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   INSTRUCTIONS FOR AUTHORS 
 

MANUSCRIPTS 
Manuscripts containing original material are accepted 
for consideration if neither the article nor any part of 
its essential substance, tables, or figures has been or 
will be published or submitted elsewhere before 
appearing in the Journal. This restriction does not 
apply to abstracts or press reports published in 
connection with scientific meetings. Copies of any 
closely related manuscripts must be submitted along 
with the manuscript that is to be considered by the 
Journal. Authors of all types of articles should follow 
the general instructions given below. Please see Types 
of Articles for specific word counts and instructions. 

SUBMISSION  

 Only online submission is acceptable. Please 
submit online at: http://www.aryajournal.ir  

 Manuscripts should be divided into the 
following sections: (1) Title page, (2) Abstract and 
Keywords, (3) Introduction, (4) Methods, (5) 
Results, (6) Discussion, (7) Acknowledgements, 
(8) Authors contribution, (9) References, (10) 
Figures’ legend, (11), Tables and (12) Appendices. 
Figures should be submitted in separate files 
using JPEG or TIF format. 

 Prepare your manuscript text using a Word 
processing package (save in .doc or .rtf format 
NOT .docx). Submissions of text in the form of 
PDF files are not permitted.  

COVER LETTER 
A covering letter signed by corresponding author 
should provide full contact details (include the 
address, telephone number, fax number, and Email 
address). Please make clear that the final manuscript 
has been seen and approved by all authors, and that 
the authors accept full responsibility for the design 
and conduct of the study, had access to the data, and 
controlled the decision to publish. There should also 
be a statement that the manuscript is not under 
submission elsewhere and has not been published 
before in any form.  

AUTHORSHIP 
As stated in the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals, credit for authorship 
requires substantial contributions to: (a) conception and 
design, or analysis and interpretation of data; (b) the 
drafting of the article or critical revision for important 
intellectual content and (c) final approval of the 
version to be published. Authors should meet  

 
conditions a, b and c. All authors must sign authorship 
form attesting that they fulfill the authorship criteria. 
Your submitted manuscript will not be processed 
unless this form is sent. There should be a statement 
in manuscript explaining contribution of each author 
to the work. Those contributors who did not fulfill 
authorship criteria should be listed in 
acknowledgments.  
Any change in authorship after submission must be 
approved in writing by all authors. 

ASSURANCES 
In appropriate places in the manuscript please provide 
the following items: 

 If applicable, a statement that the research 
protocol was approved by the relevant 
institutional review boards or ethics committees 
and that all human participants gave written 
informed consent  

 The source of funding for the study  

 The identity of those who analyzed the data  

 Financial disclosure or a statement indicating 
“None” is necessary. 

TITLE PAGE 
With the manuscript, provide a page giving the title of 
the paper; titles should be concise and descriptive (not 
declarative). Title page should include an abbreviated 
running title of 40 characters, the names of the 
authors, including the complete first names and no 
more than two graduate degrees, the name of the 
department and institution in which the work was 
done, the institutional affiliation of each author. The 
name, post address, telephone number, fax number, 
and Email address of the corresponding author 
should be separately addressed. Any grant support 
that requires acknowledgment should be mentioned 
on this page. Word count of abstract and main text as 
well as number of tables and figures and references 
should be mentioned on title page. If the work was 
derived from a project or dissertation, its code should 
also be stated. For clinical trials, a registry number like 
Iranian Registry of Clinical Trials (IRCT) should also 
be provided.  

Affiliation model: Academic Degree, Department, 
Institute, City, Country  
Example: Associate Professor, Department of 
Cardiology, School of Medicine, Isfahan University of 
Medical Sciences, Isfahan, Iran 

http://arya.mui.ac.ir/documents/AuthorshipForm.doc
http://arya.mui.ac.ir/documents/AuthorshipForm.doc
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ABSTRACT 
Provide on a separate page an abstract of not more 
than 300 words. This abstract should consist of 
four paragraphs, labeled Background, Methods, 
Results, and Conclusion. They should briefly 
describe the problem being addressed in the study, 
how the study was performed, the salient results, 
and what the authors conclude from the results, 
respectively. Three to 10 keywords may be 
included. Keywords are preferred to be in 
accordance with MeSH terms. Find MeSH terms: 
http://www.ncbi.nlm.nih.gov/mesh 

CONFLICT OF INTEREST 
Authors of research articles should disclose at the 
time of submission any financial arrangement they 
may have with a company whose product is 
pertinent to the submitted manuscript or with a 
company making a competing product. Such 
information will be held in confidence while the paper 
is under review and will not influence the editorial 
decision, but if the article is accepted for publication, 
a disclosure will appear with the article. 
Because the essence of reviews and editorials is selection 
and interpretation of the literature, the Journal expects 
that authors of such articles will not have any significant 
financial interest in a company (or its competitor) that 
makes a product discussed in the article. 

REVIEW AND ACTION 
Submitted papers will be examined for the evidence 
of plagiarism using some automated plagiarism 
detection service. Manuscripts are examined by 
members of the editorial staff, and two thirds are sent 
to external reviewers. We encourage authors to 
suggest the names of possible reviewers, but we 
reserve the right of final selection. Communications 
about manuscripts will be sent after the review 
and editorial decision-making process is 
complete. After acceptance, editorial system 
makes a final language and scientific edition. No 
substantial change is permitted by authors after 
acceptance. It is the responsibility of 
corresponding author to answer probable 
questions and approve final version.  

COPYRIGHT 
Isfahan Cardiovascular research Institute (ICRI) is the 
owner of all copyright to any original work published by the 
ARYA Journal. Authors agree to execute copyright transfer 
forms as requested with respect to their contributions 
accepted by the Journal. The ICRI have the right to use, 
reproduce, transmit, derive works from, publish, and 
distribute the contribution, in the Journal or otherwise, in 
any form or medium. Authors will not use or authorize the 

use of the contribution without the Journal Office’ written 
consent 

JOURNAL STYLE  

Use normal page margins (2.5 cm), and double-space 
throughout.  

Tables 
Double-space tables and provide a title for each.  

Figures 
Figures should be no larger than 125 (height) x 180 
(width) mm (5 x 7 inches) and should be submitted in 
a separate file from that of the manuscript. The name 
of images or figures files should be the same as the 
order that was used in manuscript (fig1, fig2, etc.). 
Only JPEG, tif, gif and eps image formats are 
acceptable with CMYK model for colored image at a 
resolution of at least 300 dpi. Graphs must have the 
minimum quality: clear text, proportionate, not 3 
dimensional and without disharmonic language. 
Electron photomicrographs should have internal scale 
markers.  
If photographs of patients are used, either the subjects 
should not be identifiable or the photographs should be 
accompanied by written permission to use them. Permission 
forms are available from the Editorial Office. 
Medical and scientific illustrations will be created or 
recreated in-house. If an outside illustrator creates 
the figure, the Journal reserves the right to modify 
or redraw it to meet our specifications for 
publication. The author must explicitly acquire all 
rights to the illustration from the artist in order for 
us to publish the illustration. Legends for figures 
should be an editable text as caption and should 
not appear on the figures. 

References 
The Vancouver style of referencing should be used. 
References must be double-spaced and numbered as 
superscripts consecutively as they are cited. References 
first cited in a table or figure legend should be 
numbered so that they will be in sequence with 
references cited in the text at the point where the 
table or figure is first mentioned. List all authors when 
there are six or fewer; when there are seven or more, 
list the first six, then “et al.” In the following some 
examples are listed:  

1. McLaughlin TJ, Aupont O, Bambauer KZ, Stone P, 
Mullan MG, Colagiovanni J, et al. Improving 
psychologic adjustment to chronic illness in cardiac 
patients. The role of depression and anxiety. J Gen 
Intern Med 2005; 20(12): 1084-90. 

2. Bonow RO, Mann DL, Zipes DP, Libby P. 
Braunwald's Heart Disease E-Book: A Textbook of 
Cardiovascular Medicine. 7th ed. Philadelphia, PA: 
Elsevier Health Sciences; 2007. p. 1976, 1981, 1982. 

http://www.ncbi.nlm.nih.gov/mesh
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3. Gaston M. The psychological care of patients 
following a myocardial infarction [Online]. 2003; 
Available from: URL: 
http://www.nursingtimes.net/the-psychologicalcare-
of-patients-following-a-
myocardialinfarction/199464.article/ 

Units of Measurement 
Authors should express all measurements in 
conventional units, with Système International (SI) 
units given in parentheses throughout the text. 
Figures and tables should use conventional units, with 
conversion factors given in legends or footnotes. In 
accordance with the Uniform Requirements, however, 
manuscripts containing only SI units will not be 
returned for that reason.  

Abbreviations 
Except for units of measurement, abbreviations are 
discouraged. Consult Scientific Style and Format: The 
CBE Manual for Authors, Editors, and Publishers 
(Sixth edition. New York: Cambridge University 
Press, 1994) for lists of standard abbreviations. 
Except for units of measurement, the first time an 
abbreviation appears, it should be preceded by the 
words for which it stands. 
Drug Names 
Generic names should generally be used except for 
studies on comparative effects of different brands. 
When proprietary brands are used in research, include 
the brand name and the name of the manufacturer in 
parentheses in the Methods section. 

For any more detail about the writing style for your 
manuscripts refer to:  
http://www.icmje.org 
Try to prepare your manuscript in accord with the 
scientific writing checklists available in EQUATOR 
Network:  

http://www.equator-network.org 
 
AFTER YOUR SUBMISSION 
When a manuscript arrives to ARYA office, a staff 
member checks it to make sure that all materials 
required for submission are included. If everything is 
present, the article is registered in office and referred 
to the managing editor.  
The first step the manuscript makes on its editorial 
journey is on the desk of the editor-in-chief, who 
reviews each submission (in his absence this is done 
by the managing editor) and decides on the basis of its 
general content whether it is appropriate even for 
consideration for publication. Each of the remaining 
scientific manuscripts is assigned to an associate 
editor with expertise in the subject area covered by 
the study, who makes an independent assessment of 

the value and validity of the paper. If the associate 
editor believes that even with favorable reviews the 
paper would not be published because it lacks novelty 
or importance, or if he/she spots a major flaw in 
experimental design, performance or statistical 
analysis the manuscript is returned to the authors.  
If, on the other hand, the associate editor believes 
that the paper may merit publication, it is sent to two 
of our outside reviewers. They are asked to provide a 
frank evaluation of the scientific validity of the manuscript, 
insight into its freshness, clinical impact, and timeliness, and an 
overall opinion of its worthiness for publication. This is 
the key step in manuscript evaluation. As editors, we 
are grateful to all our reviewers for their continued 
contribution to the rating process. We are careful not 
to refer to them as "referees," which would suggest 
that the decision to publish a paper rests entirely with 
them. It does not. The reviewers provide critiques and 
advice that the editorial staff uses in making decisions.  
But we, ARYA editorial board, make the decisions.  
When both outside reviews are returned, the associate 
editor then assesses the manuscript again, along with 
the comments of the reviewers. She may seek 
additional opinions from other reviewers, or may 
discuss the manuscript at a meeting of the entire 
editorial staff. At this meeting a decision is made 
either to reject the paper or to proceed further 
editorial consideration, including, if appropriate, a 
formal review of the statistical or experimental 
methods. In some cases, the editorial staff may 
recommend additional review by outside reviewers. 
On completion of this process, the manuscript is 
usually returned to its authors along with a letter 
inviting them to revise it and to respond to certain 
questions. When all the requested information has 
been received, the manuscript is reconsidered by an 
associate editor, and it may be discussed again with 
other members of the editorial staff. We then make 
our final decision to accept or reject the paper.  
We recognize that the peer-review process is not 
perfect, but we earnestly believe that it is the best way 
to select and publish the most important medical 
research. Peer review is labor-intensive and 
sometimes time-consuming, but without it physicians 
themselves would have to assess the validity of new 
medical research and decide when to introduce new 
treatments into practice.  
We do all our efforts to finalize this process in a 3 to 4 
months period for each manuscript. 
We understand the importance of a submitted 
manuscript to its authors. We invite you to submit 
your best research to us; we will treat it with 
respect, and you can follow it on its journey.  

http://www.icmje.org/
http://www.equator-network.org/
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Type of Articles Considered to be Published in  
ARYA Atherosclerosis Journal 

 

ARYA Atherosclerosis is a quarterly peer-reviewed scientific Journal providing academically sound, clinically 
practical information for physicians, medical scientists and health care providers. ARYA Atherosclerosis is 
published by Isfahan Cardiovascular Research Institute. Journal editors review articles in fields of 
atherosclerosis, its risk factors and related diseases. 

 
ORIGINAL RESEARCH 

 Original Articles are scientific reports of the 
results of original clinical research. The text is 
limited to 3000 words (excluding abstracts and 
references), with a structured abstract, a maximum 
of 5 tables and figures (total), and up to 40 
references.  

 Special Articles include data and generally focus 
on areas such as economic policy, ethics, law, or 
health care delivery. The text is limited to 3000 
words, with an abstract, a maximum of 5 tables and 
figures (total), and up to 40 references.  

  Short communication articles are short 
scientific entities often dealing with methodological 
problems or with byproducts of larger research 
projects and are suitable for the presentation of 
research that extends previously published research. 
A short communication is for a concise, but 
independent report representing a significant 
contribution to cardiology. Short communication is 
not intended to publish preliminary results. It 
should be no more than 1500 words, and could 
include two figures or tables. It should have at least 
8 references. Short communications are also sent to 
peer review. 

 
CLINICAL CASES 

 Brief Reports usually describe one to three 
patients or a single family. The text is limited to 
2000 words, a maximum of 3 tables and figures 
(total), and up to 25 references. They do not include 
an abstract.  

 Clinical Problem-Solving manuscripts consider 
the step-by-step process of clinical decision making. 
Information about a patient is presented to an 
expert clinician or clinicians in stages (in the 
manuscript this is indicated in boldface type) to 
simulate the way such information emerges in 
clinical practice. The clinician responds (regular  

 

type) as new information is presented, sharing his 
or her reasoning with the reader. The text should 
not exceed 2500 words, and there should be no more 
than 20 references. The use of clinical illustrative 
materials, such as x-ray films, is encouraged.  

 
REVIEW ARTICLES 

All review articles undergo the same peer-review 
and editorial process as original research reports. 

Conflicts of Interest: Because the essence of review 
articles is selection and interpretation of the literature, 
the ARYA Atherosclerosis Journal expects that the 
authors of such articles will not have a significant 
financial association with a company (or its 
competitor) that makes a product discussed in the 
article.  

 Clinical Practice articles are evidence-based 
reviews of topics relevant to practicing physicians, 
both primary care providers and specialists. Articles 
in this series should include the following sections: 
clinical context, strategies and evidence, areas of 
uncertainty, guidelines from professional societies, 
and recommendations from the authors. The text is 
limited to 2500 words, and a small number of 
figures and tables. They do not include an abstract.  

 Current Concepts articles focus on clinical 
topics, including those in specialty areas but of wide 
interest. The text is limited to 2400 words, with a 
maximum of four figures and tables (total), and up 
to 50 references. They do not include an abstract.  

 Drug Therapy articles detail the pharmacology 
and use of specific drugs or classes of drugs, or the 
various drugs used to treat particular diseases. The 
text is limited to 4000 words, with a maximum of 
six figures and tables (total), and up to 120 
references. They do not include an abstract.  

 Mechanisms of Disease articles discuss the 
cellular and molecular mechanisms of diseases or 



 v 

categories of diseases. The text is limited to 3500 
words, with a maximum of six figures and tables 
(total), and up to 100 references. They do not 
include an abstract.  

 Medical Progress articles provide 
comprehensive, scholarly overviews of important 
clinical subjects, with the principal (but not 
exclusive) focus on developments during the past 

five years. Each article details how the perception 
of a disease, disease category, diagnostic approach, 
or therapeutic intervention has evolved in recent 
years. The text is limited to 3500 words, with a 
maximum of six tables and figures (total), and up to 
100 references. They do not include an abstract.  

 

OTHER SUBMISSIONS 

 Editorials usually provide commentary and 
analysis concerning an article in the issue of the 
Journal in which they appear. They may include an 
illustration or table. They are nearly always solicited, 
although occasionally, unsolicited editorials may be 
considered. Editorials are limited to 1200 words, 
with up to 15 references.  

 Perspectives are also nearly always solicited, but 
we are willing to consider unsolicited proposals. 
Perspectives provide background and context for an 
article in the issue in which they appear. Perspectives 
are limited to 800 words and usually include an 
illustration. There are no reference citations.  

 Sounding Board articles are opinion essays. They 
are similar to editorials but not tied to a particular 
article. They often present opinions on health policy 
issues and are normally unsolicited. The text is limited 
to 2000 words.  

 Clinical Implications of Basic Research 
articles discuss single papers from preclinical 
journals. The purpose is to explain the findings and 
comment on their possible clinical applications in 
fewer than 1000 words. There may be one figure 
and up to four references. We do not consider 
unsolicited manuscripts in this category.  

 Images in Clinical Medicine are classic images 
of common medical conditions. Visual images are 
an important part of much of what we do and learn 
in medicine. This feature is intended to capture the  
 

 
 

sense of visual discovery and variety that physicians 
experience. Images in Clinical Medicine are not 
intended as a vehicle for case reports.  

 Special Reports are miscellaneous articles of 
special interest to the medical community. They are 
limited to 2700 words.  

 Legal Issues in Medicine are nearly always 
solicited, but Journal is willing to consider 
unsolicited manuscripts or proposals for 
manuscripts.  

 Health Policy Reports are nearly always 
solicited, but Journal is willing to consider 
unsolicited manuscripts or proposals for 
manuscripts.  

 Occasional Notes are accounts of personal 
experiences or descriptions of material from outside 
the usual areas of medical research and analysis.  

 Book Reviews are generally solicited.  

 Letters to the Editor: Letters to the Editor are 
considered for publication (subject to editing and 
abridgment) provided they do not contain material 
that has been submitted or published elsewhere. 
The text, not including references, must not exceed 
175 words if it is in reference to a recent Journal 
article, or 400 words in all other cases. A letter must 
have no more than five references and one figure or 
table. It must not be signed by more than three 
authors. Letters referring to a recent Journal article 
must be received within three weeks of its 
publication. 
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cerebrovascular events 
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Abstract 
BACKGROUND: Assessing the risk of recurrent ischemic events in patients with transient 
ischemic attack (TIA) and minor ischemic stroke (MIS) is of a great importance in clinical 
practice. 

METHODS: Consecutive patients with TIA or MIS who were visited in Ghaem Hospital, 
(Mashhad, Iran) were enrolled in a prospective cohort study during 2010 to 2011. Diagnosis of 
TIA or MIS was accomplished by a stroke neurologist. Only those who presented within 24 
hours from the onset of symptoms were recruited. MIS was considered as an ischemic stroke 
with National Institutes of Health Stroke Scale (NIHSS) < 4. The endpoint of the study was a 
new ischemic cerebrovascular event or vascular death in 90 days and additionally in 3 days. The 
decision to admit and type of treatment in each case was left to the discretion of the stroke 
neurologist. The association between 20 potential factors with recurrent ischemic events in 3 
and 90 days was investigated using univariate and multivariate analysis (MVA). 

RESULTS: 393 TIA patients (238 males and 155 females) and 118 MIS patients (77 males and 41 
females) were enrolled in the study. Stroke occurred in 117 (23.2%) patients, TIA in 99 (19.6%), 
and there was 11 (2.2%) vascular deaths within 3 months in the total 511 patients with minor 
ischemic events. Crescendo TIAs and multiple TIAs were associated with greater risk of stroke in 
3 days in a univariate analysis (OR = 5.12, P < 0.001) and (OR = 3.98, P = 0.003), respectively. 
Patients with index stroke had 11.5% lower risk of recurrent stroke in 3 days than patients with 
index TIA in multivariate analysis (OR = 0.115, P = 0.039). Diabetes was independently 
associated with 3 months stroke recurrence in the patients with minor ischemic events  
(OR = 2.65, P = 0.039). 

CONCLUSION: Multiple and crescendo TIAs are the main predictors of stroke recurrence, 
derived from the univariate analysis of the patients with minor ischemic events. 
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Introduction 

The approach for management of patients with 
transient ischemic attack (TIA) or minor ischemic 
stroke (MIS) has been remained variable and 
controversial.1 Reliable and easily obtainable 
information on each patient risk profile should be 
promptly available in the emergency setting to guide 
the management.2 A large number of TIA and MIS 
patients do not go on to experience an early stroke. 
These patients do not need to be exposed to 
potentially risky therapies from which they will drive 

no benefit, nor do they need to use high-intensity 
resources. The clinical imperative is to sort out 
those patients who need immediate attention and 
those who do not. Because there is no single 
prognostic factor for TIA patients differentiating 
who are going to suffer an event or not, it is very 
difficult to achieve perfect discrimination.3 TIA 
heralds a relatively high risk of stroke between 10% 
and 20% in the ensuing 90 days and half of the risk 
of early stroke occurs in the first 2 days after TIA.4,5 
In managing patients with TIA or MIS, it would be 
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useful to know a given patient risk for having a 
stroke in the near future.6 Identification of predictive 
factors in short-term recurrence of ischemic 
cerebrovascular events in TIA and MIS patients 
constitutes the objectives of the present study. 

Materials and Methods 
Patients with consecutive TIA or MIS were 
prospectively evaluated in Ghaem Hospital and 
Stroke Clinic (Mashhad, Iran) during 2010-2011. 
This prospective cohort study included patients 
with initial TIA or MIS with or without (as control) 
subsequent ischemic cerebrovascular events. 
Diagnosis of TIA or MIS was done by a stroke 
neurologist. Only those who presented within  
24 hours from the onset of symptoms were 
enrolled.2 Whether the initial ischemic symptoms 
lasted less than or more than 24 hours, categorized 
the patients as TIA or MIS, respectively. Patients 
had to access the hospital or stroke clinic within 24 
hours of post event to enhance precise recall of the 
type and duration of symptoms and to guarantee 
inclusion of very short-term strokes.2 Patients were 
enrolled in this study if they had a Pre-morbid 
Modified Rankin Scale ≤ 1.5 Ischemic stroke and 
TIA was defined as a sudden focal neurologic 
deficit of presumed arterial origin lasting ≥ 24 hours 
and < 24 hours, respectively with or without 
corresponding ischemic lesion on brain imaging.8 
MIS was considered as an ischemic stroke with 
National Institutes of Health Stroke Scale (NIHSS) 
< 4.5 Exclusive criteria were clinical evaluation over 
24 hours from the end of the transient event and a 
final diagnosis of non-ischemic causes of symptoms 
such as migraine, seizure and anxiety.7 A known 
cognitive impairment and a significant comorbidity 
limiting participation in the study also was 
considered as exclusive criteria.1 The patients with 
disabling stroke, defined as NIHSS ≥ 4 in 1 day 
after event to allow for a more reliable assessment 
of recurrent events were excluded from the study.8 
The endpoint of the study was a new ischemic 
cerebrovascular event or vascular death in 90 days 
and additionally in 3 days. Recurrent TIA, stroke 
and vascular death as well as the hospital admission 
and ongoing medication were recorded.7 Recurrent 
stroke was considered as the exacerbation by at least 
4 points in the initial NIHSS punctuation or clearly 
defined new symptoms of > 24 hours duration that 
suggested a new ischemic event.9,10 A recurrent TIA 
was defined as a new neurologic symptom of < 24 
hours duration that was caused by focal ischemia in 
the brain or retina.1,11 Follow up data were obtained 

from direct patient visit in 3 and 90 days or by 
centralized telephone interview if patients failed to 
attend the visit.9 Follow up was continued until death 
or 3 months from the date of the index event.1 All 
recurrent TIA and stroke were assessed and 
investigated by a stroke neurologist.7 Vascular death 
was defined by acute coronary syndrome or 
cerebrovascular syndrome certified as the cause of 
death or contributing directly to death.1 In patients 
who had multiple recurrent events, the endpoint was 
classified as the first recurrence after the index 
ischemic event.10 All patients underwent blood test, 
ECG, head scan and duplex ultrasound of neck arterial 
trunks.6,12 The decision to admit and treatment in each 
case was left to the discretion of the stroke 
neurologist. A strict control of vascular risk factors 
after discharge in all cases was recommended. 
Antiplatelet therapy was recommended in acute phase 
of all the patients with exception of those with 
cardioembolic strokes, patients already pretreated with 
antiplatelet, patients with crescendo TIA or 
progressive stroke after antiplatelet treatment in whom 
anticoagulation was initiated.9  

A detailed history was taken from each TIA or 
MIS patient with a standardized questionnaire 
which included following variables. As far as 
possible, variables were defined and categorized in 
the same way as had been predictive in previous 
studies.1-13 Age was dichotomized at 60 years.13 
Clinical features were categorized as motor 
weakness (focal and unilateral weakness of one or 
more of face, arm, hand or leg) versus speech 
disturbances (defined as either dysarthria or 
dysphasia stroke or both).13 Limb weakness required 
a clear description of loss of power as opposed to 
more vague terms such as clumsiness or heaviness.13 
Isolated sensory or visual symptoms were also 
recorded in the patients.14 Duration of symptoms 
was categorized as less than 10 minutes, 10-59 
minutes, and 60 minutes or longer.13 Hypertension 
was defined as using antihypertensive medication or 
patients with two blood pressure values (at least 1 
week interval) of > 140/90 mm/Hg.6,15 
Administration of antidiabetic medication or a 
fasting blood glucose > 6.4 mmol/L or > 126 
mg/dL were definitions of diabetes mellitus.2,9,15 
Hyperlipidemia was defined as use of lipid lowering 
medication, serum cholesterol concentration > 5.2 
mmol/L or > 220 mg/dL, LDL cholesterol > 130 
mg/dL, or serum triglyceride concentration > 150 
mg/dL.9,15 Current smoking habits was also 
recorded.9 Patients who smoked more than 5 
cigarettes per day in recent year were defined as 
smoker.15,16 Stroke was analyzed for the non-TIA 
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index event (the distinction between MIS and TIA 
was determined by the presence of symptoms 
lasting > 24 hours). Duplex ultrasound served for 
detection of ≥ 70% carotid stenosis corresponding 
to manifestations.17,18 Acute stroke signs in brain 
CT performed within 24 hours post event, previous 
history of stroke or TIA, and prior TIA in previous 
7 days named as multiple TIA.9,19 Cardiac risk 
factors included atrial fibrillation (prior documented 
history or evidence in the baseline ECG);2,19 
coronary artery disease (evidence in the baseline 
ECG or documented prior history of angina 
pectoris or myocardial infarction);9,19 other high risk 
cardioembolic sources (defined if long-term 
anticoagulation was indicated based on findings in 
previous medical record, ECG or 
echocardiography).19,20 Crescendo TIAs was defined 
as two or more TIAs within the past week with 
increasing in duration and in severity of deficit.21,22 
The 3 days and 90 days risk of TIA or stroke was 
determined in relation to each variable13. The 
successful follow up percentage was 92% and 
patients without complete follow-up were not 
analyzed and omitted from the results. Data on 
demographics and above variables were recorded in 
a standardized questionnaire and entered in SPSS 
for Windows 16.0 (SPSS Inc., Chicago, IL, USA). 
The primary analysis estimated the proportion of 
patients with endpoints for each category of 
variables. Differences of all the variables in the 
univariate analysis were evaluated by chi-square and 
Fisher’s exact tests. Multivariable odds ratios (OR) 
with 95% CI were calculated in the secondary 
analysis of recurrence predictors using a multiple 
logistic backward regression model. The research 
was approved by the Ethics Committee of Ghaem 
Hospital, and an inform consent was obtained from 
the patients. There was no delay in any of the 
therapeutic interventions in order to continue the 
present study.9 

Results 
A total of 511 patients (315 and 196 males and 
females, receptively) meeting the eligibility criteria 
were recruited and completed the follow-up study 
during 2010 to 2011. Three hundred and ninety 
three TIA patients (238 and 155 males and females, 
receptively) and 118 MIS patients (77 and 41 males 
and females, receptively) were enrolled in the study. 
72.4% of the patients (370 out of 511) were 
admitted in the hospital and the others were 
recruited from the stroke clinic. The mean age of all 
the patients was 68.5 ± 4.7 years and 63.2% of the 
patients were ≥ 60 years of age. The elapsed time 

from symptom onset to evaluate the index event 
was less than 24 hours in all the cases (14.6 ± 2.2 
hours). The mean age of TIA and MIS patients was 
68.4 years and 66.2 years, respectively. 117 strokes 
(23.2%), 99 TIA (19.6%), and 11 vascular deaths 
(2.2%) occurred within 3 months of post event in 
total of 511 patients with minor ischemic events. 
The estimated risk of recurrent stroke, TIA and 
vascular death in the present cohort is illustrated in 
table 1. Evidence of new brain infarction was 
identified on brain CT of 2.03% patients (8 out of 
393) with TIA, 39.8% (47 out of 118) of the 
patients with MIS, and 46.6% (55 out of 118) of the 
entire cohort. Duplex ultrasound disclosed 
symptomatic ≥ 70% extracranial internal carotid 
artery stenosis in 3.4% (4.118) of the patients with 
TIA, 3.6% (14 out of 393) patients with MIS, and 
3.5% (18 out of 511) patients with minor ischemic 
event. The effects of 20 evaluated features on 
recurrence rate of TIA or MIS during 3 days and  
3 months follow-up in patients with minor ischemic 
cerebrovascular events is described in table 2. From 
the univariate analysis (Table 2), 3 out of the 20 
factors were statistically significant for predicting 
stroke and TIA at 3 days. Crescendo TIAs and 
multiple TIAs were associated with 5-fold and  
4-fold greater risk of stroke in 3 days in a univariate 
analysis (χ2 = 48.0, OR = 5.12, 95%CI 3.13-8.35,  
P < 0.001) and (χ2 = 3.98, OR = 3.98; 95%CI  
1.53-10.3, P = 0.003), respectively. MIS patients had 
significantly lower rate of stroke in 3 days 
comparing to TIA cases; (χ2 = 24.6, OR = 0.109, 
95%CI 0.028-0.289, P < 0.001). There was a 
significant association of 4 evaluated factors with  
3 months recurrence of stroke in the univariate 
analysis (Table 2). Crescendo TIAs and multiple 
TIAs were associated with 3.7-fold and 3-fold 
greater risk of stroke in 3 months in a univariate 
analysis (χ2 = 31.4, OR = 3.72, 95%CI 2.30-6.0,  
P < 0.001) and (χ2 = 11.97, OR = 3.08, 95%CI 
1.58-5.98, P < 0.001), respectively. The ABCD2 
score is a prognostic system based on clinical data 
designed to predict stroke risk within 7 days after 
TIA to guide the triage.17 The ABCD2 score is the 
most externally validated prediction tool currently 
available.17,18 This score has been independently 
validated in different clinical settings and is now 
recommended for use in triaging TIA patients by 
several major clinical guidelines.17,18,20 Among the 
ABCD2 items, only weakness had a significant effect 
on recurrence of stroke at 3 months; (χ2 = 5.21,  
OR = 2.09, 95%CI 1.09-4.01, P = 0.025) in 
univariate analysis. MIS patients had significantly 
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lower rate of stroke in 3 months comparing to TIA 
cases; (χ2 = 15.19, OR = 0.26, 95%CI 0.12-0.53,  
P < 0.001). The association of the 20 factors with 
stroke and TIA recurrence at 3 days and 3 months 
in a similar multivariate model of our cohort were 
separately analyzed in table 3. On multivariate 
backward logistic regression analysis of the total 511 
patients, only index TIA/stroke was significantly 
associated with 3 days stroke recurrence;  
(OR = 0.115, 95%CI 0.015-0.898; df = 1,  
P = 0.039). In other words, patients with index 
stroke had 11.5% lower risk of recurrent stroke in 3 
days compared patients with index TIA. Weakness 
was the only factor associated significantly with 3 
days TIA recurrence in multivariate analysis of our 
cohort; (OR = 4.61, 95%CI 1.014-20.97, df = 1,  
P = 0.048). This item increased 4.6-fold risk of 3 
days TIA in patients with minor ischemic event. 
Diabetic patients had 2.6-fold more chance of 
recurrent stroke in 90 days in multivariate analysis 
of our whole cohort; (OR = 2.65, 95%CI 1.49-6.72, 
df = 1, P = 0.039). None of the other evaluated 
factors had a significant independent influence on 
stroke recurrence in 3 months follow-up of the 
study groups. Eleven vascular deaths (4 males, 7 
females) occurred during 3 months of follow-up in 
the whole cohort and 6 vascular deaths happened in 
3 days too. Among 20 evaluated factors, only 
coronary artery disease and atrial fibrillation had a 
significant association with 3 months vascular death 
in univariate analysis; (χ2 = 8.91, OR = 5.48, 95%CI 
1.57-19.04, P = 0.007) and (χ2 = 18.91, OR = 10.41, 
95%CI 2.86-37.85, P = 0.002), respectively. Due to 
low number of cases with vascular death, logistic 
regression analysis was not possible for association of 
20 factors with vascular death in the present cohort. 

Discussion 
The 3 days and 3 months rate of recurrent stroke in 
the whole cohort with TIA or MIS was 20.6% and 
23.1%, respectively. A prospective study of 345 TIA 
patients in Spain was associated with 20% risk of 
stroke within the next 90 days and half of this 

recurrent events occurred in first 3 days.23 The risk 
of stroke was 2.5% at 2 days in an Italian study of 
TIA patients19 and 11.1% at 90 days in another 
study in Canada.5 711 patients with TIA or MIS 
were prospectively recruited from five centers in the 
UK.1 Recurrent stroke and TIA occurred in 90 days 
in 4% and 14% of the cohort respectively.1 Review 
of a Canadian stroke registry found that the stroke 
risk in 30 days after a first TIA was 8%, with half of 
these strokes occurred within the first 2 days.24 

Thirty four percent risk of stroke in 3 days and 36% 
risk of stroke at 90 days in our TIA patients was 
much higher than other reported studies.25-27 The 
main reason of this high frequency of recurrent 
stroke in our patients was diagnosis of index TIA by 
stroke neurologist which diminished recruiting 
migraine, seizure and neurotic patients as probable 
TIA. The main indication for admission of TIA 
patients in our center was appearance of multiple or 
crescendo TIAs. This group of TIA patients was 
more risky than other cases.28 Since 71.2% of our 
TIA patients had multiple TIAs and TIA cases 
constituted 76.9% of our whole patients, the high 
rate of 3 days and 3 months stroke recurrence in 
our cohort was reasonable. A similar study 
performed in Spain in patients with TIA or MIS 
revealed 16.1% rate of 3 months and 9% rate of 7 
days recurrent stroke.9 This Spanish study did not find 
any different risk of recurrent stroke between patients 
with minor stroke compared to patients with TIA.9 In 
a cohort study of TIA or MIS patients in the UK, 
estimated risk of stroke in 7 days, 30 days and 90 
days was higher for MIS than TIA patients.29 In 
multivariate regression analysis of the present 
cohort, only index TIA/stroke was associated with 
a significant effect on recurrence of stroke within  
3 days. Stroke as index event had a significantly 
protective effect on recurrence of stroke and whole 
ischemic cerebrovascular events in 3 days and  
3 months in our patients in univariate analysis 
Paradoxically, the risk of a subsequent ischemic 
stroke may be less after a completed stroke than 
after a TIA.11  

 
Table 1. Number and percentage of patients with recurrent stroke, transient ischemic attack and vascular death during 3 
days and 3 months follow-up of the whole cohort 

Index event/ 
follow up event 

3 days 
stroke 

3 days TIA 3 days vascular 
death 

3 months 
stroke 

3 months 
TIA 

3 months 
vascular death 

TIA n = 393 132 (34%) 40 (10.2%) 2 (0.5%) 141 (35.9%) 108 (27.5%) 5 (1.3%) 

MIS = 118 7 (5.9%) 37 (31.5%) 4 (3.4%) 29 (24.6%) 71 (60.2%) 6 (5.1%) 

Total = 511 104 (20.4%) 41 (8.1%) 6 (1.2%) 117 (22.9%) 99 (19.4%) 11 (2.2%) 
TIA: Transient ischemic attack; MIS: Minor ischemic stroke   
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Table 2. The analyzed factors and their association in the univariate analysis with stroke and transient ischemic attack recurrence in 3 days and 3 months in 505 patients 

Analysed Factor (number) 
3 days stroke risk  3 days TIA risk  

3 days stroke 
+ TIA risk 

3 months stroke 
risk  

3 months TIA risk 
OR 

3 months 
stroke+TIA risk  

OR P OR P OR P OR P OR P OR P 

Age group ≥ 60 (323) 1.242 0.403 0.872 0.734 1.118 0.602 1.183 0.493 0.948 0.899 1.192 0.382 

Duration*  - 0.320 - 0.862 - 0.313 - 0.744 - 0.517 - 0.305 

Gender (male:315) 0.861 0.554 0.518 0.090 0.705 0.117 1.013 1 0.980 0.358 1.066 0.496 

Hypertension (357) 1.436 0.207 1.794 0.156 1.630 0.046 1.506 0.117 1.398 0.282 1.552 0.040 

Diabetes (131) 1.431 0.186 1.246 0.574 1.438 0.107 1.484 0.128 1.424 0.206 1.776 0.007 

Hyperlipidemia (166) 0.872 0.062 1.298 0.481 0.999 1 0.810 0.408 1.150 0.599 1.025 0.920 

Smoking (74) 1.309 0.413 0.820 0.819 1.156 0.667 1.196 0.535 0.823 0.729 0.921 0.792 

Atrial fibrillation (30) 0.554 0.446 0.926 1 0.635 0.386 0.321 0.132 0.694 0.782 0.446 0.136 

Coronary disease (128) 1.048 0.893 1.536 0.251 1.232 0.409 1.021 1 1.383 0.251 1.094 0.741 

Other cardiac disease (13) 0.815 0.139 0.968 1 0.232 0.20 0.791 0.080 0.444 0.702 0.157 0.070 

≥70% carotid stenosis (18) 0.543 0.548 0.650 1 0.540 0.423 0.749 1 0.650 0.751 0.621 0.713 

History of stroke(85) 1.211 0.533 2.717 0.007 1.799 0.028 1.347 0.294 2.041 0.019 1.601 0.072 

Index (TIA-Stroke)** 0.109 0.000 1.671 0.170 0.376, 0.001 0.260 0.000 0.747 0.385 0.393 0.000 

Weakness (410)  1.963 0.057 5.008 0.020 2.710 0.001 2.098, 0.025 1.817 0.121 2.047 0.006 

Speech*** disturbance (113) 0.957 1 2.167 0.703 1.295 0.795 1.234 1 1.126 1 1.289 0.206 

Sensory disturbances (313) 1.290 0.353 1.115 0.850 1.271 0.297 1.258 0.375 1.442 0.204 1.324 0.196 

Amarosis fugax (10) 1.307 1 1.465 1 1.438 0.702 1.117 1 4.508 0.037 3.988, 0.068 

New infarct on CT (55) 0.646 1 0.920 0.641 0.403 0.468 1.307 0.668 0.841 0.617 0.643 0.722 

Multiple TIAs**** (280) 3.988 0.003 0.753 0.556 1.760 0.058 3.081 0.000 0.889 0.666 1.723 0.020 

Crescendo TIAs**** (108) 5.120 0.000 0.628 0.328 3.363 0.000 3.722 0.000 1.605 0.097 2.963 0.000 
*: Duration of symptoms categorized as <10 minutes (111), 10-59 minutes (133) and ≥60 minutes (261) in whole of the cohort; TIA: Transient ischemic attack; MIS: Minor ischemic stroke 
**: TIA (388) and MIS (117); ***: Speech disturbance without weakness; ****: Analysed in 388 TIA patients 
†: Six cases with vascular death at 3 days and 11 cases with vascular death at 3 months were omitted in analysis 
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Table 3. Factors with influence on recurrence rate of stroke or transient ischemic attack in final step of multivariate 
backward conditional regression analysis in the whole cohort 

Outcome event, analysis in final step  Influencing 
factor 

B SE P  OR 95% CI 

Recurrence of stroke in 3 days, step (15) 
Index TIA-stroke 
History of stroke 

-2.162 
1.048 

1.048 
0.591 

0.039 
0.076 

0.115 
2.853 

0.015-0.898 
0.896-9.078 

Recurrence of TIA in 3 days, step (16) Weakness 1.528 0.773 0.048 4.611 1.014-20.979 

Recurrence of stroke in 3 months, step (15) 
Diabetes Mellitus 
Index TIA-Stroke 

0.976 
-0.955 

0.474 
0.586 

0.039 
0.103 

2.655 
0.385 

1.049-6.722 
0.122-1.213 

Recurrence of TIA in 3 months, step (15) Index TIA-Stroke -7.90 0.482 0.101 0.454 0.177-1.167 
TIA: Transient ischemic attack; MIS: Minor ischemic stroke 
 

Thus, patients with index TIA are actually more 
unstable in terms of a new stroke than those 
presenting an index stroke11. Increasing number of 
TIAs in the 3 months before index event TIA was 
the most significant adverse prognostic factor for 
recurrent stroke in the UK study.30 Crescendo TIAs 
was the most significant predictor of subsequent 
stroke within 90 days (OR = 7.6) independently of 
other predictors in a Japanese study of TIA 
patients.31 Crescendo TIAs and multiple TIAs were 
associated with 5-fold and 4-fold increase in stroke 
risk in 3 days in univariate analysis of our study 
group. Crescendo TIAs and multiple TIAs were 
also associated with 3.7-fold and 3-fold greater risk 
of stroke in 3 months in a univariate analysis of the 
present cohort. These clinical characteristics of TIA 
should be considered as indication of urgent 
admission and therapeutic interventions in TIA 
patients.28 This finding could reflect an unstable 
vascular condition with higher risk.9 Addition of 
multiple TIAs to ABCD2 score might augment the 
predictive accuracy.25 Our research work supported 
adding multiple or crescendo TIA to ABCD2 score 
and giving score of 4 to this clinical item as 
suggested by North Hertfordshire rapid access TIA 
service referral form (accessible on-line  
at: http://www.enherts-tr.nhs.uk/gps-professionals/ 
files/2010/04/ Rapid-Access-TIA-service-referral-
form.pdf). The univariate variables analysis of 
REACH registry cohort revealed previous history of 
TIA or stroke, and diabetes as significant risk 
factors of stroke in a 1-year-follow-up of TIA or 
MIS patients, p < 0.01 and P = 0.02, respectively.20 
Previous history of stroke had a non-significant 
effect on recurrence of stroke in 3 days in 
multivariate analysis of our patients. Previous 
history of stroke had also a significant effect on 
recurrence of TIA in 3 months in univariate analysis 
of our patients. Diabetes had a significant effect on 
stroke recurrence in 90 days in multivariate model 
of our cohort. While, none of the other evaluated 
factors had a significant independent influence on 

stroke recurrence in 3 months follow-up of our 
study group. A population-based study of Alberta 
TIA patients revealed hypertension, diabetes and 
older age as predictive of stroke by adjusted risk 
estimate in one year but not earlier, and the early 
risk of stroke was not predicted by clinical and 
demographic factors.32 The Stroke Prognosis 
Instrument II (SPI-II) designed for TIA and MIS 
patients in the U.S. and validated by using multiple 
American and European cohorts.2 Prior history of 
stroke or TIA, coronary artery disease, atrial 
fibrillation and diabetes were associated with risk of 
stroke or death during two years in the unadjusted 
analysis of SPI-II derived cohort.2 In multivariate 
model of SPI-II derived cohort, age > 70 years, 
prior history of stroke and diabetes were 
significantly associated with stroke or death in 2 
years follow up2. Unilateral weakness was the sole 
ABCD2 item associated with 90 days stroke risk in 
multivariate analysis of patients in Dublin TIA 
study.33 Weakness was independently associated 
with 3 days TIA risk in our TIA group. Diabetes 
was the only ABCD2 item which was independently 
associated with stroke risk in 3 months in our study 
group. In the similar Spanish study of patients with 
TIA or MIS, 3 months stroke recurrence was 
independently associated with weakness, speech 
impairment, duration of symptoms, multiple TIAs, 
heart failure and severe symptomatic arterial 
stenosis and with 7 days recurrence; they obtained 
the same independent factors except speech 
impairment.9 The 90-day recurrence of stroke was 
independently associated with weakness, previous 
history of TIA and severe symptomatic arterial 
stenosis in separated groups analysis of Spanish TIA 
and MIS patients9. Hypercholesterolemia and 
diabetes were independent predictors of stroke risk 
in 30 days in Greek TIA patients12. Among subjects 
with TIA in WASID trial, the presence of cerebral 
infarct on neuroimaging was the only statistically 
significant predictor of higher risk of stroke within 
90 days (hazard ratio = 4.7).34 Among 4574 TIA 
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patients, new or old infarction was present in 24% 
of brain CTs and 28% of DWI.35 New or old 
infarction was independently predictive of stroke in 
7 days; OR = 4.2 for CT and OR = 6.2 for DWI.35 
Leukoaraiosis, new and old ischemic changes in CT 
were associated with 4-fold greater risk of stroke in 
30 days in univariate analysis of Italian TIA 
patients7. New ischemic changes on CT have been 
shown by Douglas et al. to be predictive of stroke 
risk (OR = 4; P = 0.028);36 however, this finding 
was not associated with stroke recurrence in 
univariate and multivariate analysis of our patients 
with minor ischemic events. Carotid stenosis was 
strongly associated with stroke risk in 90 days after 
TIA; (hazard ratio = 3.3; P = 0.002) in Dublin TIA 
study.33 In multivariate analysis of Spanish TIA 
patients, only large artery occlusive disease remained 
independent predictor for stroke recurrence in  
3 days and 90 days.24 Although symptomatic severe 
carotid stenosis has been reported as an important 
predictor of stroke recurrence within 3 months,37 
no association was observed between symptomatic 
severe carotid stenosis and stroke risk in 3 days and 
3 months in our study group. The risk of stroke 
recurrence within a month after cardioembolic TIAs 
was estimated to be 4.6%.37 This relatively low risk 
cardioembolic etiology could stem from the fact 
that all the mechanisms were lumped together while 
not all the cardiac sources of emboli carry the same 
risk.37 No association was found between atrial 
fibrillation and recurrent stroke in 7, 28, or 90 days 
in Duplin TIA study.33 No association was found 
between atrial fibrillation, coronary artery disease 
and other high risk cardiac source of embolism and 
stroke risk in 3 or 90 days follow up of our TIA or 
MIS patients in the present study. Coronary artery 
disease, atrial fibrillation and other high risk cardiac 
disease were not significantly associated with 1-year 
stroke risk in REACH registry.20 Validation of 
ABCD2 scoring systems in our patients was 
published elsewhere.38,39 

Conclusion  
Multiple and crescendo TIAs is the main predictive of 
stroke recurrence, derived in univariate analysis of our 
patients with minor ischemic events. Patients with 
index stroke had significantly lower risk of recurrent 
stroke in 3 days than patients with index TIA. 
Diabetes was independently associated with 3 months 
stroke recurrence of our patients with TIA or MIS.  
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infarction patients 
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Abstract 
BACKGROUND: Negative T (NT) wave in electrocardiography (ECG) is one of the important 
factors in determining short- and long-term outcomes in patients with acute myocardial 
infarction (MI). In this study, we compared clinical and paraclinical findings in post-MI patients 
according to presence or absence of NT wave. 

METHODS: A cross-sectional study was conducted on patients with acute ST elevation MI who 
presented to Shahid Modares Hospital (Tehran, Iran) during 2009-10. After undergoing 
streptokinase therapy, demographic characteristics and ECG and exercise test findings of the 
subjects were compared based on the presence or absence of NT wave. 

RESULTS: Overall, 116 patients including 69 cases with NT wave (NT group) and 47 cases 
without NT wave (PT group) were enrolled (mean age: 53.7 ± 7.1 vs. 54.1 ± 6.8 years old). 
Mortality rate during the first five days was 13% in the NT group and 29% in the PT group (P < 0.05). 
Ejection fraction values of the NT group were significantly higher than the PT group (P = 0.005). 
However, left ventricular end-diastolic diameter of the NT group was significantly less than the 
PT group (P = 0.005). Moreover, ST segment depression was significantly less frequent in the 
NT group compared to the PT group. 

CONCLUSION: Patients with ST elevation MI accompanying with NT wave in ECG versus have 
better prognosis and myocardial function than similar patients without NT wave. Therefore, 
invasive procedures should be recommended for patients without NT wave. 

 
Keywords: Echocardiography, Exercise Test, Myocardial Infarction, Negative T Wave, 
Echocardiography 

 
Date of submission: 15 Jan 2012, Date of acceptance: 22 Mar 2012 

 
Introduction 

Myocardial infarction (MI) is one of the main causes 
of death and disability worldwide. Despite vast 
improvements in the areas of prevention, diagnosis, 
and treatment, it is still considered as a health and 
medical problem, especially in developed and 
developing countries.1 Although mortality rates 
after MI have reduced about 25-30% during the 
past two decades, MI is currently the first cause of 
mortality in western societies.2-4 Reduced in-hospital 
mortality rate of patients with MI (from 10.4% in 
1994 to 6.3% in 2006) may be a result of advances 
in immediate diagnostic methods and effective 
therapeutic interventions.5 

Various factors including age, sex, Killip class, 
and history of heart failure have been proposed to 
affect the prognosis and mortality rate after MI.6,7 
Electrocardiographic (ECG) changes and exercise 
test are also among the factors that determine the 
outcome and short- and long-term prognosis of 
patients with MI.8,9 Various ECG changes, such as 
ventricular tachycardia and fibrillation, premature 
ventricular contractions, decreased heart rate 
variability, delayed potential in ECG signals 
evaluated with mobile monitoring, prolonged QRS 
wave, and T wave changes, can influence the 
prognosis of patients with acute MI.10-12 Classically 
but not always accurately, a negative T wave 
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represents ischemia and a very long T wave 
represents MI.13 Previous studies on negative T 
wave after acute MI have not reported clear results 
about its prognostic role and its relationship with 
paraclinical findings of patients.7,12,14 Therefore, we 
compared different paraclinical findings of patients 
with ST segment elevation MI (STEMI) based on 
the presence or absence of negative T waves. 

Materials and Methods 
This analytical cross-sectional study was conducted 
on patients admitted to Shahid Modares Hospital 
(Tehran, Iran) with the diagnosis of MI during 
2009-10. At least two 12-lead ECGs were recorded 
in all patients during the first 24 hours of 
hospitalization. Using simple random sampling, 
patients with confirmed STEMI were enrolled in 
the study after they had provided informed consent.  

Within 24 hours after receiving streptokinase, 
patients were divided into two groups based on the 
presence or absence of negative T wave in ECG. 
Various references have defined negative T wave in a 
range from 1 to 10 mm. Therefore, in order to be 
more accurate, negative T wave was accepted when T 
wave had at least five millimeters from the base point 
of the line adjacent to the TP segment.13,15,16 Patients 
with heart rhythm disorders (such as atrial flutter and 
bundle branch blocks) were excluded. All cases of false 
positive or negative T wave (stroke, re-infarction, 
ischemia after infarction) were also excluded. 

During the first five days after receiving 
streptokinase, all patients were assessed by ECG 
and exercise test. The obtained data in the two 
groups was analyzed and compared using chi-square 
and student t tests in SPSS for Windows 16.0 (SPSS 
Inc., Chicago, IL, USA). P values less than 0.05 
were considered significant. In cases of significance, 
odds ratio (OR) was calculated based on 95% 
confidence interval (CI). 

Results 
In total, 176 patients were examined and 116 
patients with confirmed STEMI were included. 
Among the 116 patients, 69 patients with MI 
associated with negative T wave (NT) and 47 
patients without negative T wave (PT) were studied 
(mean age: 53.7 ± 7.1 vs. 54.1 ± 6.8 years old,  
P > 0.05). There was not a significant difference 
between the two groups in terms of sex distribution 
(66% male in the PT group vs. 63% in the NT 
group, P > 0.05). Other demographic findings did 
not indicate significant differences between the two 
groups, either (Table 1). 

The mean elevation of ST segment was 6.1 ± 2.0 
mV in the NT group and 5.4 ± 1.8 mV in the PT 
group (P < 0.05). The mortality rate during the first 
five days after MI was significantly higher in the PT 
group than in the NT group (29% vs. 13%). This 
difference was significant despite Yates correction 
which is the sign of a relationship beyond statistical 
probabilities. Likewise, the incidence of ventricular 
tachycardia during the first five days was 
significantly higher in the PT group than in the NT 
group (47% vs. 28%) (Table 2).  
 
Table 1. Baseline characteristics of patients with ST 
segment elevation myocardial infarction (MI) 

Variable NT Group 

(n = 69) 

PT Group 

(n = 47) 

P 

Age (years) 53.7 ± 7.1 45.1 ± 6.8 0.450

Gender (male) 44 (63) 31 (66) 0.924

Past history of MI 17(25) 12 (26) 0.613

Diabetes mellitus 46 (67) 33 (70) 0.133

Smoking 43(62) 28 (59) 0.378

NT: Negative T wave in echocardiogram; PT: Positive T wave 
in echocardiogram 
Values are presented as mean ± SD or n (%) 
 
Table 2. Echocardiographic findings in patients with ST 
segment elevation myocardial infarction (MI) 

Variable 
NT Group 

(n = 69) 

PT Group

(n = 47) 
P 

Ejection fraction  38.7 ± 4.8 37.0 ± 4.1 0.005

LVEDD 5.1 ± 3.2 6.3 ± 3.7 0.005

MR Grade 0 12 (20) 7 (20) > 0.05

MR Grade 1 27 (44) 15 (43) > 0.05

MR Grade 2 20 (33) 11 (31) > 0.05

MR Grade 3 2 (3) 2 (6) > 0.05

Ventricular aneurysm 8 (13) 5 (14) > 0.05

Thrombosis 3 (5) 2 (6) > 0.05

NT: Negative T wave in echocardiogram; PT: Positive T wave 
in echocardiogram; LVEDD: Left ventricular end-diastolic 
diameter; MR: Mitral regurgitation 
Values are presented as mean ± SD or n (%) 

 
According to ECG findings, the two groups 

were significantly different in terms of mean 
ejection fraction and left ventricular end-diastolic 
diameter. However, no significant differences in 
various degrees of mitral regurgitation, aneurysm, 
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and ventricular thrombus were found between the 
two groups (Table 3). 

Exercise test results of patients were evaluated 
and compared according to ST segment changes 
and exercise capacity [in metabolic equivalents 
(METs)] during the test. ST segment depression 
during the exercise test was not detected in 32% of 
the NT group and 9% of the PT group (P < 0.05). 
Moreover, 45% of the NT group and 24% of the 
PT group had 1 mm ST segment depression in the 
exercise test (P < 0.001). In addition, 2 mm ST 
segment depression was more frequent in the PT 
group than in the NT group (55% vs. 17%;  
P < 0.001) (Table 3).  

Patients with an exercise capacity of more than 6 
METs constituted 50% of the NT group and 27% 
of the PT group (P < 0.001). There was a significant 
difference in prevalence of negative T wave and 
positive T wave among individuals with exercise 
capacity of 2-6 METs. However, there was no 
significant difference between the two groups in 
patients with exercise capacity of 2 METs (Table 4). 

Discussion 
According to ECG findings and exercise test results 
in the present study, cardiac function of patients with 
MI in the NT group was better than patients in the 
PT group. Moreover, during a short five-day follow-
up period, the mortality rate of the NT group was 
lower than that of the PT group. Inverted T wave in 
precordial leads of ECG after ST elevation has long 
been considered as a symptom of lesions of acute 
coronary artery stenosis and an indication of the 
incidence of coronary events and MI.17,18 However, 
recent studies have proposed negative T wave as a more 
accurate marker of improving myocardial function.19,20 

Elhendy et al. showed the positive role of 
negative T wave in the prognosis of patients with 
nontransmural MI.19 Although the mentioned study 
failed to establish a significant relation between 
negative T wave and prognosis of transmural MI,19 
it is considered as one of the first studies in this 
area. Corbalan et al. indicated an association 
between the presence of negative T wave and lower 
mortality rate during the first 24 hours after acute 

MI in patients who were on thrombolytic therapy.20 
While the follow-up period was longer and the 
sample size was smaller in the present study, we 
obtained similar results. Ramires et al. evaluated 
patients with non-Q wave heart attack after 
thrombolytic therapy. They reported higher survival 
rate among individuals with negative T wave than 
those without it. However, the researchers only 
assessed survival rate in a longer timeframe, but did 
not examine the patients in terms of ST segment 
elevation or ECG and exercise test findings.17 

Although the above-mentioned studies 
emphasized better survival rate of patients with 
negative T wave, none of them has considered ECG 
and exercise test findings as two helpful tests in 
predicting the prognosis and cardiac function of 
patients. On the other hand, Kusniec et al.21 and 
Agetsuma et al.22 highlighted the positive role of 
negative T wave in the prognosis of patients 
through ECG and paraclinical evaluation. They also 
suggested higher left ventricular ejection fraction (as 
an indicator of cardiac pump function) in patients 
with MI and negative T wave compared to those 
without negative T wave. These findings are not 
consistent with the results of the present study. This 
inconsistency may be justified by not excluding false 
positive cases of negative T wave and also 
considering deep form of negative T wave in the 
two mentioned studies. Nevertheless, studies with 
larger sample size and more accurate sampling seem 
more logical. Moreover, Karadede et al. stated that 
patients with STEMI and positive T wave had a 
worse response to dobutamine stress test.23 
Although we found different results about ejection 
fraction, their provocation test results were in 
accordance with our exercise test findings. 

Previous studies have also considered negative T 
wave a sign of good patency of the involved 
vessel.24,25 According to the results of the present 
study, other signs of myocardial performance 
(except left ventricular end-diastolic diameter) were 
better in the NT group than in the PT group. It can 
hence be concluded that reperfusion changes the 
process of infarction and electrical potentials and 
causes the incidence of negative T wave.24,25 

 
Table 3. ST segment elevation in the groups with negative T wave (NT) and positive T wave (PT) 

ST segment elevation PT(n = 33) NT (n = 60) Odds Ratio P 
No 3 (9) 19 (32) 1.3 0.020 
1 mm 8 (24) 27 (45) 0.87 0.001 
2 mm 18 (55) 10 (17) 1.71 0.001 
> 2 mm 4 (12) 4 (7) 0.37 > 0.05 

Values are expressed as n (%) 
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Table 4. Exercise capacity of the participants in submaximal exercise tolerance test in groups with negative T 
wave (NT) and positive T wave (PT) 
Exercise capacity (METs) PT (n = 33) NT (n = 60) Odds ratio P 
2  6 (18) 4 (7) 1.88 > 0.05 
2-4 12 (36) 5 (8) 1.78 0.001 
4-6 6 (18) 21 (35) 0.88 0.005 
6 9 (27) 30 (50) 0.93 0.005 

METs: Metabolic equivalents 
Values are expressed as n (%) 

 
Szydlo et al. demonstrated greater interruption of 

blood supply and longer repolarization duration in 
the group of patients with acute STEMI without 
negative T wave than subjects with negative T wave. 
These factors may provoke arrhythmias and sudden 
death despite similar ECG findings in the two groups 
(which is in contrast with the present study).25 

Ando et al. reported the risk of in-hospital death 
after MI to be three times higher in patients with 
negative T wave in previous ECG than in those 
without a similar history.26 This finding is inconsistent 
with ours probably because Ando et al. only evaluated 
negative T wave in previous ECG of patients.26  

With advances in techniques of reperfusion, the 
role of ECG findings in selecting patients and 
determining the success rate after intervention has 
received more attention. Sorensen et al. showed 
significantly lower delayed microvascular 
reperfusion in patients with STEMI and negative T 
wave than patients with positive T wave.27 This 
specifies the importance of negative T wave in 
predicting recovery after MI. In a study on patients 
after STEMI, Altun et al. demonstrated that 
normalization of negative T wave is a stronger 
predictor of viability and consequently myocardial 
performance in myocardial perfusion single-photon 
emission computed tomography (SPECT) than 
negative T wave itself.28 Therefore, not only the 
presence of negative T wave, but also alternations in 
T wave (especially toward its negative) have been 
particularly proposed as prognostic factors for 
survival of in patients with some degrees of 
ventricular failure due to cardiac ischemia.29,30 
However, further studies in this regard are warranted. 

Conclusion 
Based on our findings and previous studies, it can 
be concluded that prognosis and myocardial tissue 
performance of patients with STEMI with negative 
T wave in the initial ECG are more favorable than 
patients without negative T wave. Thus, more 
accurate and aggressive follow-up for patients 
without negative T wave seems to be necessary. 
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Corrected thrombolysis in myocardial infarction frame count and ejection fraction 
in patients undergoing primary percutaneous coronary intervention  

for myocardial infarction 
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Abstract 
BACKGROUND: This study aimed to assess the associations between corrected thrombolysis in 
myocardial infarction frame count (CTFC) of the infarct-related artery (IRA) and ejection 
fraction (EF) after three-six months in patients who underwent primary percutaneous coronary 
intervention (PPCI) for ST segment elevation myocardial infarction (STEMI). 

METHODS: CTFC was determined by a digital system for 78 patients. EF was measured through 
Simpson’s method upon discharge and three-six months later. The subjects were divided into 
two groups of CTFC ≤ 20 (n = 54) and CTFC > 20 (n = 24). Association between CTFC and EF 
were then specified. 

RESULTS: CTFC ≤ 20 and CTFC > 20 were present in 69.2% and 30.8% of the patients, 
respectively. There was no significant difference between the two groups regarding baseline 
characteristics. EF at the time of discharge was 42.1% ± 10.2% and 43.5% ± 11.4% in groups with 
CTFC ≤ 20 and > 20, respectively. There was no significant association between EF at discharge 
and CTFC (P = 0.611). After three months, EF changed to 49.6% ± 8.7% and 41.6 ± 12.4% in the 
groups with CTFC ≤ 20 and CTFC > 20, respectively. Three months after PPCI, EF and CTFC 
had a significant relation (P = 0.007). Cumulative number and percentage of shock and death 
were 3 (3.8%) and 2 (2.6%), respectively. 

CONCLUSION: Lower CTFC of the infarct-related artery in patients undergoing PPCI for STEMI 
was associated with higher left ventricular ejection fraction after three months. 

 
Keywords: Corrected Thrombolysis in Myocardial Infarction Frame Count, Ejection Fraction, 
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Introduction 

ST segment elevation myocardial infarction 
(STEMI) is a major health problem whose rate 
increases with increasing age in both sexes. Primary 
percutaneous coronary intervention (PPCI) is an 
urgent angiographic strategy following angioplasty 
with or without stenting. It is accepted as the 
preferred reperfusion strategy performed in many 
cases with STEMI.1 

The thrombolysis in myocardial infarction 
(TIMI) flow grading system is a qualitative method 
for measuring reperfusion strategy. On the other 
hand, the corrected TIMI frame count (CTFC) is a 
quantitative method to assess the TIMI flow 
grading system. It is simply performed by counting 
the number of angiographic frames elapsed until the 

contrast material arrives in the distal bed of the 
vessel of interest. The mean CTFC of normal 
coronary arteries has been reported as 21.1 ± 1.5 
for left anterior descending artery (LAD), 22.2 ± 4.4 
for left circumflex artery (LCX), and 20.4 ± 3.3 for 
right coronary artery (RCA).1,2 CTFC is an 
independent predictor of in-hospital mortality 
following STEMI.3-6 

The objective of this study was to evaluate the 
associations between CTFC and ejection fraction 
(EF) soon after PPCI and three-six months later in 
patients with STEMI. As EF is a known predictor 
of early and late survival, the findings of the current 
study may enable cardiologists to better predict 
cardiovascular outcomes following PPCI in patients 
with STEMI. 
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Materials and Methods 
In 2009, this prospective study was conducted on 
patients who had received PPCI within 12 hours 
from the diagnosis of STEMI. Overall, 78 patients, 
including 66 (84.6%) men and 12 (15.4%) women, 
were included. STEMI was defined as typical chest 
pain and the presence of electrocardiographic 
criteria.7 Patients who had undergone rescue 
percutaneous coronary intervention (PCI) or late PCI 
were not included.  

A checklist about cardiovascular risk factors, 
physical examination on admission, door- to-balloon 
time, systolic blood pressure, location of myocardial 
infarction (MI), TIMI flow grade, CTFC, ST 
resolution, EF (upon discharge and after three-six 
months), and in-hospital adverse events was filled out 
for all patients. Door-to-balloon time was defined as 
the interval between arrival to the hospital and the 
use of a therapeutic device (thrombectomy catheter, 
balloon, and stent). 

All patients received 325 mg of aspirin, 300-600 
mg of clopidogrel, and 40 mg of atorvastatin. PPCI 
was performed in the presence of reduced TIMI flow 
grade (< 3), occluded infarct-related artery, and/or a 
culprit lesion stenosis of > 50%. The use of 
glycoprotein IIb/IIIa inhibitors, thrombectomy and 
bare-metal or drug-eluting stents was left to the 
decision of the interventionalist. 

Angiography CDs of the patients were reviewed 
by two interventional cardiologists and TIMI frame 
count (TFC) was measured by a digital system in the 
catheterization laboratory. TFC is the number of 
cine-frames required for contrast to reach a 
standardized distal coronary landmark in the culprit 
vessel and was determined by a previously suggested 
method.3,8 The first frame was selected when the 
column of the contrast extended across > 70% of the 
arterial lumen with antegrade flow.9 The reported 
number was based on a cine filming rate of 30 frames 
per second. The last frame is a distal landmark to 
which the contrast enters. Distal landmark in the 
RCA is the first branch of the posterolateral 
extension of the RCA after the origin of the posterior 
descending artery. In the circumflex artery, it is the 
most distal branch of the obtuse marginal branch 
which included the culprit lesion. In the left anterior 
descending artery, it is a distal bifurcation which is 
usually placed at the apex of the heart. CTFC means 
that the TFC for LAD must be corrected by dividing 
it into 1.7 due to the longer length of the LAD.  

Electrocardiograms were recorded on arrival and 
60 minutes after the angioplasty. ST resolution was 
measured 60 minutes after PPCI at the 

corresponding lead with maximal ST elevation in pre-
PCI echocardiography.  

Patients were requested to come back to the 
hospital three-six months later for the second 
echocardiography. Patients’ EF was measured with 
biplane Simpson’s method upon discharge and after 
three-six months. Standard medical treatment 
comprised aspirin, clopidogrel, beta-blockers, 
atorvastatin, and enalapril/losartan for all patients. 

Baseline characteristics were expressed as  
mean ± standard deviation (SD) or percentages. 
Continuous variables were compared by the 
Student's t-test. Categorical variables were contrasted 
by the chi-square test (or Fisher's exact test as 
needed). All analyses were performed with SPSS for 
Windows 16.0 (SPSS Inc., Chicago, IL, USA).  
P values less than 0.05 were considered significant. 

Results 
The patients were divided into two groups of  
CTFC ≤ 20 and CTFC > 20. Table 1 presents 
baseline characteristics of the studied population 
stratified by CTFC. There was not any significant 
difference between the two CTFC groups regarding 
baseline characteristics.  

Table 2 compares the clinical characteristics of 
the patients. The mean door-to-balloon time in the 
groups with CTFC ≤ 20 and CTFC > 20 was  
45.1 ± 16.8 and 44.6 ± 11.8 minutes, respectively  
(P = 0.879). The mean systolic blood pressure/mean 
diastolic blood pressure in the mentioned groups was 
118.5 ± 20.2/72.3 ± 12.0 and 113.7 ± 22.4/69.6 ± 
10.8 mmHg, respectively (P > 0.05). Less than 10% 
of the patients in every group had signs of heart 
failure at presentation. Moreover, there was no 
significant differences between the two CTFC groups 
regarding clinical characteristics.  

The two CTFC groups were similar in the 
administration of aspirin, clopidogrel, heparin, 
glycoprotein IIb/IIIa inhibitors, and atorvastatin. 
According to angiography results, in the groups 
with CTFC ≤ 20 and CTFC > 20, 16.7% and 4.2% 
of patients had single vessel disease (SVD), 57.4% 
and 41.7% had two-vessel disease (2VD), and 
25.9% and 54.2% had three-vessel disease (3VD), 
respectively. Number of narrowed coronary arteries 
in the two groups did not have a significant 
difference (P = 0.036). Furthermore, stenotic lesions 
in the LAD were detected in 87.0% and 37.5% of the 
groups with CTFC ≤ 20 and CTFC > 20, 
respectively. The corresponding rates of stenotic 
lesions in the LCX were 1.9% and 25.0%. Stenotic 
lesions in the RCA were also found in 11.1% of 
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patients with CTFC ≤ 20 and 37.5% of patients with 
CTFC > 20 (P < 0.001 for all). The most infarcted 
arteries were LAD in patients with CTFC ≤ 20 and 

both LAD and RCA in patients with CTFC > 20. 
The two groups had a significant difference in pre-
PCI TIMI flow grade (P = 0.006) (Table 3).  

 
Table 1. Baseline characteristics of patients with ST segment elevation myocardial infarction stratified by post-primary 
percutaneous coronary intervention (PCI) corrected thrombolysis in myocardial infarction frame count (CTFC) 

Variables Total Post-PCI CTFC P 
≤ 20 > 20 

Number 78 54 24 - 
Age (years; mean ± SD) 58.7 ± 9.2 58.2 ± 9.3 59.9 ± 9.1 0.451 
Gender (female) 12 (15.4) 10 (18.5) 2 (8.3) 0.324 
Obesity 19 (24.4) 15 (27.8) 4 (16.7) 0.395 
Family history of coronary artery disease 10 (12.8) 7 (13) 3 (12.5) 1.000 
Smoker 34 (43.6) 21 (38.9) 13 (54.2) 0.227 
Hypertension 29 (37.2) 19 (35.2) 10 (41.7) 0.619 
Hyperlipidemia 27 (34.6) 15 (27.8) 12 (50.0) 0.073 
Diabetes mellitus 24 (30.8) 14 (25.9) 10 (41.7) 0.191 
Chronic lung disease 0 (0.0) 0 (0.0) 0 (0.0) - 
Cerebrovascular disease 0 (0.0) 0 (0.0) 0 (0.0) - 
Peripheral vascular disease 0 (0.0) 0 (0.0) 0 (0.0) - 
Previous congestive heart failure 0 (0.0) 0 (0.0) 0 (0.0) - 
Previous myocardial infarction 4 (5.1) 2 (3.7) 2 (8.3) 0.583 
Previous PCI 5 (6.4) 4 (7.4) 1 (4.2) 1.000 
Previous coronary artery bypass grafting 0 (0.0) 0 (0.0) 0 (0.0) - 
Creatinine (mg/dL; mean ± SD) 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.3 0.662 

Values are presented as n (%) unless otherwise expressed 
 

Table 2. Clinical and medicine-related characteristics of patients with ST segment elevation myocardial infarction stratified by 
post-primary percutaneous coronary intervention (PCI) corrected thrombolysis in myocardial infarction frame count (CTFC) 

Variables Total Post-PCI CTFC P 
≤ 20 > 20 

Door-to-balloon time (minutes; mean ± SD) 44.9 ± 15.4 45.1 ± 16.8 44.6 ± 11.8 0.879 
Door-to-balloon time ≥ 60 minutes 5 (6.4) 3 (5.5) 2 (8.3) - 
Door-to-balloon time ≥ 90 minutes 0 (0.0) 0 (0.0) 0 (0.0) - 
Systolic blood pressure (mmHg; mean ± SD) 117.0 ± 20.9 118.5 ± 20.2 113.7 ± 22.4 0.377 
Diastolic blood pressure (mmHg; mean ± SD) 71.5 ± 11.6 72.3 ± 12.0 69.6 ± 10.8 0.325 
Signs of heart failure at presentation  

S3 4 (5.1) 2 (3.7) 2 (8.3) 0.583 
No rales 69 (88.5) 48 (88.9) 21 (87.5) 

0.067 Rales up to 1/3 7 (9.0) 6 (11.1) 1 (4.2) 
Rales more than 1/3 2 (2.6) 0 (0.0) 2 (8.3) 

Cardiac markers (mean ± SD)  
Troponin (ng/ml) 12.7 ± 9.4 13.8 ± 9.6 10.3 ± 8.7 0.118 
Creatine phosphokinase (U/l) 3711 ± 3706 3603 ± 2859 3955 ± 5202 0.757 
Creatine kinase MB (U/l) 370 ± 386 406 ± 440 288 ± 209 0.114 

Drugs  
Aspirin 24 (100) 24 (100) 24 (100) - 
Clopidogrel 24 (100) 24 (100) 24 (100) - 
Unfractionated heparin 24 (100) 24 (100) 24 (100) - 
Glycoprotein IIb/IIIa inhibitors 63 (80.8) 44 (81.5) 19 (79.2) 1.000 
Integrilin 60 (76.9) 42 (77.0) 18 (75.0) 0.928 
Tirofiban 3 (3.8) 2 (3.7) 1 (4.2) 1.000 
Statin 78 (100) 54 (100) 24 (100) - 

Values are presented as n (%) unless otherwise expressed  SD: Standard deviation 
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Table 3. Incidence of events in patients with ST segment elevation myocardial infarction stratified by post-primary 
percutaneous coronary intervention (PCI) corrected thrombolysis in myocardial infarction frame count (CTFC) 

Variables Overall Post-PCI CTFC P 
≤ 20 > 20 

Number of narrowed coronary arteries  
1 10 (12.8) 9 (16.7) 1 (4.2) 

0.036 2 41 (52.6) 31 (57.4) 10 (41.7) 
3 27 (34.6) 14 (25.9) 13 (54.2) 

Infarct-related artery  
Left main 0 (0.0) 0 (0.0) 0 (0.0)  
Left anterior descending 56 (71.8) 47 (87.0) 9 (37.5) 

< 0.001 Left circumflex 7 (9.0) 1 (1.9) 6 (25.0) 
Right coronary artery 15 (19.2) 6 (11.1) 9 (37.5) 
Saphenous vein graft 0 (0.0) 0 (0.0) 0 (0.0)  

Pre-PCI TIMI flow grade of the infarct-related artery  
0 53 (67.9) 38 (70.4) 15 (62.5) 

0.006 
1 8 (10.3) 8 (14.8) 0 (0.0) 
2 14 (17.9) 5 (9.3) 9 (37.5) 
3 3 (3.8) 3 (5.6) 0 (0.0) 

Stent implantation  
No stents 2 (2.6) 0 (0.0) 2 (8.3) 

0.067 
One stent 66 (84.6) 48 (88.9) 18 (75.0) 
Two stents 9 (11.5) 6 (11.1) 3 (12.5) 
Three stents 1 (1.3) 0 (0.0) 1 (4.2) 

Drug eluting stent 29 (37.2) 26 (48.1) 3 (12.5) < 0.001 
Stent diameter (mm; mean ± SD) 2.9 ± 0.3 2.9 ± 0.3 2.8 ± 0.3 0.474 
Stent length (mm; mean ± SD) 24.7 ± 5.3 25.7 ± 5.0 22.0 ± 5.3 0.007 
Intra-aortic balloon pump 3 (3.8) 2 (1.9) 1 (8.3) 0.223 
Thrombectomy 3 (3.8) 1 (1.9) 2 (8.3) 0.223 
Stent thrombosis 1 (1.3) 1 (1.9) 0 (0.0) 1.000 
Cardiogenic shock 3 (3.8) 3 (5.6) 0 (0.0) 0.549 
No ST resolution 4 (5.1) 2 (3.7) 2 (8.3) 0.583 
In-hospital events  

Major bleeding 0 (0.0) 0 (0.0) 0 (0.0) - 
Stroke/transient ischemic attack 0 (0.0) 0 (0.0) 0 (0.0) - 
Dialysis 2 (2.6) 0 (0.0) 2 (8.3) > 0.05 
Death 2 (2.6) 2 (3.7) 0 (0.0) 1.000 

Values are presented as n (%) unless otherwise expressed 
SD: Standard deviation 
 
Table 4. Post-primary percutaneous coronary intervention (PCI) corrected thrombolysis in myocardial infarction frame count 
(CTFC) and ejection fraction (EF) before discharge and three months after discharge 

Variables Overall Post-PCI CTFC P 
≤ 20 > 20 

EF before discharge (%; mean ± SD) 42.5 ± 10.5 42.1 ± 10.2 43.5 ± 11.4 0.611 
EF after three months (%; mean ± SD) 47.1 ± 10.6 49.6 ± 8.7 41.6 ± 12.4 0.007 
EF ≥ 50% before discharge 29 (37.2) 18 (33.3) 11 (45.8) 0.319 
EF ≥ 50% after three months 44 (57.9) 34 (65.4) 10 (41.7) 0.079 
EF change (%; mean ± SD) 4.2 ± 8.9 7.0 ± 8.3 -1.9 ± 6.9 < 0.001 

Values are presented as n (%) unless otherwise expressed 
SD: Standard deviation 
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Stenting was performed for all patients in the 
group with CTFC ≤ 20. In the other group, however, 
two subjects (8.3%) underwent balloon angioplasty 
without stenting. Drug-eluting stents were used for 
48.1% of the patients in the group with CTFC ≤ 20 
and for 12.5% of other patients (P < 0.001). Two 
patients (3.7%) in the group with CTFC ≤ 20 and 
two (8.3%) in the group with CTFC > 20 had no ST 
resolution (P = 0.583) (Table 3).  

The use of the intra-aortic balloon pump and 
thrombectomy devices was low in both groups and 
without a significant difference. Acute in-stent 
thrombosis occurred in one patient who underwent 
coronary artery bypass graft surgery. The rate of 
cardiogenic shock and death were 5.6% and 3.7% in 
the group with CTFC ≤ 20, respectively. The 
corresponding values in the group with CTFC > 20 
were 0% and 0%, respectively. No significant 
differences were identified between the two groups 
(P > 0.05) (Table 3). 

Table 4 compares CTFC and EF before 
discharge and after three months of treatment. No 
significant difference was observed for EF at 
discharge between the two CTFC groups  
(P > 0.05). However, the two groups significantly 
differed in EF after three-six months. After three-
six months, the mean EF was 49.6% ± 8.7% and 
41.6% ± 12.4% in patients with CTFC ≤ 20 and 
CTFC > 20, respectively (P = 0.007). 

Discussion 
According to the obtained results, lower CTFC was 
associated with higher EF after three-six months. 
CTFC is a quantitative and reproducible method for 
assessment of infarct-related artery flow. EF is the 
most powerful determinant of survival. We 
measured EF a few months after MI when 
myocardial stunning was likely to resolve. 

Research has shown lower CTFC of the infarct-
related artery immediately after PCI to be associated 
with better improvement in left ventricular 
function.10,11 CTFC also has a significant correlation 
with wall motion score index.10 Gibson et al. 
suggested higher CTFC 90 minutes after 
thrombolytic therapy to be linked with higher 
adverse outcomes.11 In another study, Gibson et al. 
reported that patients with acute coronary 
syndrome who died after PCI had a higher CTFC 
compared to those who survived.12 On the other 
hand, some studies have failed to identify any 
relations between CTFC and adverse clinical 
outcomes or functional recovery after thrombolytic 
therapy.13,14 

French et al. found a significant correlation 
between CTFC and three-week survival after MI. 
They concluded that CTFC ≥ 40 is a predictor of 
adverse outcomes including mortality, 30-day in-
hospital major adverse cardiac events, reinfarction, 
congestive heart failure, and left ventricular 
remodeling.6 Gibson et al. detected a weak 
correlation between CTFC and radionuclide left 
ventricular EF measured through ventriculography.11 

In this study, baseline and clinical characteristics 
were similar to recently published studies in the 
field of MI. Like the finding of Nielsen et al. door-
to-balloon time was short.15 Success rate of primary 
PCI was high, and the presence of CTFC ≤ 20 
immediately after PPCI could be a predicator of 
high EF in patients with STEMI three months after 
the procedure. 
Study limitations 
There are several limitations in the current study. 
First, the number of patients was relatively small. 
Second, patients referred for primary PCI might 
have had different LAD length; and a factor of 1.7 
to correct the TFC for all of them is not perfect.9 
Third, the follow-up period was short and hence 
further studies with longer follow-up are 
recommended. This allows for better understanding 
of the role of CTFC in predicting EF and prognosis 
of patients who undergo PPCI for STEMI. 

Conclusion  
Lower CTFC of infarct-related artery is associated 
with better EF after a few months in patients who 
receive PPCI for STEMI. Post-PPCI CTFC may be 
an independent predictor of clinical and functional 
outcome and can thus provide better risk 
assessment and triage in such patients. 
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Abstract 
BACKGROUND: Obesity has become one of the most important and the fastest growing health 
and nutritional problem, not only in developed but also in developing countries. White rice 
consumption causes an increase in postprandial blood glucose and could be a probable reason 
for obesity. This study was conducted to investigate the association between intake of white rice 
and central obesity in an Iranian population. 

METHODS: In the present cross-sectional study, a total of 212 subjects were selected based on 
convenience non-random sampling procedure. Expert interviewers collected socio-demographic 
and dietary intake data by a face to face method. 

RESULTS: We failed to find any significant association between frequency of white rice consumption 
and body mass index or waist circumference, neither in crude model nor in adjusted models. 

CONCLUSION: Although there was no significant association between white rice intake and obesity 
factors in our study, more studies are necessary with larger population and better design. 
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Introduction 

In recent years, obesity has become one of the most 
important and the fastest growing health and 
nutritional problem not only in developed but also 
in developing countries.1 WHO anticipated that 
globally by 2015, around 700 million adult would be 
clinically obese and 2.3 billion would be 
overweight.2 In Iran the prevalence of weight 
problems [Body mass index (BMI) > 25] was 63.9% 
in women and 49.7% in men.3 Obesity as a situation 
with excess body fat and raise in adipose tissue mass 
causes several health problem and metabolic 
diseases.4 Individuals with BMI > 25 are considered 
as overweight and people who have BMI > 30 are 
considered obese. But BMI does not provide any 
information about proportion of fat, bone and 
muscle mass or body fat distribution. However, 
recent studies have revealed that abdominal fat is 
more important in prediction of metabolic diseases 
than subcutaneous fat.5,6 Furthermore, central 
obesity is more closely associated with all cancers, 

cardiovascular risk and metabolic disorders such as 
hypertension, hyperlipidemia and diabetes.7 Some 
studies have reported that waist circumference 
measurement for central adiposity is very specific 
and sensitive.8,9 Although there are some 
sophisticated techniques for assessment of central 
obesity, waist circumference measurement as an 
anthropometric indicator, is a simple easy to use 
and low cost method for evaluation of abdominal 
fat in epidemiological studies.8,10  

Dietary factors are associated with overweight 
and obesity; therefore, dietary intervention could be 
a target for obesity prevention.11,12 High 
consumption of fiber which is found in fruit, 
vegetable and grain has important role in dietary 
interventions.13 Previous studies showed that high 
consumption of whole grain in the diet, lead to 
lower energy intake, decrease hunger and raise 
satiety.14,15 However, most of the grains are 
consumed after removing the outer layers and just 
starch rich endosperm remains. While whole grains 
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consumption is associated with a reduction in 
developing many metabolic diseases such as 
diabetes,16 cardiovascular disease,17 stroke18 and 
cancers,19 refined grains because of their high 
amount of carbohydrates at least partly are 
responsible for current obesity problem.15 
Carbohydrate as the most important source of 
energy in the diet associated with postprandial 
blood glucose. Glycemic index (GI) shows the 
ability of carbohydrate foods in raising the 
postprandial blood glucose.20 Consumption of low 
GI foods contributes to reduce body fat and control 
obesity.21,22 However, there are some dissimilar 
results.23,24  

White rice consumption causes an increase in 
postprandial blood glucose as compared with brown 
rice. In Iranian diet, white rice is one of the most 
important sources of energy and carbohydrate.25 
Previous studies in Iran investigated the association 
between whole grain consumption and metabolic 
syndrome26 but most of the studies have done on 
western population which is different in genetic or 
life style. To the best of our knowledge there is no 
study on white rice consumption and central obesity 
in Iranian population. Hence, the study aimed to 
explore the association between intake of white rice 
and central obesity in an Iranian population. 

Materials and Methods 
Study Population 
We conducted a cross-sectional study concerning 
obese or overweight Iranian adults (BMI > 25) who 
were visited in Salamt clinic in 2009. People with 
insufficient information about socio-demographic 
data, family history, or dietary records were excluded 
from this survey. A sum of 212 men and women 
aged 18 to 56 years were selected based on 
convenience non-random sampling procedure. After 
explanation of the study protocol for participants, 
each one was asked to sign the consent form. 
Assessment of variables 
In a face-to-face method, expert interviewers 
collected socio-demographic characteristics 
including age, education and income, medical 

history, smoking habits and medication use. Weight 
and height measurement was completed in barefoot 
and light clothes. Participants’ height measurement 
was done by a fixed metal ruler to the nearest 0.1 
cm and weight measurement was done by a digital 
scale to the nearest 0.1 kg. BMI was calculated as a 
measure of obesity, and waist circumference was 
measured as a central obesity indicator. BMI was 
calculated as weight (kg) divided by height square 
(m2). WC was measured horizontally between the 
iliac crest and lowest rib margin and hip 
circumference was measured at the maximum 
protrusion. Waist to hip ratio (WHR) was calculated 
as WC (cm) divided by hip circumference (cm). 
Dietary intake of study participants was evaluated 
with food frequency questionnaire (FFQ).  
Statistical methods 
For all statistical analyses, SPSS for Windows 
(version 15; SPSS Inc., Chicago, IL., USA) was 
used. To compare means of continues variables 
between white rice consumption groups we applied 
Student’s t-test and for categorical variables chi-
square test was used. Linear regression was 
employed to discover the associations between 
white rice consumption and obesity factors in 
different models. In first model, the association was 
adjusted for age, sex and in the second model 
further adjustment was done for dietary intake. 

Results 
Table 1 shows the characteristic of study population 
separated by frequency of white rice consumption 
per week. There was no difference in age, sex and 
adiposity indicators between people who consumed 
white rice less than 7 times per week and those who 
consumed more than 7 times per week. Comparison 
of other dietary factors such as fruit, vegetable, dairy 
and pulses was not different between two groups.  

Multivariate adjusted regression models for 
obesity indicators and frequency of white rice 
consumption per week are presented in table 2. We 
did not find any significant association between 
frequency of white rice consumption and BMI or 
central obesity in crude model or in adjusted models. 

 
Table 1. Characteristic of study population separated by frequency of white rice consumption per week 
 Less than 7 time per week More than 7 time per week P
Age (years) 38.3 ± 14.4 32.2 ± 11.2 0.001
Female (%) 66.9 59.6 0.095
Smoking (%) 9.3 8.9 0.122
Weight (kg) 78.3 ± 16.7 76.4 ± 20.3 0.477
Body mass index (kg/m2) 30.1 ± 6.4 29.0 ± 8.3 0.353
Waist circumference (cm) 88.4 ± 14.1 85.0 ± 15.8 0.182
Waist to hip ratio 0.82 ± 0.07 0.81 ± 0.07 0.284
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Table 2. Multivariate adjusted regression for obesity factors and frequency of white rice consumption per week 
 Less than 7 time per week More than 7 time per week* P 
Weight (kg)    

Crude 1.00 -0.049 (-7.042–3.328) 0.481 
Model 1 1.00 -0.001 (-5.030–4.972) 0.991 
Model 2 1.00 0.052 (-3.341–7.240) 0.468 

Body mass index (kg/m2)    
Crude 1.00 -0.071 (-3.131–1.004) 0.312 
Model 1 1.00 0.000 (-1.970–1.967) 0.999 
Model 2 1.00 0.042 (-1.464–2.732) 0.552 

Waist circumference (cm)    
Crude 1.00 -0.112 (-8.564–1.637) 0.182 
Model 1 1.00 -0.025 (-5.541–4.003) 0.750 
Model 2 1.00 -0.017 (-5.873–4.786) 0.840 

Waist to hip ratio    
Crude 1.00 -0.090 (-0.036–0.011) 0.284 
Model 1 1.00 -0.018 (-0.025–0.020) 0.824 
Model 2 1.00 -0.028 (-0.028–0.020) 0.745 

* B (95% confidence interval) 
Model 1: Adjusted for age, sex 
Model 2: Adjusted for age, sex and dietary intake 

 

Discussion 
In this cross-sectional study, we failed to find any 
association between frequency of rice consumption 
and body weight, BMI or central obesity. Rice is a 
staple food widely used in the world, especially in 
the eastern countries and Iran. It is an important 
source of carbohydrate, protein, minerals and 
vitamins. Recently, most of the rice has been 
processed and refined. During refining process, 
bran and germ are removed and just starchy 
endosperm remains in white rice. 

Whole grains because of having some biological 
active elements including dietary fiber, vitamin E, 
folate, magnesium and other elements are the main 
components for a healthy diet.27 In contrast, 
refined-grains, due to removing of these elements, 
are typically rich in energy and poor in nutrient 
content, which are accused for increasing the risk of 
chronic disease and obesity.28 Refining grains 
changes the value of the carbohydrates to a higher 
GI and GL (Glycemic load). Previous studies 
proposed that rapid absorption of glucose after 
consumption of high GI foods could lead to a sharp 
raise in blood glucose and insulin level, thus, 
glucose enters the body tissues, inhibits lipolysis and 
induces lipogenesis and obesity.29-31 

In line with some of the previous studies, white 
rice consumption was not associated with obesity 
factors in the current study. A prospective study did 
not find any difference in weight gain as a result of 
consumption of whole or refined grain breakfast.14 
Another study showed that rice intake with reference 

to other carbohydrate sources had lower potential to 
increase in postprandial glucose.32 Moreover no 
association was found between metabolic risk factors 
and refined grain consumption.33 However, these 
findings conflict with studies that showed dietary 
pattern that include white rice may be associated with 
obesity34 and intake of refined-grain foods was 
positively related to weight gain15 and higher visceral 
adipose tissue.35 On the other hand, another study 
recently revealed that rice intake was inversely 
associated with weight gain.36 

This discrepancy could be explained by the 
different source of refined-grains. In Vietnamese, 
the GI of white rice was reported from 86 to 109 
but a review article indicated that the mean GI for 
white rice was 64.37 A probable reason for finding 
no association between obesity factors and white 
rice in the current study could be explained by the 
GI of Iranian rice. Previous investigations showed 
that there are some kinds of Iranian rice with low 
GI (44 ± 9 for Binam rice38 and 52.2 ± 5.1 for 
Sorna pearl rice39). They supposed that the amylase 
content of Iranian rice was the reason for the low 
GI of this rice.38 

Another reason for these results could be 
explained by some studies indicated that rice protein 
possesses an important function in the triglyceride 
metabolism, that may improve body weight and 
adiposity,40 so it could reduce the negative effect of 
high GI rice. 

In this study we should consider several 
limitations. First, this study with a cross-sectional 
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design was not appropriate to conclude about 
causality. A further longitudinal study is necessary 
for stronger conclusion. On the other hand, we 
used a self reported qualitative FFQ for dietary 
intake, so we could not estimate the energy intake 
and it has been reported that obese individuals 
would like to underreport their dietary intake.41  

In conclusion, although there was no significant 
association between white rice intake and obesity 
factors in our study, more studies are necessary with 
larger population and better design. 
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Postoperative cardiac arrest in children with congenital heart abnormalities 

Ali Reza Ahmadi(1), Mohammad Yusef Aarabi(2) 

 

Abstract 
BACKGROUND: The exact survival rates and markers of survival after postoperative cardiac 
arrest in children with congenital heart abnormalities are unknown. 

METHODS: In this one-year study, we identified children younger than seven years of age with 
postoperative cardiac arrest in our pediatric cardiac intensive care unit database. Parameters 
from perioperative, pre-arrest, and resuscitation periods were analyzed for these patients. 
Comparisons were made between survivors and non-survivors after cardiopulmonary 
resuscitation (CPR). Fisher's exact, Student's t, and chi-square tests were used to analyze data. 

RESULTS: Of 529 evaluated children who underwent corrective heart surgery, 59 (11%) sustained a 
documented cardiac arrest. Of these, 22 (37%) survived and regained their vital signs. Perioperative 
parameters (age, weight, and duration of cardiopulmonary bypass pumping), ventricular physiology, 
oxygen saturation, and bicarbonate concentration did not influence the outcome of CPR. Greater use 
of inotropic agents was not associated with higher mortality. A significant relationship was seen 
between having history of cardiac arrest and CPR success (P < 0.001). 

CONCLUSION: CPR had undesirable outcomes in patients with hemodynamic dysfunction (i.e. 
low mean arterial blood pressure). Patients with univentricular physiology or history of cardiac 
arrest are not prone to a higher risk of mortality following arrest. 

 
Keywords: Cardiac arrest, Congenital, Cardiopulmonary resuscitation, Pediatrics, Operation 
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Introduction 

The rate of cardiac arrest in the U.S. is 
approximately 150000 cases per year. While about 
10000 of these individuals die, 90000 cases have to 
continue their lives with cardiac complications. 
Children with known cardiac diseases, e.g. 
hypertrophic cardiomyopathy, anomalous coronary 
arteries, and severe aortic stenosis, may experience 
cardiac arrest during exercise.1-4 

Cardiac arrest in admitted children is one of the 
uncommon yet worrying events. Owing to 
advancements in cardiopulmonary resuscitation 
(CPR) and experienced treatment teams, many 
patients with cardiac arrest, even in the most fatal 
cases, have survived and returned to life. After 
surgery, children with congenital heart diseases 
spend a critical period of time in pediatric cardiac 
intensive care unit in order for their hemodynamic 
status to be stabilized. Early prevention and 
treatment of cardiac arrest during this period are of 
very high importance. Identifying cardiac arrest 

markers and CPR success can lead to reduced 
mortality among these patients. 

In developed countries, the prevalence of cardiac 
arrest and CPR among patients admitted in PCICUs 
have varied between 1.5 and 6% during the last 15 
years.5-7 Survival rate of these patients has been 8.8-
31% according to general reports.5-7 Survival rates 
of patients following cardiac arrest and respiratory 
arrest have been reported as 7% and 33%, 
respectively.7 There is inadequate data about the 
outcomes of cardiac arrest in patients after cardiac 
surgery in PCICUs. Moreover, survival markers are 
not well-identified. However, a previous study 
suggested long-term use of cardiopulmonary bypass 
pump (CBP) and high levels of serum lactate after 
surgery as major markers of cardiac arrest in 
children.8 Another research on patients in PCICUs 
indicated that cardiac arrest had better outcomes in 
infants compared to older children. In addition, 
infants with more severe hemodynamic dysfunction, 
lower blood pressure, and higher support of high-
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dose inotropic agents had lower survival rates. The 
present study aimed to identify the outcomes and 
related factors of cardiac arrest following CPR in 
pre-school aged children. 

Materials and Methods 
This descriptive-analytical study was conducted 
during 2001-02. All children younger than seven 
years of age who had been admitted in the PCICU 
of Shahid Rajaie Hospital (Tehran, Iran) after 
cardiac surgery were evaluated. All cases of cardiac 
arrest in PCICU were included through census 
sampling. Patients were divided into survivors (who 
responded to CPR and regained vital signs 
particularly palpable spontaneous pulse) and non-
survivors (who died after CPR).  

Using patient records, cardiac catheterization, 
vital signs of patients in the PCICU, arterial blood 
gas test results, disease course, physician's order, 
and the report of the nurse in charge were 
extracted. The crude data was recorded in a 
questionnaire and then analyzed using SPSS for 
Windows 10.0 (SPSS Inc., Chicago, IL, USA). 
Various indices (including median, mean, and ratio) 
and tests (Fisher's exact, Student's t, and chi-square 
tests) were used to analyze data. P values less than 
0.05 were considered statistically significant. 

Results 
During the one-year period of study, 529 children 
under seven years old were admitted to the PCICU. 
Overall, 59 cases (11%) of cardiac arrest were detected 
and CPR was carried out for them. CPR success rate 
was 37%. The mean age of survivors and non-
survivors was 17.8 and 15.9 months, respectively 

(Table 1). While 91.5% of the patients had biventri-
cular physiology, 8.5% had univentricular physiology.  

Diagnosis and type of congenital heart disease 
are summarized in table 2. The most prevalent 
congenital heart disease was ventricular septal defect 
(VSD). Cyanotic heart diseases were more common 
among patients with cardiac arrest. The mean heart 
rate before the cardiac arrest was 109.0 ± 40.8 beats 
per minute (bpm) in survivors and 93.0 ± 42.9 bpm 
in non-survivors. A significant difference was 
observed in mean arterial blood pressure of 
survivors and non-survivors (43.8 ± 11.3 vs.  
37.8 ± 15.2 mmHg). Therefore, successful CPR was 
associated with higher mean arterial blood pressure. 
In addition, CPR success rate in patients with 
systolic blood pressure lower and greater than 60 
mmHg was 31.8% and 68.2%, respectively  
(P < 0.05). On the other hand, CPR was successful 
in 22.7% of patients with diastolic blood pressure 
below 30 mmHg and in 77.3% of those with 
diastolic blood pressure above 30 mmHg (P = 0.02) 

The mean pH in survivors and non-survivors 
was 7.20 ± 0.20 and 7.12 ± 0.30, respectively  
(P > 0.05). There were no significant differences 
between survivors and non-survivors in mean rate 
of arterial oxygen saturation (73.8 ± 25.1% vs.  
66.7 ± 28.9%) or mean bicarbonate concentration 
(73.8 ± 8.2 vs. 17.2 ± 6.4 mEq/L) (Table 3). 

Among 80% of patients with cardiac arrest who 
had received inotropic agents, 30% had been 
prescribed with one inotropic agent and 70% had 
been prescribed with more than one agent. CPR 
success rates in the mentioned patients were 35.7% 
and 42.4%, respectively. No significant relationship 
was seen between increased number of inotropic 
agents and CPR success rate. 

 
Table 1. Age, weight, duration of cardiopulmonary bypass pump (CBP) and aortic clamping in patients who survived 
cardiopulmonary resuscitation (survivors) and those who died (non-survivors) 

Parameter 
Survivors 

(n = 22) 

Non-survivors 

(n = 37) 
P 

Age (months) 
Mean ± SD 17.8 ± 21.1 15.9 ± 20.6 

0.70 
Median (min-max) 6.5 (1.0-60.0) 7 (0.6-72.0) 

Weight (kg) 
Mean ± SD 7.2 ± 4.2 0.4 ± 3.5 

0.40 
Median (min-max) 5.3 (2.7-16.0) 5.4 (2.7-14.0) 

Duration of CBP use* (min) 
Mean ± SD 93.3 ± 51.1 79.9 ± 19.9 

0.44 
Median (min-max) 70.0 (15.0-160.0) 83.0 (39.0-110.0) 

Duration of aortic clamping* (min) 
Mean ± SD 55.1 ± 35.9 37.1 ± 17.9 

0.16 
Median (min-max) 38.0 (4.0-116.0) 40.0 (14.0-72.0) 

* CBP and aortic clamping were used in 11 survivors and 11 non-survivors. 
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Table 2. Diagnosis and type of congenital heart disease in the study subjects 
Diagnosis N (%) 
Ventricular septal defect 10 (16) 
Transposition of great arteries 9 (15) 
Tetralogy of fallot 8 (13) 
Atrioventricular septal defect 10 (6) 
Total anomalous pulmonary venous connection 10 (6) 
Ventricular septal defect and pulmonary atresia 6 (4) 
Tricuspid atresia 6 (4) 
Coarctation of aorta 6 (4) 
Aortic valve stenosis 5 (3) 
Pulmonary atresia  3 (2) 
Ventricular septal defect and pulmonary stenosis 3 (2) 
Single ventricle 1 (1) 

 
Table 3. Heart rate, mean arterial blood pressure, and laboratory findings for arterial blood gases before cardiac arrest in 
patients who survived cardiopulmonary resuscitation (survivors) and those who died (non-survivors) 

Parameter 
Survivors 
(n = 22) 

Non-survivors 
(n = 37) 

P 

Heart rate (bpm) 
Mean ± SD 109.2 ± 40.8 93.2 ± 12.9 

0.08 
Median (min-max) 109.0 (30.0-168.0) 100.0 (23.0-167.0) 

Oxygen partial pressure (mmHg) 
Mean ± SD 81.3 ± 97.6 60.4 ± 32.2 

0.25 
Median (min-max) 50.0 (12.0-387.0) 54.0 (12.0-138.0) 

Oxygen saturation (%) 
Mean ± SD 66.7 ± 28.9 73.8 ± 25.1 

0.35 
Median (min-max) 82.0 (18.0-100.0) 67.0 (11.0-99.0) 

Carbon dioxide partial pressure (mmHg) 
Mean ± SD 46.6 ± 28.3 53.2 ± 26.6 

0.46 
Median (min-max) 40.0 (14.0-152.0) 47.0 (13.0-119.0) 

Bicarbonate concentration (mEq/L) 
Mean ± SD 18.4 ± 8.3 17.2 ± 6.4 

0.50 
Median (min-max) 17.0 (4.0-39.0) 18.0 (5.0-29.0) 

pH 
Mean ± SD 7.20 ± 0.20 7.12 ± 0.30 

0.29 
Median (min-max) 7.26 (6.80-7.50) 7.15 (6.00-7.60) 

Mean arterial blood pressure (mmHg) Mean ± SD 43.8 ± 113.0 37.8 ± 15.2 0.04 
 
Table 4. Parameters related to cardiopulmonary resuscitation (CPR) in survivors and non-survivors  

Parameter 
Survivors 
(n = 22) 

Non-survivors 
(n = 37) 

P 

Period between cardiac arrest and surgery (hours) 
Mean ± SD 110.1 ± 188.4 240.2 ± 62.4 

0.34 
Median (min-max) 25 (2-840) 31 (1-3600) 

Lowest pH during CPR 
Mean ± SD 7.07 ± 0.20 6.99 ± 0.24 

0.22 
Median (min-max) 6.99 (6.63-6.79) 6.94 (7.49-6.50) 

CPR duration (min) 
Mean ± SD 36.6 ± 22.1 41.5 ± 20.7 

0.39 
Median (min-max) 30 (15-120) 30 (20-135) 

 
CBP was used for 21 patients. The duration of 

CBP use was less than 90 minutes in 62% of the 
cases. Maximum duration of CBP use was  
150 minutes. The mean duration of CBP use in 
survivors and non-survivors was 93.9 ± 19.9 and  
79 ± 19.9 minutes, respectively (P > 0.05) (Table 3). 
CPR success rate in patients with and without 
history of cardiac arrest was 67.8% and 10%, 
respectively (P < 0.001). The mean lowest pH 
during CPR was 7.07 ± 0.20 for survivors and  
6.99 ± 0.24 for non-survivors. However, the 
difference between the two groups was not 
statistically significant (Table 4). 

Discussion 
In this study, among 529 children younger than 
seven years of age in PCICU, 59 cases (11%) of 
cardiac arrest were observed and CPR success rate 
was 37%. Previous studies have reported the in-
hospital survival rate and long term survival rate 
after CPR as 13-52% and 5-27%, respectively.9,10 In 
a 15-year long study, Slonim et al. found that  
1.5-6% of children admitted to pediatric intensive 
care unit suffered from cardiac arrest and required 
CPR.5 In a study by Rhodes et al., cardiac arrest and 
thus the need for CPR was detected in 6% of 
infants after cardiac surgery.11  
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The rates of cardiac arrest in our center and 
other parts of the hospital were not considerably 
different (11% vs. 13%). However, the rate was 
higher in our patients compared to those admitted 
in intensive care unit (ICU).9 The difference might 
have been caused by advanced facilities and greater 
experience, awareness, and coordination of the staff 
in ICU.  

There was not a significant difference in mean 
age between survivors and non-survivors in the 
current study. Similarly, Rhodes et al. suggested that 
age was not effective on the success of CPR.11  

Although CPR success rate was higher in 
patients with univentricular physiology compared to 
those with biventricular physiology, there was no 
significant relationship between the CPR success 
rate and the physiology of cardiac patients. 
Likewise, Rhodes et al. reported that univentricular 
physiology was not an important risk factor for 
mortality.11 Moreover, mean heart rate and success 
of CPR were not significantly related since about 
83% of survivors and 70% of non-survivors had a 
heart rate more than 60 bpm. In agreement with our 
findings, Rhodes et al. indicated that heart rate 
before cardiac arrest and CPR success rate were not 
significantly correlated.11  

We detected a statistically significant difference 
in mean arterial blood pressure between survivors 
and non-survivors. CPR success rate has been 
previously reported to be positively associated with 
higher mean arterial blood pressure.11 On the other 
hand, CPR success rate was significantly higher in 
patients with systolic blood pressure greater than  
60 mmHg and those with diastolic blood pressure 
greater than 30 mmHg. The reason for this 
association can be better hemodynamic stability of 
patients and maintaining blood supply to regain vital 
signs in vital organs. Rhodes et al. found a similar 
significant relationship between mean arterial blood 
pressure and success of CPR.11 

In the current study, there were no significant 
differences in mean pH, oxygen saturation, 
bicarbonate concentration, or the lowest pH during 
CPR between survivors and non-survivors. In their 
study on infants, Rhodes et al. did not find 
significant correlations between CPR success rate 
and any of the abovementioned parameters except 
the lowest pH during CPR.11  

We failed to find a significant relationship 
between increased number of inotropic agents and 
improved CPR success rate. Rhodes et al. allocated 
higher scores to increased number of inotropic 
agents. Similar to our findings, they showed no 

significant relationship between CPR success rate 
and increased number of inotropic agents.11 In 
addition, in agreement with the findings of Rhodes 
et al. in infants,11 there was no significant difference 
in mean duration of CBP use between survivors and 
non-survivors in the present study.  

History of cardiac arrest was significantly related 
with increased CPR success rate. The possible 
reason might have been higher attention and 
support of the staff of PCICU to patients with 
history of cardiac arrest. They could also regain vital 
signs due to their hemodynamic status and 
underlying heart disease. However, this parameter 
has not been investigated in other studies. 

Conclusion 
Postoperative cardiac arrest in children is a major 
concern PCICU. Undesirable CPR outcomes are 
expected in cases with hemodynamic dysfunction 
(lower mean arterial blood pressure). Patients with 
univentricular physiology and/or history of cardiac 
arrest are not more prone to post-arrest mortality risk.  
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Autonomic function change following a supervised exercise program in patients 
with congestive heart failure 

Diana Keyhani(1), Mehdi Kargarfard(2), Nizal Sarrafzadegan(3), Masoumeh Sadeghi(4) 

 

Abstract 
BACKGROUND: Few studies have investigated changes in autonomic function after training in 
patients with cardiovascular diseases, particularly patients with congestive heart failure (CHF). 
Heart rate recovery (HRR) is a strong predictor of mortality in coronary artery disease (CAD) 
patients. The aim of this study was to determine the effect of 8 weeks of supervised exercise 
training on autonomic function, which were assessed by heart rate, systolic blood pressure 
(SBP), and rate-pressure product (RPP) in CHF patients. 

METHODS: 65 patients aged 57-82 years with CHF were assigned to two groups randomly. The 
first group received a supervised 8-week aerobic training program of 30-45 min sessions, 3 days 
per week on alternate days, while controls received standard medical care and were followed up. 
Body weight, body mass index, functional capacity, resting heart rate, HRR, resting systolic 
blood pressure, peak heart rate, peak systolic blood pressure, and RPP were measured before 
and after the study period. Medications and diet recommendations remained unchanged in both 
groups during the study period. 

RESULTS: The exercise group consisted of 33 patients with mean age of 61.54 ± 5.89 years and 
the controls were 32 patients with mean age of 60.94 ± 5.03 years. One-way analysis of variance 
(ANOVA) with repeated measures revealed a statistically significant difference in the exercise 
group compared to the control group regarding body mass index, resting heart rate, heart rate 
recover, functional capacity, peak heart rate, peak systolic blood pressure, peak RPP after 8 
weeks (P ≤ 0.05). 

CONCLUSION: In conclusion, a multidisciplinary CR program with supervised exercise training 
support significantly improves functional capacity and autonomic function in CHF patients. 
Therefore, a supervised and guided exercise training program is safe and beneficial for patients 
with CHF with different etiologies. 

 
Keywords: Aerobic Exercise, Cardiorespiratory Fitness, Hemodynamics, Autonomic Function, CHF 
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Introduction 

Cardiovascular diseases, particularly congestive 
heart failure (CHF), are the most common cause of 
human deaths in the world.1 According to WHO 
estimates, in 2002, 16.7 million people in the world 
die of cardiovascular diseases each year.2 According 
to previous studies 46% of deaths in Iran each year 
are from cardiovascular disease.3-4 Autonomic 
nervous system dysfunction appears to be involved 
in the pathophysiology of coronary artery disease 
and is associated with an increased risk of death.5-7 

Autonomic function can be appraised by measuring 
resting heart rate, heart rate variability, or heart rate 
recovery (HRR) following exercise.6-7  

Physical activity and function capacity 
improvement is critical in primary and secondary 
prevention of cardiovascular disease.8 Regular 
aerobic exercise training and cardiac rehabilitation 
has been shown to reduce the rate of mortality, 
improve functional capacity, and control the risk 
factors in myocardial infarction patients.9-12  

The term cardiac rehabilitation refers to 
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coordinated, multifaceted interventions designed to 
optimize a cardiac patient’s physical, psychological, 
and social functioning, in addition to stabilizing, 
slowing, or even reversing the progression of the 
underlying atherosclerotic processes, thereby 
reducing morbidity and mortality.13-14 

Exercise in the outpatient setting is performed 
under the supervision of health care providers with 
monitoring based on exercise tolerance test results. 
Moreover, patients are typically advised to complete 
a period of supervised aerobic exercise training as 
adherence to these programs is usually insufficient.15 

The evaluation of the cardiovascular response to 
various modes of aerobic exercise is critical to the 
clinician supervising and prescribing exercise 
programs. Although an acute period of aerobic 
exercise can cause critical cardiovascular changes, 
there are few and controversial published data on 
the effect of different exercise intensities on blood 
pressure, heart rate, and rate pressure product ( RPP, 
an index of myocardial oxygen consumption, which 
is calculated by multiplying the heart rate (HR) and 
the SBP).16,17 Other studies have used RPP to 
estimate changes in myocardial oxygen 
consumption during physical training of individuals 
with myocardial infarction disease. Ribeiro et al. 
observed a significant decrease in resting heart rate, 
while they found no significant change in systolic 
and diastolic blood pressure, and rate-pressure 
product at rest and following exercise sessions in 
patients after a first acute myocardial infarction.18 
Robinson and Collier et al. found that effort angina 
pectoris (angina threshold) was reproducible at fixed 
levels of the RPP.19,20 May and Nagle reported that 
the RPP of patients with coronary artery disease 
significantly increased during maximal exercise, and 
decreased significantly during submaximal 
exercise.21 De Backer et al. reported a significant 
decrease in RPP during each of the three 
submaximal work loads in the experimental group 
with anterior myocardial infarctions.22 Kargarfard et 
al. found an increase in cardiac function and no 
changes in diastolic indices during 8 weeks of 
aerobic exercise training in myocardial patients.23 
Due to the importance of cardiac rehabilitation for 
the performance of many daily activities, we were 
interested in evaluating the effects of an 8-week 
aerobic exercise program on BP, HR, and RPP in 
patients with congestive heart failure (CHF). 

Materials and Methods 
Subjects  
The current study was approved by the Ethics 

Committee of Isfahan Cardiovascular Research 
institute (ICRI, a WHO collaborating center) and the 
University of Isfahan, before the study was launched. 

Male and female patients who were referred to 
ICRI with a history of myocardial infarction and a 
diagnosis of CHF between June 2010 and December 
2011 were invited to take part in this study.  

The inclusion criteria were: being residents of 
Isfahan; aged over 50 years; currently not taking 
part in regular physical activities; having heart failure 
for at least three months; having a left ventricular 
ejection fraction of ≤ 35% on echocardiogram and 
have been in functional class (FC) II according to 
the New York Heart Association (NYHA) in the 
previous 2 years. Patients should be referred by a 
cardiologist. The exclusion criteria included NYHA 
FC, acute myocardial infarction, or revascularization 
within the past 4 months, hypotension, unstable 
angina, ventricular or symptomatic arrhythmias, 
obstructive aortic valve disease, chronic obstructive 
pulmonary disease, hypertrophic obstructive 
cardiomyopathy, severe musculoskeletal problems 
preventing exercise, and case-note reported 
dementia or current severe psychiatric disorder. 

Sixty-five male and female patients with CHF 
agreed to participate in the study. They were 
assigned randomly to two groups of exercise  
(n = 33) and control (n = 32). Participants signed a 
written informed consent after being informed of 
the details of the study.  

There was no alteration in the prescribed 
medications and diet in both groups throughout the 
study. All subjects underwent comprehensive 
medical screening prior to participation, including 
medical history, physical examination, and stress 
testing. The patients did not participate in an 
exercise program for at least 3 months prior to the 
study; they were instructed to avoid any extra 
exercise not included in the study training program. 
Experimental design 
All patients followed a familiarization training 
period of 2 weeks. Thereafter, each patient 
underwent anthropometric evaluation, physiological 
evaluation, and exercise stress testing using the 
Naughton protocol. Afterwards, they participated in 
a supervised and systematic exercise program of 
aerobic training three times per week for 8 weeks. 
The training program was arranged to provide an 
alternative day for the replacement of a possible lost 
session during the week. The baseline assessment 
was repeated after 8 weeks of training. 
Aerobic training program 
Aerobic exercise consisted of walking/jogging on 
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the treadmill three times per week. Each session 
lasted about 45-60 min including a warm-up period 
(5–10 min), stretching exercises (10 min), the main 
program with treadmill exercise (15–30 min), and a 
cool-down period (15 min including stretching). 
During the first 4 weeks, the intensity of aerobic 
exercise was 60–70% of maximum heart rate 
(HRmax) achieved during stress testing. Thereafter, 
training intensity was increased to 70–80% HRmax 
according to the individual adaptation observed 
during training sessions. 
Testing procedures 
Demographic measures and medical history  
A detailed medical history was obtained from each 
participant. The medical history addressed all of the 
aforementioned exclusion criteria, as well as history 
of hyperlipidemia, dyspnea, diabetes hypertension 
or other symptoms of CHF. 

Height was measured using a stadiometer, with 
the measurement taken to the nearest 0.1 cm. 
Weight was measured using a balance scale, with the 
measurement taken to the nearest 0.1 kg. Height 
and weight measurements were then used to 
calculate body mass index (BMI); BMI = (weight in 
kilograms)/(height in meters2). Waist-to-hip ratio 
was measured with a measuring tape, with a 
horizontal measure at both the waist and hip sites, 
taken to the nearest 0.1 cm. Blood pressure and 
heart rate were measured with a 
sphygmomanometer following 30 minutes of rest.  
Exercise stress testing 
All patients underwent a symptom-limited exercise 
test on the treadmill with electrocardiogram (ECG) 
monitoring according to the modified Naughton 
protocol. The Naughton protocol is a submaximal 
study which is used for high-risk patients. It uses 10 
3-min exercise periods. The modified Naughton 
protocol has 2-min stages and starts at a lower 
metabolic equivalent (MET) workload increasing by 
patients stop because of either fatigue or dyspnea. It 
contains a 4-min warm-up and a set speed of 2.0 
miles per hour (mph). The grade increases 3.5% 
every 2 min until maximum effort is achieved. This 
approach allows for a better tolerated gradual 
progression in exercise. Moreover, it is a more 
accurate assessment of functional capacity. During 
aerobic exercise sessions in these patients, exertion 
levels are often evaluated by the Borg Rating of 
Perceived Exertion Scale, because the rate of 
perceived exertion and heart rate (HR) are linearly 
concerned with each other and work intensity.24,25 

Resting HR and peak HR were measured using a 
12-lead electrocardiograph with an automatic  

ST-segment analysis, while blood pressure was 
recorded manually at rest and then at 3-min 
intervals during the stress test. 

Peak HR was considered the highest mean 10-s 
value achieved during the test. Blood pressure was 
measured with a mercury sphygmomanometer at 
rest, during the last 15 seconds of exercise near the 
end of the test. Peak systolic and diastolic blood 
pressures were recorded as the highest value 
achieved during the test. PRR product was 
computed by multiplying peak HR by peak systolic 
blood pressure. HRR was determined by calculating 
the difference between HR at peak exercise and HR 
1 min after completion of exercise.10 Patients were 
instructed to sit after ending the test, and there was 
no cool-down period until after HRR was 
recorded.11 There was then a 4-min cool-down 
period that consisted of light walking at 2 km/h on 
a flat treadmill (0% grade). 
Statistical analysis 
All data are expressed as means ± SD. Student's  
t-test was used to compare the baseline 
characteristics of exercise and control groups. 
Paired t-tests were performed on continuous 
variables to determine differences in 
cardiorespiratory fitness and hemodynamic 
measurements in the exercise and control groups. 
Finally, one-way ANOVA with repeated measures 
was performed on cardiorespiratory fitness and 
hemodynamic variables to determine differences 
between the two groups after 8 weeks. SPSS for 
Windows (version 18; SPSS Inc., Chicago, IL., 
USA) was used to analyze all data. Statistical 
significance was assumed for P values < 0.05.  

Results 
A total of 70 eligible patients with CHF were recruited 
from June 2010 to December 2011, but only 65 (33 
exercise and 32 controls) patients completed the study 
within 8 weeks. Five of the 70 patients, 2 in the 
exercise group and 3 in the control group, were not 
able to complete the study for non-medical reasons 
and were not included in the data analysis.  

Table 1 lists the baseline data (mean ± SD) for 
age, height, body weight, body mass index, resting 
heart rate, heart rate recovery, resting diastolic 
blood pressure, resting systolic blood pressure, peak 
functional capacity, peak heart rate, and peak rate 
pressure product between cases and controls.  

The patients had a mean age of 61.25 ± 5.45 
years, mean height of 167.12 ± 7.94 cm, mean 
weight of 73.06 ± 7.80 kg, and mean BMI of  
26.11 ± 1.45 kg/m2. There were no significant 
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differences in all characteristics of the 
cardiorespiratory fitness and hemodynamics 
between exercise and control groups at baseline  
(P > 0.05; Table 1). 

At the initial exercise stress testing, before 
physical rehabilitation, there was no significant 
difference between groups in regard to functional 
capacity; which were 5.11 ± 0.93 METs in exercise 
group and 5.19 ± 0.83 METs in control group. 

Physical training was prescribed on the basis of 
initial exercise capacity and exercise tolerance, and 
the first part of rehabilitation was performed as a 
physical rehabilitation. At the end of the 
rehabilitation phase, the functional capacity was 

assessed again by the same exercise stress protocol 
as the initial one. 

Table 2 lists the mean ± SD values for all of 
cardiorespiratory fitness and hemodynamics 
parameters for each group before and after the  
8-week study. It also shows the differences in all 
outcomes included in the study from the baseline to 
eight weeks, within and between the exercise and 
control groups. Patients in the exercise group have 
shown statistically significant improvement in resting 
heart rate, heart rate recovery, resting systolic blood 
pressure, peak functional capacity, peak heart rate, 
and peak RPP except for the body weight, body mass 
index and resting diastolic blood pressure.  

 
Table 1. Baseline characteristics of cardiorespiratory fitness and hemodynamics in heart failure patients before the study 
Characteristics Exercise training group (n = 33) Control group (n = 32) P
Age (year) 61.54 ± 5.89 60.94 ± 5.03 0.66 
Gender (male: female) 22: 11 17: 15 > 0.05 
Weight (kg) 73.54 ± 7.54 72.56 ± 8.16 0.62 
Height (cm) 168.30 ± 7.94 165.91 ± 7.88 0.23 
BMI (kg/h2) 25.93 ± 1.44 26.30 ± 1.46 0.32 
FC (METs) 5.11 ± 0.93 5.19 ± 0.83 0.70 
RHR (beats/min) 87.03 ± 4.50 86.19 ± 3.75 0.42 
RSBP (mmHg) 151.50 ± 6.51 148.41 ± 6.79 0.18 
RDBP (mmHg) 85.06 ± 11.96 90.06 ± 9.92 0.07 
Peak HR (beats/min) 130.01 ± 4.05 130.46 ± 3.13 0.61 
HRR (beats/min) 21.13 ± 4.44 20.66 ± 4.93 0.69 
Peak SBP (mmHg) 162.45 ± 5.93 159.34 ± 6.53 0.18 
Peak DBP (mmHg) 99.52 ± 5.85 98.31 ± 5.81 0.41 
Peak RPP (mmHg×bpm) 21117.54 ± 958.89 20789.98 ± 1013.88 0.19 

Note: BMI: body mass index; RHR: resting heart rate; HRR: heart rate recovery; RDBP: resting diastolic blood pressure; RSBP: resting 
systolic blood pressure; Peak FC: Peak Functional Capacity; Peak HR: Peak heart rate; Peak RPP: Peak rate pressure product; derived 
from independent Student t-tests 

 
Table 2. Comparison of cardiorespiratory fitness and hemodynamics of exercise and control group patients before and 
after the study  

Characteristics 
Exercise (n = 33) Control (n = 32) 

P** 
Before After P* Before After P* 

Weight (kg) 73.54 ± 7.54 73.14 ± 7.32 0.12 72.56 ± 8.16 73.98 ± 8.64 0.02 0.97 
BMI (kg/h2) 25.93 ± 1.44 25.79 ± 1.41 0.14 26.30 ± 1.46 26.86 ± 1.44 0.01 0.04 
EF (%) 32.30 ± 3.87 37.94 ± 5.33 0.000 31.44 ± 3.61 30.62 ± 3.22 0.11 0.000 
FC (METs) 5.11 ± 0.93 6.44 ± 1.22 0.000 5.19 ± 0.83 4.85 ± 0.84 0.02 0.001 
RHR (beats/min) 87.03 ± 4.50 83.33 ± 5.04 0.000 86.19 ± 3.75 88.22 ± 4.67 0.05 0.03 
RSBP (mmHg) 152.45 ± 5.93 150.24 ± 6.35 0.02 149.34 ± 6.53 149.03 ± 7.83 0.82 0.14 
RDBP (mmHg) 85.06 ± 11.96 83.54 ± 10.44 0.10 90.06 ± 9.92 90.97 ± 10.15 0.22 0.02 
Peak HR (beats/min) 130.01 ± 4.05 141.64 ± 4.61 0.000 130.46 ± 3.13 132.99 ± 4.35 0.01 0.000 
HRR (beats/min) 21.13 ± 4.44 25.97 ± 6.34 0.000 20.66 ± 4.93 19.62 ± 4.27 0.02 0.003 
Peak SBP (mmHg) 162.45 ± 5.93 173.00 ± 7.81 0.000 159.34 ± 6.53 162.03 ± 7.83 0.06 0.000 
Peak DBP (mmHg) 99.52 ± 5.85 97.70 ± 4.87 0.003 98.31 ± 5.81 99.78 ± 6.08 0.03 0.74 
Peak RPP 
(mmHg×bpm) 

21117.54 ± 
958.89 

24513.64 ± 
1527.60 

0.001 20790.98 ± 
1013.88 

21553.12 ± 
1333.38 

0.005 0.000 

Note: BMI: body mass index; EF: ejection fraction; RHR: resting heart rate; HRR: heart rate recovery; RDBP: resting diastolic blood 
pressure; RSBP: resting systolic blood pressure; FC: functional capacity; Peak HR: Peak heart rate; Peak SBP: peak systolic blood pressure; 
Peak DBP: peak diastolic blood pressure; Peak RPP: Peak rate pressure product; * significant difference between before and after the 
intervention in each group; ** significant difference between exercise and control groups at the 8th week 
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Functional capacity and ejection fraction were 
increased in the exercise group from  
5.11 ± 0.93 METs to 6.44 ± 1.22 METs, and 32.30 
± 3.87 to 37.94 ± 5.33, respectively (P < 0.001). 
However, they were decreased in the control group 
(P < 0.001). 

At the end of the rehabilitation phase, at the 
same sub maximal exercise level, the resting HR and 
resting SBP were significantly reduced in the 
exercise group (P < 0.01), when compared with pre-
training values (Table 2). Moreover, the resting HR 
increased significantly in the control group  
(P < 0.05). 

One-way analysis of variances (ANOVA) with 
repeated measures revealed a statistically significant 
difference in the exercise group compared with 
control group in their body mass index, resting 
heart rate, heart rate recovery, functional capacity, 
peak heart rate, peak systolic blood pressure, and 
peak rate pressure product (P ≤ 0.05; Table 2). 

Discussion 
Most interventional studies evaluated the efficacy of 
aerobic exercise in lowering BP and HR. Information 
regarding the efficacy of aerobic exercise training on 
autonomic function factors is limited. 

The present study aimed to evaluate the effects 
of 8 weeks aerobic exercise training on RPP, 
maximal and rest heart rates, and blood pressure in 
patients with CHF. To define the effect of exercise 
training per se, other important variables were 
controlled such as medications use and diet. The 
main finding of our investigation is that cardiac 
rehabilitation independently improves cardiac 
autonomic function.  

In this study, we found that an 8 week aerobic 
exercise program improved resting heart rate, heart 
rate recovery, resting systolic blood pressure, peak 
functional capacity, peak heart rate, and RPP 
significantly (P < 0.05). While the body weight, 
body mass index, and resting diastolic blood 
pressure in the exercise group did not show any 
significant changes. At the end of the rehabilitation, 
exercise capacity and ejection fraction were 
increased significantly in the exercise group, while 
they were decreased in the control group  
(P < 0.001). 

At the end of the rehabilitation phase, at the 
same sub maximal exercise level, the resting HR and 
resting SBP were significantly reduced in the 
exercise group (P < 0.01), when compared with pre-
training values (Table 2). However, there was a 

significant increase in the resting HR in the control 
group (P < 0.05). 

Furthermore, in comparison with baseline data, 
the exercise group showed significantly higher 
scores in functional capacity, heart rate recovery, 
peak heart rate, peak systolic blood pressure, peak 
diastolic blood pressure, and peak RPP following 
the 8-week exercise-training program.  

One-way analysis of variances (ANOVA) with 
repeated measures revealed a statistically significant 
difference between the exercise group and the 
control group in body mass index, resting heart rate, 
heart rate recovery, functional capacity, peak heart 
rate, peak systolic blood pressure, and peak rate 
pressure product (P ≤ 0.05).  

Previous studies have reported that autonomic 
nervous system dysfunction appears to be involved 
in the pathophysiology of coronary artery disease 
and is associated with an increased risk of death.5-7 
Autonomic function can be appraised by measuring 
resting heart rate, heart rate variability, or heart rate 
recovery (HRR) following exercise.6-7 Thus, the 
positive effect of cardiac rehabilitation on cardiac 
autonomic nervous system is important. Following 
the rehabilitation program in the present study, all 
factors in the training group had a significant 
improvement. 

These positive effects on the autonomic nervous 
system suggested that the results of the current 
study are supported by decreasing RPP, maximal 
and resting heart rates, and blood pressure (systolic, 
mean, and diastolic) observed in the exercise-
training group. 

In healthy subjects and athletes, heart rate 
rapidly decreased after exercise. However, during 
exercise due to the withdrawal of parasympathetic 
tone and increased sympathetic tone, heart rate 
increases. Immediately after exercise, heart rate 
decreases due to rapid reactivation of the 
parasympathetic nervous system. The ability of the 
heart rate to recover after exercise is related to the 
capacity of the cardiovascular system to inverse the 
autonomic nervous system and baroreceptors 
adaptation, which is often called vagal reactivation.26  

A study by Wu TY et al. (2007) showed that 
both systolic and diastolic blood pressures at rest 
and after 8 weeks of exercise were significantly 
decreased in the training group. However, changes 
in blood pressure were not significantly different 
between the training and control groups. This may 
be due to the relatively low number of patients  
(n = 18 per group) to achieve statistical 
significance.27 
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Another study performed by Ribeiro et al. 
showed that resting heart rate decreased by 5 beats 
per minute in the exercise group. However, there 
was no change observed in systolic and diastolic 
blood pressures, and RPP at rest and peak; this 
finding is inconsistent with the results of this 
research.18 The results of the present study is 
consistent with Forjaz et al., May and Nagle and 
MacMasters et al..16,21,28 

Adams et al. showed that the mean RPP during 
clinical training sessions on the treadmill was far 
below the clinically safe rate for the training group.29 
In the study by Kim et al., no significant differences 
were observed in both groups after a 6-week 
rehabilitation program regarding rest and peak 
systolic and diastolic blood pressures, resting heart 
rate, and maximal pressure produced. However, 
maximum heart rate and submaximal RPP were 
significantly different.30 Ahn et al. reported that in 
comparison to the exercise group, there was no 
significant difference in the RPP of the control 
group. Such significant progression can be credited 
to cardiac rehabilitation by improving exercise 
tolerance and exercise duration, as well as increasing 
heart rate and systolic blood pressure.31 The Asian 
Department of Cardiovascular Prevention and 
Rehabilitation (2011) reported that aerobic exercise 
has a moderate effect on resting heart rate, caused 
no changes in systolic and diastolic blood pressure, 
and has a strong effect on submaximal RPP.32 
However, the results of this study support 
previously mentioned studies.  

In conclusion, a multidisciplinary CR program 
with supervised exercise training support 
significantly improves functional capacity and 
hemodynamics parameters in CHF patients. 
Therefore, a supervised and guided exercise training 
program is safe and beneficial for patients with 
CHF with different etiologies. 

Acknowledgments 
The authors would like to thank the staff of the 
Cardiac Rehabilitation Center and Dr. Heidari for 
his assistance with cardiovascular assessments and 
all staff of other parts of Isfahan Cardiovascular 
Research Institute. We would also like to thank the 
Faculty of Physical Education and Sport Sciences, 
the University of Isfahan, for supporting this study 

Conflict of Interests 
Authors have no conflict of interests. 

References 
1. Lloyd-Jones D, Adams R, Carnethon M, De SG, 

Ferguson TB, Flegal K, et al. Heart disease and 
stroke statistics-2009 update: a report from the 
American Heart Association Statistics Committee 
and Stroke Statistics Subcommittee. Circulation 
2009; 119(3): 480-6. 

2. McKay J, Mensah GA, Greenlund K. The Atlas of 
Heart Disease and Stroke. Geneva, Switzerland: 
World Health Organization; 2004. 

3. Iranian Ministry of Health and Medical Education. 
A National Survey on Health and Diseases in Iran 
[Online]. 2012; Available from: URL: 
www.behdasht.gov.ir 

4. Sarraf-Zadegan N, Boshtam M, Malekafzali H, 
Bashardoost N, Sayed-Tabatabaei FA, Rafiei M, et 
al. Secular trends in cardiovascular mortality in 
Iran, with special reference to Isfahan. Acta Cardiol 
1999; 54(6): 327-33. 

5. Palatini P, Julius S. The role of cardiac autonomic 
function in hypertension and cardiovascular 
disease. Curr Hypertens Rep 2009; 11(3): 199-205. 

6. Lauer MS. Autonomic function and prognosis. 
Cleve Clin J Med 2009; 76(Suppl 2): S18-S22. 

7. Lahiri MK, Kannankeril PJ, Goldberger JJ. 
Assessment of autonomic function in 
cardiovascular disease: physiological basis and 
prognostic implications. J Am Coll Cardiol 2008; 
51(18): 1725-33. 

8. Thompson PD, Buchner D, Pina IL, Balady GJ, 
Williams MA, Marcus BH, et al. Exercise and 
physical activity in the prevention and treatment of 
atherosclerotic cardiovascular disease: a statement 
from the Council on Clinical Cardiology 
(Subcommittee on Exercise, Rehabilitation, and 
Prevention) and the Council on Nutrition, Physical 
Activity, and Metabolism (Subcommittee on 
Physical Activity). Circulation 2003; 107(24): 
3109-16. 

9. Sarrafzadegan N, Rabiei K, Kabir A, Asgary S, 
Tavassoli A, Khosravi A, et al. Changes in lipid 
profile of patients referred to a cardiac 
rehabilitation program. Eur J Cardiovasc Prev 
Rehabil 2008; 15(4): 467-72. 

10. Kabir A, Sarrafzadegan N, Amini A, Aryan RS, 
Kerahroodi FH, Rabiei K, et al. Impact of cardiac 
rehabilitation on metabolic syndrome in Iranian 
patients with coronary heart disease: the role of 
obesity. Rehabil Nurs 2012; 37(2): 66-73. 

11. Kabir A, Sarrafzadegan N. The real role of exercise 
versus medication in lipid profile of patients 
referred to a cardiac rehabilitation program. Eur J 
Cardiovasc Prev Rehabil 2011; 18(4): 680-1. 

12. Leon AS, Franklin BA, Costa F, Balady GJ, Berra 
KA, Stewart KJ, et al. Cardiac rehabilitation and 
secondary prevention of coronary heart disease: an 



 Aerobic exercise and congestive heart failure 

 

 

156 ARYA Atheroscler 2013; Volume 9, Issue 2  

 
www.mui.ac.ir 

How to cite this article: Keyhani D, Kargarfard M,
Sarrafzadegan N, Sadeghi M. Autonomic function 
change following a supervised exercise program in 
patients with congestive heart failure. ARYA 
Atheroscler 2013; 9(2): 150-6. 

American Heart Association scientific statement 
from the Council on Clinical Cardiology 
(Subcommittee on Exercise, Cardiac Rehabilitation, 
and Prevention) and the Council on Nutrition, 
Physical Activity, and Metabolism (Subcommittee 
on Physical Activity), in collaboration with the 
American association of Cardiovascular and 
Pulmonary Rehabilitation. Circulation 2005; 
111(3): 369-76. 

13. Taylor RS, Brown A, Ebrahim S, Jolliffe J, Noorani 
H, Rees K, et al. Exercise-based rehabilitation for 
patients with coronary heart disease: systematic 
review and meta-analysis of randomized controlled 
trials. Am J Med 2004; 116(10): 682-92. 

14. Carter B, Zilwa CD. How to Plan a Cardiac 
Rehabilitation Program. New South Wales, Australia: 
National Heart Foundation of Australia; 1997. 

15. Sarrafzadegan N, Rabiei K, Shirani S, Kabir A, 
Mohammadifard N, Roohafza H. Drop-out 
predictors in cardiac rehabilitation programmes and 
the impact of sex differences among coronary heart 
disease patients in an Iranian sample: a cohort 
study. Clin Rehabil 2007; 21(4): 362-72. 

16. Forjaz CL, Matsudaira Y, Rodrigues FB, Nunes N, 
Negrao CE. Post-exercise changes in blood pressure, 
heart rate and rate pressure product at different 
exercise intensities in normotensive humans. Braz J 
Med Biol Res 1998; 31(10): 1247-55. 

17. Hui SC, Jackson AS, Wier LT. Development of 
normative values for resting and exercise rate 
pressure product. Med Sci Sports Exerc 2000; 
32(8): 1520-7. 

18. Ribeiro F, Alves AJ, Teixeira M, Miranda F, 
Azevedo C, Duarte JA, et al. Exercise training 
enhances autonomic function after acute 
myocardial infarction: a randomized controlled 
study. Rev Port Cardiol 2012; 31(2): 135-41. 

19. Robinson BF. Relation of heart rate and systolic 
blood pressure to the onset of pain in angina 
pectoris. Circulation 1967; 35(6): 1073-83. 

20. Collier J, Robinson BF, Nachev CH. Heart rate, 
arterial Wood pressure and peripheral venous 
compliance in relation to ischaemic pain. In: Larsen 
OA, Malmborg RO, Editors. Coronary heart disease 
and physical fitness: proceedings. Baltimore, MD: 
University Park Press; 1971. p. 107-9. 

21. May GA, Nagle FJ. Changes in rate-pressure product 
with physical training of individuals with coronary 
artery disease. Phys Ther 1984; 64(9): 1361-6. 

22. de Backer G, Depoorter AM, Willems P, Varewijck 
E. The influence of rehabiliation on the physical 
performance after myocardial infarction. A 

controlled trial. Acta Cardiol 1974; 29(6): 427-40. 
23. Kargarfard M, Basati F, Sadeghi M. Rouzbehani 

R, Golabchi A. Effects of a Cardiac Rehabilitation 
Program on Diastolic Filling Properties and 
Functional Capacity in Patients with Myocardial 
Infarction. J Isfahan Med Sch 2011; 29(131):  
243-52. 

24. Borg G. Physical performance and perceived 
exertion. Lund, Sweden: C. W. K. Gleerup; 1962. 

25. Borg G. Subjective effort in relation to physical 
performance and working capacity. In: Pick HL, 
editor. Psychology: From Research to Practice. 
New York, NY: Plenum Press; 1978. p. 333-61. 

26. Imai K, Sato H, Hori M, Kusuoka H, Ozaki H, 
Yokoyama H, et al. Vagally mediated heart rate 
recovery after exercise is accelerated in athletes but 
blunted in patients with chronic heart failure. J Am 
Coll Cardiol 1994; 24(6): 1529-35. 

27. Wu TY. Yeh HI, Chan P, Chiou YF, Tsai JC. The 
Effects of Simple Eight-week Regular Exercise on 
Cardiovascular Disease Risk Factors in Middle-
aged Women at Risk in taiwan. Acta Cardiol Sin 
2007; 23(3): 169-76. 

28. MacMasters WA, Harned DJ, Duncan PW. Effect of 
exercise speed on heart rate, systolic blood pressure, 
and rate-pressure product during upper extremity 
ergometry. Phys Ther 1987; 67(7): 1085-8. 

29. Adams J, Hubbard M, McCullough-Shock T, 
Simms K, Cheng D, Hartman J, et al. Myocardial 
work during endurance training and resistance 
training: a daily comparison, from workout session 
1 through completion of cardiac rehabilitation. Proc 
(Bayl Univ Med Cent) 2010; 23(2): 126-9. 

30. Kim C, Kim BO, Lim KB, Kim YJ, Park YB. The 
Effect of Power-walking in Phase 2 Cardiac 
Rehabilitation Program. Ann Rehabil Med 2012; 
36(1): 133-40. 

31. Ahn JK, Kim C, Bang IK, Kim YJ. Effectiveness of 
cardiac rehabilitation on exercise capacity and 
ventricular function in ischemic heart disease 
patients. Korean J Sports Med 2006; 24: 229-36. 

32. Contractor AS. Cardiac rehabilitation after 
myocardial infarction. J Assoc Physicians India 
2011; 59(Suppl): 51-5. 

 
 
 

 

 

 

 



 

 
1- Interventional Cardiologist, Cardiac Rehabilitation Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of 
Medical Sciences, Isfahan, Iran 
2- Associate Professor, Department of Radiology, Isfahan University of Medical Sciences, Isfahan, Iran 
3- Resident, Shahrekord University of Medical Sciences, Shahrekord, Iran 
4- Resident, Cardiac Rehabilitation Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran 
5- Professor, Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran 
6- Associate Professor, Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical 
Sciences, Isfahan, Iran 
Correspondence to: Ali Hekmatnia, Email: amir135236@yahoo.com 

 
 ARYA Atheroscler 2013; Volume 9, Issue 2 157 

 
www.mui.ac.ir 

Diagnostic performance of 64-row coronary CT angiography in detecting 
significant stenosis as compared with conventional invasive coronary angiography 

Amirreza Sajjadieh(1), Ali Hekmatnia(2), Maryam Keivani(3),  
Abdollah Asoodeh(4), Masoud Pourmoghaddas(5), Hamid Sanei(6) 

 

Abstract 
BACKGROUND: The aim of the present study is to evaluate the accuracy of 64-multidetector-row 
computed tomography angiography (CTA) in comparison to conventional invasive angiography 
(CIA) in the diagnosis of significant stenosis (≥ 50%) of coronary artery tree. 

METHODS: Assessment of CTA in the detection of coronary artery disease (CAD) was performed 
in patients referred because of symptoms or stress studies suggestive of ischemia. For this 
purpose, among more than 1000 cases of coronary CTA in a 20 months period a study 
population of 54 patients suspected to have significant stenosis of the coronary artery tree was 
investigated. The CIA procedure was performed in these patients one month after CTA. The 
accuracy of CTA in detecting significant stenosis was compared to CIA. 

RESULTS: For vessel based analysis of 179 coronary vessels, CTA had a sensitivity of 96%, 
specificity of 87.5%, positive predictive value of 90.5%, and negative predictive value of 94.6%. 
For patient-base analysis, the sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of CTA were 97.9%, 28.6%, 66.6%, and 90.2%, respectively. 

CONCLUSION: The findings of this study reveal that CT angiography with 64-slice scanner could 
be considered as a suitable technique for rapid triage of patients presenting to hospitals with chest 
pain. High values of sensitivity and PPV reveal the good performance of CTA in detecting CAD. 

 
Keywords: Coronary Artery Disease (CAD), Computed Tomography Angiography (CTA), 
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Introduction 

Coronary artery disease (CAD) is one of the main 
causes of disability and death all over the world. For 
several decades, conventional invasive angiography 
(CIA) has been considered as the well-established 
gold standard for making the diagnosis of CAD. 
Conventional invasive angiography (CIA) is highly 
reliable compared to other indirect evaluation 
methods such as stress testing. CIA has a high 
diagnostic ability to determine the extent, location, 
and severity of coronary obstructive lesions. Thus, 
this method remains the main standard for the 
diagnosis of CADs. However, CIA is not a good 
choice in some cases due to its invasive nature and 

the risk of complications, i.e. arrhythmia, myocardial 
infarction, stroke, access site problems, etc. Finally, 
nearly one third of CIAs were reported to be 
normal, and therefore this invasive procedure is not 
necessary for all patients.1 Furthermore, there are 
constraints on the number of CIA that can be 
undertaken, in terms of the cardiologist’s time.2 
Therefore, an accurate non-invasive alternative 
evaluation method for diagnosing CAD is highly 
desirable. Note that noninvasive modalities, like stress 
echocardiography and myocardial radionucleotide scan, 
are unable to evaluate the coronary artery since these 
methods evaluate only the corresponding 
myocardial segment. In order to overcome 
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thecomplications of CIA, multi-slice computed 
tomography angiography (CTA) has been proposed 
in recent years as an alternative procedure for 
determining the presence of coronary obstructions. 
With the recent development in hardware with 
multiple detectors, the spatial and temporal 
resolutions of images have been significantly 
improved and consequently CTA has become the 
center of interest for clinicians. The  
4-slice, 16-slice, and 64-slice imaging machines have 
been utilized in 1998, 2001, and 2004, respectively.2 
These machines facilitated the rapid identification 
and assessment of atherosclerosis within the 
moving coronary arteries and potentially reduced 
the necessity for CIA. Abdulla et al. evaluated the 
diagnostic accuracy of 64-slice CTA compared with 
the standard reference CAD.3 Based on their 
systematic search, 27 studies including 1740 patients 
were considered for meta-analyses. Their review 
paper validated CTA as a potential alternative to 
CIA in patients suspected of having coronary 
stenosis. Mowatt et al. undertook another 
comprehensive systematic review and meta-analysis 
of the clinical effectiveness and cost-effectiveness of 
64-slice or higher CTA as an alternative to CIA for 
detecting CAD. The diagnostic accuracy and 
prognostic studies enrolled over 2500 and 1700 
people, respectively.4 Other systematic reviews have 
also been conducted on evaluation of 64-Slice CTA 
in the diagnosis and assessment of coronary artery 
disease.2,5,6 Stein et al. preformed a systematic 
review on 64-slice CTA for diagnosis of CAD.7 
They concluded that negative CTA reliably excluded 
significant CAD. However, the data suggest that 
stenoses shown on CTA need confirmation. 
Combining the results of 64-slice CTA with a 
pretest clinical probability assessment would 
strengthen the diagnosis.7 Further useful findings 
can be found in other works that have examined the 
accuracy of CTA in comparison with CIA for 
detecting CADs.8-20 The current investigation was 
conducted using a 64-row-detector CT scanner to 
evaluate the sensitivity, specificity, negative 
predictive value, and positive predictive value of 
CTA in identifying significant stenosis (≥ 50%). 
The accuracy of 64-row CTA is compared with that 
of the CIA method as the gold standard. 

Materials and Methods 
Patients 
The study population was chosen from the 1000 
patients who were suspected of having coronary 
artery disease and who referred to the Heart Center 

of Al Zahra Hospital between March 2010 and 
January 2012. 

In this study 54 patients asked to participate. 
According to the cardiologist all these patients 
underwent CIA one month after CTA was 
performed. Exclusion criteria for CTA were based 
on technical factors that made the patient unsuitable 
for the procedure. These included known allergic 
reaction to iodinated contrast agents, high baseline 
heart rate (> 70 beats/min) with contraindication to 
beta-blockade, atrial fibrillation, inability to hold the 
breath for 15-s, inability to lie flat, abnormal renal 
function (serum creatinine level > 1.5 mg/dL). The 
detailed characteristics of the study population are 
listed in table 1. The study was approved by the 
local ethical review board. 

 
Table 1. Patient demographics and clinical indications  
(n = 54) 

 Number Percentage 

Male 34 63 

Mean age (years) 59 - 

Diabetes mellitus 13 24 

Hypertension 22 41 

Smoking 15 28 

Hyperlipidemia 21 39 

 
Preparation procedure 
The patients’ heart rates were assessed 1 hour 
before scanning. Patients with a prescan heart rate 
of higher than 60 beats/min received 50–100 mg 
oral metoprolol 1 hour before CTA. In the case of 
patients with anxiety, 0.5 mg alprazolam was given. 
If the heart rate was still higher than 60 beats/min 
at the time of the examination, intravenous 
propranolol (< 10 mg) was used to achieve a target 
prescan heart rate of less than 60 beats/min. 
Sublingual nitrates were used before the procedure. 
Scanning Protocol 
All patients were scanned with a 64-slice single-
source CT scanner (Medical health care GE Work 
Station RDW 4.3, GE, USA). The scanning 
parameters applied have been reported in table 2. 
After calcium scanning, a bolus of 80-100 ml 
nonionic iodinated contrast medium (Ultravist-300) 
followed by 50–60 ml of normal saline was injected 
through an antecubital vein by way of an 18-gauge 
catheter using a dual injector at a flow rate of 4–6 
ml/s. A dose of 15 ml contrast material was used 
during the bolus timing scan calculated (by the 
apparatus software) at the level of the descending 
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aorta. Seven seconds were added to the calculated 
time to carry out the CT procedure. All data sets 
acquired were reconstructed from the axial, coronal, 
and sagittal images using a retrospective 
electrocardiogram gating with the GE Advantage 
Windows Workstation 4.3. The data set was 
reconstructed at 75% of R-R intervals. In cases that 
motion artifacts resulted in low image quality, 
additional data sets were reconstructed between 
25% and 85% of R-R interval to obtain optimal 
image quality. 
Table 2. Angiographic Scan Parameters 
Number of Slices per rotation 64 × 1 

Individual detector width 0.625 mm 

Rotation time 0.33 sec 

Tube voltage 120 kVp 

Tube current 320 mA 

 
CTA Image Evaluation 
The reconstructed images were visually evaluated 
for estimation of coronary artery narrowing. Axial 
images, postprocessing volume-rendered 3D 
images, the maximum intensity projections, 
multiplanar reconstructions, and linear 
conformation of the vessels were used to evaluate 
vessel stenosis. A significant lesion was defined as 
more than 50% reduction in lumen diameter. The 
judgment about the absence/presence of CAD 
was made after viewing the various images and 
checking stenosis of main coronary vessels, i.e. 
left main artery, left anterior descending, 
circumflex artery, first diagonal, second diagonal, 
obtuse marginal, right coronary artery and the 
posterior descending artery. 
CIA procedure and analysis 
Routine CIA procedure was performed via the 
femoral or radial artery. All evaluated vessels were 
classified as normal vessels, having non-significant 
disease (luminal irregularities resulting in narrowing 
< 50%), or as having significant stenosis (luminal 
narrowing ≥ 50%). Accordingly, patients were 
classified as positive for the presence of significant 
CAD if there was a significant stenosis in any artery. 
Comparisons were then made between CTA and 

CIA findings. 
Statistical Analysis 
The CTA accuracy for detecting vessel stenosis was 
evaluated by four indicative statistical parameters 
including sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV). 
These parameters were calculated for vessels and for 
the patients and presented as percentages [95% 
confidence interval]. The sensitivity parameter shows 
that there is positive CTA among patients with 
positive CIA. The sensitivity is mathematically 
determined as the sum of true positive divided by the 
sum of diseased. The specificity parameter implies 
the negative CTA among patients with negative CIA. 
The specificity is calculated as the sum of true 
negative divided by the sum of non diseased. 

Results 
Patient-Based Analysis 
The characteristics of the 54 patients were analyzed 
and the results are presented in table 3. The 
obtained results reveal that 2 patients were 
diagnosed as normal by both CIA and CTA (true 
negative). Only 1 patient was considered as normal 
based on CTA findings, but this patient was 
diagnosed as abnormal by CIA. This reveals that 1 
case was reported as false negative. Figure 1 depicts 
the typical example of false negative cases where 
CTA reveals normal coronary arteries but CIA 
shows obstructive CAD. Of the remaining 51 
subjects diagnosed as abnormal on CTA, 46 were 
confirmed by CIA (true positive). Figure 2 depicts a 
typical example of true positive cases where both 
CTA and CIA reveal CAD. Finally, 5 cases were 
reported abnormal on CTA while proved to be 
normal by CIA (false positive). 
Vessel-Based Analysis 
The obtained results of the vessel-based analysis 
have been reported in table 4. For this analysis 179 
vessels were evaluated using both CTA and CIA 
procedures. According to the vessel-based obtained 
data presented in table 4, 95 true positive, 70 true 
negative, 10 false positive, and 4 false negative cases 
were reported in this study when compared to CIA 
procedure. 

 
Table 3. Diagnostic performance of CTA for the detection of > 50% stenosis for patient-based analysis 

Analysis N TP TN FP FN Sensitivity % Specificity % PPV % NPV % 

Patient-based 54 46 2 5 1 97.9 28.6 90.2 66.6 
TP: True positive; TN: True negative; FP: False positive; FN: False negative; PPV: positive predictive value; NPV: negative predictive value 
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Table 4. Diagnostic performance of CTA for the detection of > 50% stenosis for vessel-based analysis 

Analysis N TP TN FP FN Sensitivity % Specificity % PPV NPV 

Vessel-based 179 95 70 10 4 96 87.5 90.5 94.6 
TP: True positive; TN: True negative; FP: False positive; FN: False negative; PPV: positive predictive value; NPV: negative predictive value 
 

    
Figure 1. A typical example of false negative cases where (a) computed tomography angiography (CTA) reveals no significant 

stenosis while (b) conventional invasive angiography (CIA) shows a significant stenosis at proximal part of right coronary artery 
 

   
Figure 2. A typical example of true positive cases where both computed tomography angiography (CTA) (a) and conventional 

invasive angiography (CIA) (b) show a significant stenosis  
 

Discussion 
Many progresses have been accomplished to 
provide time-saving accurate diagnostic protocols 
for CAD suspected patients. The advent of 64-slice 

CT scanners accelerated this evolution. CTA is 
recommended as useful especially for patients with 
higher complications of CIA. However, a crucial 
issue is to understand how close the CTA and CIA 

a 

a 

b 

b 
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findings are. According to the patient-based data 
presented in table 3, CTA has a sensitivity of 97.9%, 
a specificity of 28.6%, a positive predictive value of 
90.2%, and a negative predictive value of 66.6% 
when compared to CIA procedure. Furthermore, a 
sensitivity of 96%, a specificity of 87.5%, a positive 
predictive value of 90.5%, and a negative predictive 
value of 94.6% is reported for vessel-based analysis. 
Comparison between the obtained results and those 
presented in other review papers show that both 
patient-based and vessel-based sensitivity of the 
present study are very close to the values reported 
by previous researchers for 64-slice CTA.5,6 The 
high sensitivity of CTA reveals the reliability of this 
method as a conservative approach for ruling out 
CAD via a negative CTA result. Note that due to 
the high sensitivity of CTA it is very improbable to 
miss any positive case via this method. A similar 
trend is observed for the PPV parameter. 
Comparing the present study with other 
investigations reveals that the computed PPV 
(90.2% for patient-based and 90.5% for vessel-
based analysis) is close to those reported in previous 
literature.5,6 This reveals the good performance of 
CTA in detecting CAD, and one can conclude that 
a positive CTA result indicates a significant CAD. In 
this study, the low values of patient-based specificity 
and NPV might be attributed to the conservative 
selection of the study population. Note that CTA 
was conducted on patients suspected to have a 
significant CAD instead of randomly selected 
patients. This conservative approach results in a 
selection bias and the consequent reduction of the 
real negative cases, specificity. However, this 
difference is not observed in the case of vessel-based 
analysis in which the computed parameters are close 
to those reported in previous literature.5,9,18,19 
Interestingly, most (70%) false reports, i.e. false 
positive and false negative cases, are reported for left 
anterior descending (LAD) artery. This finding is in 
accordance with the findings of Sheikh et al., who 
reported lower sensitivity for LAD vessel in 
comparison with those of other main vascular tree 
vessels (RCA and Cx artery).9 Moreover, CTA can 
reliably detect patients who need revascularization 
(interventionally or surgically) based on the involved 
vessels and segments. This is important from the 
clinical point of view.11 
Technological advancements 
It is expected that the new generation of scanning 
machines with higher number of slice per rotation 
(rows) and higher temporal resolution can diminish 
the inaccuracies of the present 64-slice CT scanners. 

Previous research on different generation of multi-
detector CT machines (4-slice, 16-slice, and 64-slice 
scanners) revealed that increase in number of slice 
per rotation results in more accurate results.21 This 
trend is expected to be continued for the 
forthcoming multisection scanners with higher 
number of detectors. For example, new generated 
320-row scanners improved image acquisition as 
well as reduced radiation dose compared with 
retrospectively gated 64-row CTA.15 Moreover, in 
recent years, several modified techniques, i.e. dose 
modulation, eliminating helical oversampling, 
prospectively gated approach with 
electrocardiogram triggering, and etc., have been 
developed to decrease CTA radiation dose.22-24 
These technological advances show that the 
reliability of CTA can reach that of CIA in the 
future. Furthermore, a systematic heart rate control 
might significantly improve the diagnostic accuracy 
of the present single-source CTA. Note that a 
comparison between single-source and dual-source 
CTA revealed the significant influence of heart rate 
control on enhancing the diagnostic accuracy of 
single-source 192 CTA.8 

Limitations 
It should be remarked that the present study was 
preformed based on single-center data, hence the 
obtained results might not be generalized. The 
following limitations to the present study should be 
considered. First, patients were exposed to a higher 
dose of radiation in CTA procedure in comparison 
with CIA.12 Therefore, concerns should be raised 
about applying conservative radiation dose, and 
careful patient selection especially in the cases of 
young people and women of childbearing age.25 
Moreover, note that CTA was conducted on patients 
suspected to have a significant CAD referred for 
CIA. This, results in a selection bias in the study. 
Therefore, the present diagnostic performance may 
not be directly applicable to patients with a lower 
prevalence of CAD. Finally, it should be noted that 
heavy coronary calcification and the consequent 
beam hardening are the major limitations to reliable 
evaluation of all coronary arteries.26-28 In these cases 
CIA might be more useful than CTA in obtain 
completely reliable diagnoses. It should be noted that 
while a calcium score of higher than 600 is known as 
a limiting parameter for CTA, this was not a 
dominant limitation in present study. Some technical 
tricks like higher flow rates of contrast injection, 
lower heart rates, and reconstruction with sharper 
kernels and wider window level improved the image 
quality.29 
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Future directions 
For increasing the diagnostic performance of CTA, 
one might evaluate the myocardial perfusion. This 
can be preformed by combining the anatomic data 
with physiologic significance of the atherosclerotic 
lesions. Further investigation is required to develop 
appropriate acquisition protocols for optimal image 
acquisition and decreased radiation dose. With the 
developments in CTA technology, future studies 
should be conducted on reducing radiation 
exposure, while maintaining high image quality. 

Conclusion  
The present study may have applied clinical 
implications for the detection of stenosis of higher 
than 50%. Results demonstrated moderately good 
diagnostic accuracy for the assessment of obstructive 
CAD using 64-row CTA. For vessel based analysis, 
CTA had the sensitivity, specificity, positive predictive 
value, and NPV of 96%, 87.5%, 90.5%, and 94.6%, 
respectively. For patient-based analysis, these values 
were 97.9%, 28.6%, 66.6%, and 90.2%, respectively. 
The high value of sensitivity reveals the good 
performance of CTA in ruling -out CAD. Similarly, it 
has been reported that high PPV indicates the 
reliability of CTA in diagnosing CAD. While the mean 
specificity and NPV of patient-based analysis is lower 
than those reported in previous literature, this 
difference is not observed in vessel-based analysis. The 
findings reveal that CT angiography with 64-slice 
scanner could be considered as a suitable technique for 
rapid triage of patients presenting to hospital with 
chest pains. It should be noted that further 
investigation is required to determine whether 64-row 
scanning technology has sufficient resolution to 
delineate CAD. 
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Percutaneous coronary intervention of an obstructive left anterior descending artery 
with anomalous origin of right coronary artery 

Laxman Dubey(1) 

 

Abstract 
Coronary artery anomalies are a rare type of congenital anomalies with an incidence of 1.3% 
during routine cardiac catheterization. Anomalous origin of the coronary arteries is considered 
an incidental finding without clinical significance. This case describes a patient in whom 
evaluation of chest pain revealed an obstructive left anterior descending artery as well as an 
anomalous right coronary artery arising from the left coronary sinus. The patient underwent 
successful percutaneous coronary intervention of the left anterior descending artery and was 
discharged home free of angina 3 days later. 
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Introduction 

The incidence of coronary anomalies was found to 
be 1.3% in a large series of patients undergoing 
coronary angiography.1 Of these, most were 
abnormalities of the origin of the coronary arteries, 
and a few were coronary artery fistulas. Anomalous 
origin of the coronary arteries is considered an 
incidental finding without clinical significance; 
however, these abnormalities may be responsible 
for angina pectoris, heart failure and increased risk 
of sudden death. This case describes a patient in 
whom evaluation of chest pain revealed an 
obstructive left anterior descending artery as well as 
an anomalous right coronary artery arising from the 
left coronary sinus. The patient underwent 
successful percutaneous coronary intervention of 
the left anterior descending artery. 

Case Report 
A 52–year–old female presented to our center with 
exertional chest pain for the previous 7 days which 
had increased in intensity for 1 day. Pain was 
associated with sweating. She had a history of 
systemic hypertension but was not on medication. 
Her electrocardiogram showed sinus rhythm with 
non-specific T-wave abnormalities. Clinical 
examination revealed a moderately built female with 
a blood pressure of 140/80mmHg and a regular 
pulse at 78 beats per minute. Hemoglobin, white 

cell count, differential white cell count, serum 
electrolytes, renal function tests, and liver function 
tests were within normal limits. CK-MB was 28U/L 
and troponin I was negative. Transthoracic echo 
showed grade 1 left ventricular (LV) diastolic 
dysfunction, normal LV systolic function, and no 
wall motion abnormalities. Cardiac catheterization 
was done via right radial artery approach. Selective 
catheterization of the left coronary artery (LCA) 
showed normal left main (LM) coronary artery, 
normal left circumflex artery (LCX) coronary artery, 
and a significant obstructive lesion (80%) in mid 
part of the left anterior descending artery (LAD) 
just after the first diagonal branch, with good distal 
flow (Figure 1). 

During selective catheterization of the LCA, 
filling in the right coronary artery (RCA) was noted. 
Attempted cannulation of the RCA was difficult. 
Nonselective coronary angiography revealed 
aberrant dominant RCA arising from the left aortic 
sinus adjacent to the origin of the LCA (Figure 2). 
Selective coronary angiography of RCA showed 
anomalous origin from left aortic sinus; however, 
RCA had no significant stenotic lesions (Figure 3). 
The diagnosis of obstructive LAD lesion with 
anomalous origin of the RCA from the left aortic 
sinus was made. The LM artery was engaged with 6 
French Judkins left 3.5 guiding catheter (Cordis). A 
0.014 inch BMW (Abbott) guidewire was used to 
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are aberrant origin of the RCA from the left sinus 
of Valsalva.  

The incidence of anomalous RCA in congenital 
coronary anomalies is variable in different 
populations, with the highest incidence in Indian 
and the lowest incidence in German populations 
(0.46% and 0.04%, respectively).3,4 Angelini 
reported that the incidence of anomalous 
origination of the RCA from the left sinus is 
0.92%.5 Kaku et al. examined 17,731 patients 
undergoing coronary angiography in Japanese 
centers between 1968 and 1994 and noted a 
prevalence of 0.25%.6  

Most of the coronary anomalies remain 
asymptomatic and are incidental to investigations by 
coronary angiography. However, some have 
reported that an anomalous origin of the RCA can 
lead to angina pectoris, myocardial infarction, or 
sudden death even in the absence of 
atherosclerosis.6 The pathophysiologic basis for this 
association is unclear. Angina, infarction, or sudden 
death in these cases may be triggered by myocardial 
ischemia. The ischemia appears to be secondary to a 
combination of several factors that produce 
obstruction, such as mechanical compression of the 
RCA by the great vessels or the oblique angle at the 
juncture of the anomalous right coronary artery and 
a slit-like orifice in the aortic wall, which can 
collapse during exercise, produced by the left 
coronary sinus.6 

Anomalous left main coronary artery as the 
cardiac anomaly has been shown to be associated 
with sudden cardiac death, but the choice of 
treatment in anomalous origin of RCA is 
controversial.7 Proposed options include 
translocation of the RCA to the aorta, ostioplasty, 
and bypass grafting of the RCA, with optional 
ligation of the native artery proximal to the graft 
anastomosis to prevent competitive flow.7,8 
However, the long-term benefits of such therapies 
have not yet been demonstrated. Surgery in patients 
older than 35 years is not advised because sudden 
death mostly occurs before 35 years of age and the 
risk of sudden death decreases with age.8,9 In such 
cases the chief aim is good symptomatic relief. In a 
five year follow-up study in congenital coronary 
anomaly managed medically, no death was found to 
be directly related to the congenital anomaly.6 

In conclusion, the congenital anomaly in this  

case was an incidental finding, since the patient’s 
initial clinical presentation was suggestive of 
significant atherosclerotic coronary heart disease. 
This case represents a rare case of anomalous origin 
of the RCA from the left sinus and successful PCI 
to severe stenosis at the mid LAD with good result. 
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