been done to compare the
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advantages and disadvantages of the two access approaches(4-7). There is growing evidence
showing that the transradial access is safe and efficient when performing DCA, and perhaps

even more so than the transfemoral approach(7).

Cardiac catheterisation is performed in an angiography suite with multiple monitoring equipment
for assessing the patients’ cardiac function throughout the procedure. A radiographic machine
is also used by the interventionalist to identify the patients' real-time vascular anatomy
throughout the procedure. This procedure is also aided by the use of intracoronary contrast
media, which renders the coronary vessels radiopague during the cine film run. Healthcare staff

involved in performing this procedure are, therefore, also exposed to radiation during DCA.

In South Africa, there is a lack of research comparing the efficacy and safety of these two
vascular access techniques. The purpose of this study is to investigate the safety and success

rates of transradial and transfemoral vascular access when performing DCA.

2. BACKGROUND / LITERATURE REVIEW

Cardiovascular disease (CVD) is a major healthcare burden in South Africa and worldwide (8).
In South Africa, one in six deaths was attributed to CVD in 2014(9). The rapid rise in CVD risk
factors is the most significant underlying contributor to the increase in the prevalence of CVD in
South Africa(8, 10). Some of the non-madifiable risk factors include age, male gender, and
family history. The well-recognised modifiable risk factors are hypertension, dyslipidaemia,

smoking, diabetes mellitus, and obesity.

In most cases, coronary artery disease (CAD) is a consequence of atherosclerosis of the
coronary arteries(11, 12). Atherosclerosis is a disease of medium and large-sized arteries

where there is an accumulation of lipids, proinflammatory cells that transform into foam cells,
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and cellular debris within the arterial intimal layer(13). This eventually leads to plaque
formation. The luminal area decreases, restricting blood flow and causing ischaemia in the
myocardium. The plaque may become unstable and rupture, leading to thrombus formation and

occlusion of the coronary artery, thus causing myocardial infarction(11).

Research into the best management of coronary artery diseases in relation to the time of
presentation and nature of the arterial disease is still ongoing(14,15). At present, there are two
main approaches in managing these patients, pharmacological and non-pharmacological.
Pharmacological management entails the use of thrombolytic therapy (streptokinase /tissue
Plasmin Activator (t-PA)), antiplatelet therapy (aspirin/ clopidogrel), lipids management (statins),
and other forms of therapy, all aimed at improving perfusion. The non-pharmacological

approaches include interventional cardiology and open-heart surgery.

Diagnostic coronary angiography, which is a specialised form of coronary investigation, is the
most common initial procedure undertaken when investigating patients suspected to have CAD.
Diagnostic coronary angiography is the gold standard in the management of acute myocardial
infarction. If a stenosed vessel is visualised, intervention may be taken during the same
procedure by inserting devices that restore the calibre of the vessel, hence improving blood

flow.

2.1 Transfemoral Vascular Access

Transfemoral vascular access is the most practised method of cardiac angiography. Though it
is no longer the preferred access route as in the past, it is still the favoured access site when
performing complex interventional angiography procedures requiring multiple and/or large bore

types of equipment and catheters(16). The femoral artery has a larger vessel calibre, which
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accommodates larger French size catheters and also provides ease of maneuverability (16).
Some patients may need access via both femoral artery and vein as in valvular heart disease
assessment as well as right and left heart catheterisation. Current best-practice methods for
vessel puncture advise on the routine use of ultrasonography and fluoroscopy where
available(17, 18). However, based on the International Femoral Access Practices Survey (i-
FACTS) study, only 11% of interventionalist use fluoroscopy, and the majority rely on palpation
alone(19). There are well-documented complications that arise when using palpation alone,
namely bleeding complications, pseudoaneurysms, arteriovenous fistula, dissections with or
without limb ischemia. Other significant complications include infections as well as thrombosis

and/or embolism(17).

Until the 1950s, the Sones’ technique was used to cannulate the femoral artery. Dr Mason
Sone introduced this technique. Sone’s technique involves dissecting through the skin and
underlying tissue until the femoral artery is visualised, followed by introducing a catheter into the

vessel. This has now changed and replaced by the widely used modified Seldinger technique.

The use of ultrasonography and fluoroscopy is advised to limit repeated punctures(19). In this
approach, a 21 gauge or 18 gauge needle is introduced into the artery percutaneously, and a
catheter guidewire is threaded through the needle. The needle is then removed, and a sheath
or catheter is railed over the guidewire. The femoral artery is located in the femoral triangle with
the borders made by the inguinal ligament superiorly, sartorius muscle laterally and the
adductor longus muscle medially. Cannulation is made at the base of the triangle just below the
inguinal ligament, above the bifurcation of the femoral artery. Caution must be taken not to use
the inguinal skin crease as a landmark as this is below the femoral bifurcation in 70% of

patients(17).
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Minor and major complications associated with this procedure have been described. The minor
complications are stable haematoma, minor bleeding, and ecchymosis. The major
complications include arterial dissection, limb ischemia, retroperitoneal haemorrhage,
pseudoaneurysm, AV fistula, infection, major bleeding and thromboembolic phenomena(17).
These complications have been associated with percutaneous coronary interventional
procedures as opposed to a diagnostic coronary angiogram. This is likely due to the use of
larger sheath sizes and the need for anticoagulation. Supporting this, Chandrasekar B et al.
found that coronary angiography complications were 3.6% and 15.1% in those who went for

diagnostic and therapeutic procedures, respectively(17, 20).

2.2 Transradial Vascular Access

There is growing expertise and training availability in refining the necessary skills required when
performing transradial angiography(21). The radial artery is superficial and much smaller in

diameter than the femoral artery. This makes it easier to compress to achieve haemostasis.

Studies have revealed that this approach has many significant benefits over the traditional
transfemoral approach(3, 22, 23). These studies showed that patients have significantly lower
bleeding complications, shorter duration of hospitalisation with early mobilisation, and better
cost containment(24). However, this method has disadvantages. Due to the vessel being of
small calibre, only smaller sized catheters may be used, limiting working space and flexibility.
Therefore, there is a greater need for more developed fine motor skills when using the
transradial approach, much more required than with the transfemoral approach(3). Another
challenge is that the vascular route to the heart has several branches and tortuous paths, which
increases the risk for arterial spasm. This may lead to higher conversion rates to transfemoral

catheterisation (25). Transradial access angiography is associated with longer procedural
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times, often as a result of difficulty in getting access. Longer procedural time translates to

prolonged radiation exposure time for both the patient and the catheterisation staff(26).

Patients who undergo DCA should ideally be considered for radial angiography, if possible(3).
Anatomically, the hand is supplied by two major arteries, the ulna artery and the radial artery.
These arteries then join in the hand to form the superficial and deep palmar arches. The radial
artery takes a more superficial route distal to the hand, making it easier to locate and compress.
In the past, it was standard practice to establish good collateral blood supply by performing the
Allen Test(27). However, this has shown not to be clinically relevant(27, 28). The Barbeau test
is another test that assesses the hand for dual circulation by use of plethysmography, similar to
the Allen test; there has been no correlation between these tests and subsequent hand or digital
ischaemia(29). Once contraindications have been excluded, the target point of insertion for the
radial sheath is 2-3 cm above the wrist crease, while the wrist is in the hyper-flexed position(3).
Complications post cannulation include bleeding, radial artery spasm, as well as radial artery
occlusion(22). Radial artery occlusion has been found in cases where a large bore sheath was
used, larger than the artery's diameter with inadequate anticoagulation and different
compression techniques. This occlusion can be avoided by using nitroglycerine before the

removal of the sheath. (3, 30)

The well-known radial versus femoral access (RIVAL) trial published in 2011 was a multicentre
trial involving 7021 patients from 32 countries. Amongst those patients, 3507 were randomly
selected for radial access and 3514 for femoral access. The primary outcome was a composite
of death, myocardial infarction, stroke and non-coronary artery bypass graft (CABG) surgery
related major bleeding at 30 days. The study reported that 3.7% of the primary outcome
occurred in the radial access group, and 4.0% in the femoral access group. This showed that
both vascular access routes are safe and effective for diagnostic purposes and intervention.

However, at 30 days, 1.19% of the radial group developed a large haematoma, compared to
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3.01% in the femoral access group. Seven patients in the radial access group, compared with
23 in the femoral access group, developed pseudoaneurysms that needed closure. This
revealed that though both groups were safe, radial access was safer, as evidenced by fewer
local vascular complications. Similar findings were also seen in another Radial versus Femoral
clinical trial authored by Valgimigli and colleagues(7), who found an overall reduction in major
bleeding events. However, unlike in the RIVAL trial, they found a significant reduction in all-
cause mortality with the transradial access. The rate of cardiac mortality, stroke and myocardial

infarction were nevertheless not significantly different between the two groups.

With this knowledge, further studies have been done to look at the success rate and safety of
radial access angiography. In China, a prospective study was done evaluating 2845 patients in
a single interventional facility from August 2012 to July 2013. The mean age of the patients was
64 £7.5 years. There were 57.2% males and 42.8% females. The study participants were
patients undergoing diagnostic coronary angiography (49.8%) and PCI (50.2%). Patients with
cardiogenic shock, on haemodialysis, and those with an abnormal Allen test were excluded.
The study revealed a 97.6% success rate in the angiography group and a 96.3% in the PCI
group, thus concluding that transradial access is a sensible and safe choice for both diagnostic
and interventional angiography(31). Another recent prospective study done in Slemani Cardiac
Hospital looked at a single interventionalists experience with radial access angiography over 2
years. The number of patients who participated in the study is 1561. A total of 1 005 patients
were referred for DCA, and 679 were subsequently treated with PCI. The total transradial DCA
success rate was 95.6%, and the radial PCI procedural success rate was 96.5%. The radial
artery crossover rate was reported to be 4.4%, with the key aetiological causes being radial
artery spasm, a tortuous aorta and brachiocephalic artery, a radial loop and a failed radial
puncture. The trial also revealed that transradial access is safe and reliable. Furthermore, it

also showed that dual artery circulation before the procedure might not be necessary(28).
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2.3 Radiation Exposure

Fluoroscopy & cineangiography are essential for coronary angiography. Cineangiography is a
procedure that uses continuous X-rays to track the transit of contrast media through a coronary
vessel(32). Fluoroscopy is a radiological imaging technique that uses X-rays to capture real-
time images of anatomical structures. During the procedure, x-ray beams are continuously
transmitted from a fluoroscope, and the moving images are captured on a monitor. Fluoroscopy
dates back to November 1895, when X-rays were discovered by a German mechanical
engineer, Wilhelm Roentgen. He observed a barium platinocyanide screen emitting fluorescent
light due to it being exposed to what is now known as X-rays. They were called X-rays due to
their unknown nature at the time. The news about this discovery rapidly spread, and soon after
that, X-rays were used for clinical purposes. X-rays are high energy electromagnetic that
release ionising radiation, capable of disrupting chemical bonds, including breaking the
molecular structure of the deoxyribose nucleic acid (DNA). X-rays can also cast an image of
tissue structures beneath the surface(33). Patients who therefore undergo coronary
angiography are exposed to varying doses of radiation from X-rays. To quantify this exposure,
the International System of Units (SI) is used. Since 1977, the International Commission on
Radiological Protection (ICRP) adopted the Sl unit over the Common units, which is no longer
commonly used. The absorbed radiation dose is measured in Gray (Gy). The effective dose is
measured in Sieverts (Sv). This is a calculated ionised radiation quantity measuring the risk of

causing clinically significant tissue damage(34).

The health concern related to radiation exposure is that ionising radiation can cause irreparable
tissue damage, which may lead to medical conditions like acute radiation syndrome and cancer

after long term exposure(34). This is why the ICRP introduced the As Low As Reasonably
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Achievable (ALARA) Principle, which assists in balancing the health benefit to risk ratio in
medical radiography(34). The three principles are time, distance and shielding. Time refers to
limiting the time spent next to a radioactive source. Distance refers to maximising the distances
between the radioactive source and the operator and the patient. Shielding refers to using
radioprotective equipment during procedures. The South African Health Products Regulatory
Authority has further quantified acceptable radiation doses allowed for the healthcare workers
and the patient. In one year, 20mSyv are allowed as the maximum effective dose for the
healthcare worker and 1mSv for patients(35). This is in line with the ICRP guidelines(34).
Literature has shown that transradial access is associated with more radiation exposure to the
operator and patient(6). Other studies refute this finding and deem transradial access equally

safe as transfemoral angiography(36, 37).

As cited in the literature above, there are advantages and disadvantages when performing
coronary angiography via transradial or transfemoral access. Though the above study findings
share a similar conclusion, there are also significant data differences in both efficacy and safety

between the different centres.

3. AIM

This study aims to compare the efficacy and safety of transradial access to transfemoral access

coronary angiography at the Charlotte Maxeke Johannesburg Academic Hospital.

4. OBJECTIVES
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b)

d)

e)

5. METHODS

To assess the efficacy of transradial angiography. This will be
determined by the success rate of completed transradial
angiography cases without cross over to transfemoral access.

To assess the safety of transradial angiography compared to
transfemoral access. This will be determined by the total dose of
radiation used, the total volume of contrast media used as well as
the prevalence of local vascular complications between the two
access routes.

To describe the demographics and clinical characteristics of
patients undergoing DCA and their clinical indications.

To determine the procedure duration in patients subjected to
transradial and transfemoral angiography

To assess for predictors of peri-procedural complications

5.1 Study Design
Retrospective record review.

5.2 Study Population and Sampling
The study population will comprise of patients who had a DCA performed

at the Division of Cardiology at the CMJAH between January 2018 to

December 2019. Both elective and urgent cases will be included.

5.3 Inclusion criteria
Age 18 years and older
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5.4 Exclusion criteria
a) Patients undergoing percutaneous coronary intervention

b) Previous coronary artery bypass graft surgery

c) Patients referred for haemodynamic studies

5.5 Study Site
The study will be conducted at CMJAH, Division of Cardiology.

5.6 Sample Size
A minimum of 100 consecutive patient records will be reviewed. Coronary

angiogram reports, catheterisation laboratory procedure book, and the Electronic

Health Record System (EHR) will be reviewed.

5.7 Data Collection

32



The collected data will consist of demographics, comorbidities, procedural factors
as well as complications. The data collection sheet is attached as Appendix A.
Comorbidities are routinely collected while clerking patients and documented in
the angiogram reports and the EHR system. Study data collected will be
captured and stored in the password-protected Research Electronic Data
Capture (REDCap) tool hosted at the University of the Witwatersrand. The
rationale for including patient identifiers such as the date of birth and the hospital
number is to ensure that duplicate entries are removed when cleaning data, and
for verification of outliers. The patient identifiers will be removed after data

cleaning.

6 DATA MANAGEMENT AND ANALYSIS

Statistical analysis will be performed using STATA version 15 (STATA CORP, Texas).
Data will be expressed as means and standard deviations when normally distributed
and as medians with inter-quartile ranges when non-normally distributed. Data that is
categorical will be expressed as numbers and percentages. The cohort will be
separated into two groups, those who had transfemoral access and those who had
transradial access. Student's t-test will be used to test for intergroup (Transfemoral vs.
transradial access) differences with the Chi-square test being used to test for intergroup
proportion differences. Univariable and multivariable logistic regression will be used to
determine the predictors of peri-procedural complications. All tests will be two-sided

with a p-value less than 0.05 considered as statistically significant.
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7/ ETHICS

Ethics approval will be requested from the University of the Witwatersrand Human Research

Ethics (Medical) Committee. Permission to conduct the study will be requested from the Chief

Executive Officer at the CMJAH, and the Heads of Cardiology and Internal Medicine. Individual

patient information will not be published and the patient’s identity will be protected throughout

the study.

8 TIMING

Aug

Sept

Oct

Nov-Dec

Jan-Feb

2021

Mar

Apr

Literature review

Preparing Protocol

Protocol

Assessment

Ethics Application

Collecting Data

Data analysis

Writing up — thesis

Writing up-paper

34




9 FUNDING

Printing costs will be covered by the Principal investigator.

10POTENTIAL LIMITATIONS

Due to the retrospective nature of the study, data may be missing from the patient records.
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APPENDIX 2 : Data Collection Sheet

Confidential
THE EFFICACY AND SAFETY OF DIAGNOSTIC TRANSRADIAL CORONARY ANGIOGRAPHY
. Page 1
Demographics
Record ID

Hospital Number

Date of Birth
Gender () Male
() Female
Ethnicity () African
(O Caucasian
Q Coloured
(O Indian
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Confidential

Clinical

THE EFFICACY AND SAFETY OF DNAGNOSTIC TRANSHADIAL CORDONARY ANGIOGHRAPHY

Page 2

Comorbidities

[ Diabetes Mellitus

[ Hypertension

[ Dyslipidaemia

[J smoker

[ Ex-Smoker

[ Kidney Disease

[ Peripheral Vascular Disease

[J Human Immunodeficiency Virus
[ Atrial fibrillation

Medication [ Warfarin
[ MSAID's
Weight (kg)
(kg)
Heighk {m)

Body mass index

Systolic BP

Diastolic BP

Haemoglobin

Platelet count

International normalized ratio (INR)

Estimated Glomerular Filtration Rate

Left ventricular ejection fraction (LVEF)
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Procedural

Page 3

Access Route

[ Transfemoral - Right
[ Transfemoral - Left
[ Transradial - Right
[ Transradial - Left

Urgency () Elective
) Emergency
Indication [ Known corenary artery disease

[ suspected coronary artery disease

[ Valvular heart disease

[ Peri-operative evaluation before and after
non-cardiac surgery

Was an intra-arterial bolus given?

) Yes
) No

Type of intra-arterial bolus

[ Nitrocine (glyceryl trinitrate)
[ verapamil
[ Unfractionated Heparin {intravenous)

Specify Nitrocine (glyceryl trinitrate) total dose

Specify verapamil total dose

Specify heparin total dose

Sheath size (French size)

Start Date and Time

End Time

Duraticn of Procedure

Total Radiation Dose

Total Contrast (ml)

Distribution of disease on angiogram

() Mo vessel occlusion
() Single vessel

) Double vessel

) Triple vessel
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Page 4

Age at the time of the angiogram

THE EFFICACY AND SAFETY OF DNAGNOSTIC TRANSHADIAL CORDNARY ANGIOGRAPHY

Complications & Outcomes

Page 5

Vascular complications

[ Dissection
[ Radial artery occlusion/loss of radial pulse
[ Haematoma

[0 Aneurysm

[ Spasm

[1] Haemorrhage

[ AV Fistula
Other
Mortality ) Yes

) No
Conversion of Access ) Yes

) No
Site used for conversion of access

Left Right

Radial a O
Femoral O O
Successful DCA O Yes

1 Mo

Primary operator

CJAE [JAP [JAM [JDS []DM
ONT OTK Oua

CJDK [OFS [JHD [JKC [OMM [JNL
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