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Abstract

Heart failure (HF) is a chronic, progressive illness that
is highly prevalent in the United States and worldwide.
This morbid illness carries a very poor prognosis, and
leads to frequent hospitalizations. Repeat hospitaliza-
tion in HF is both largely burdensome to the patient
and the healthcare system, as it is one of the most
costly medical diagnoses among Medicare recipients.
For years, investigators have strived to determine
methods to reduce hospitalization rates of HF patients.
Despite such efforts, recent reports indicate that re-
hospitalization rates remain persistently high, without
any improvement over the past several years and thus,
this topic clearly needs aggressive attention. We per-
formed a key-word search of the literature for relevant
citations. Published articles, limited to English abstracts
indexed primarily in the PubMed database through the
year 2011, were reviewed. This article discusses vari-
ous clinical parameters, serum biomarkers, hemody-
namic parameters, and psychosocial factors that have
been reviewed in the literature as predictors of re-hos-
pitalization of HF patients. With this information, our
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hope is that the future holds better risk-stratification
models that will allow providers to identify high-risk
patients, and better customize effective interventions
according to the needs of each individual HF patient.

© 2012 Baishideng. All rights reserved.
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hospitalization; Chronic heart failure; Hospitalization
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INTRODUCTION

Heart failure (HF) is a prevalent and morbid chronic ill-
ness. According to the European Society of Cardiology
and the American Heart Association, HF affects approxi-
mately 15 million Europeans and over 5 million Ameri-
cans™, HF is not only taxing to the patient, but also to
the healthcare system. Studies evaluating the economic

burden of HF among several countries reveal estimated
direct HF costs of 1%-2% of total healthcare expendi-
tures, with approximately two-thirds of costs attributable
to hospitalization”. While HF poses a significant burden
to healthcare systems worldwide, the most abundant
data and literature comes from the United States. In the
United States a reported $37.2 billion was spent in di-
rect and indirect costs in 2009, with $20.1 billion dollars
of the expenditure relating to hospitalization”. Repeat
hospitalization contributes significantly to the hospitaliza-
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tion expenditure as HF patients are re-hospitalized at an
alarmingly high rate, with approximately 50% of patients
requiring readmission in the 6 mo after initial hospitali-
zation™. Reports from the Medicare Payment Advisory
Commission reported that Medicare expenditures for
potentially preventable re-hospitalizations may be as
high as $12 billion a yearm. Public reports from Medicare
data reported by Ross ez al” revealed that all-cause 30-d
readmission rates after HF hospitalization have shown
no improvement over the past several years with rates of
23.0% in 2004, 23.3% in 2005, and 22.9% in 20006, indi-
cating that this persistent public health problem must be
addressed more aggressively. In this article, we aim to dis-
cuss the predictors of re-hospitalization in patients with
chronic HF, with the hope that providers will better be
able to identify their patients who are at highest risk of re-
peat hospitalization, and customize their care accordingly.

PREDICTORS OF HEART FAILURE
HOSPITAL READMISSIONS

Numerous studies have been conducted in order to iden-
tify factors associated with readmission of HF patients.
In order to identify such relevant studies, we performed
a key-word literature search using the PubMed database.
Examples of key words used were “heart failure”, “heart
failure readmission”, “heart failure hospitalization”,
“predictors of heart failure”. Only English citations
were searched and reviewed through 2011. We found
that with the vast and diverse HF population as well as
the differences in study characteristics, many predictors
have been identified, however not all factors have been
consistently found to be predictors among all studies.
Several groups of investigators have presented statistical
models and risk scores in order to determine patient risk
of readmission after HF hospitalizationll“]. Identifying
predictors among HF patients will help physicians to
improve risk stratification and to determine the optimal
post discharge plan for preventing readmission. Many
predictors of readmission have been recognized and can
be organized into (1) clinical parameters; (2) serum bi-
omarkers; (3) hemodynamic parameters; and (4) psycho-
social factors.

Clinical parameters

Patients with chronic HF may present to the hospital
with various symptoms that represent volume overload
and/or hypopetfusion. One study found several clinical
predictors of early re-hospitalization (within 30 d) in-
cluding angina, lower systolic blood pressure, and more
extensive edema, while clinical predictors of later (within
90 d) of re-hospitalization included pulmonary rales,
high jugular venous pressure, depressive symptoms and
old age'”. Coronary heart disease and prior pacemaker
implantation were also predictors of 90-d readmis-
sion'"”. Implantable cardioverter-defibrillator (ICD)
insertion and ICD firing has also been found by several
groups to be a predictor of re-hospitalization™¥. The
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Multicenter Automatic Defibrillator Implantation Trial
I randomized control trial also found atrial fibrillation
and diabetes to be predictors of HF re-hospitalization
as well as a prolonged QT interval, and elevated heart
rate”. Female sex and age have also been found to be
predictors of re-hospitalization!™'". Muzzarelli ez a/'”
highlighted that patients with chronic HF have signifi-
cant comorbidities and demonstrated that 45% of re-
hospitalization was secondary to non-cardiovascular
conditions. According to a Medicare analysis reported
by Aranda et al'", HF accounted for 28% of all hospital
readmissions in the 6-9 mo following the initial (index)
HF hospitalization, followed by pneumonia and chronic
obstructive pulmonary disease. Patients who were re-
admitted had more diabetes, peripheral vascular disease
and stroke when compared with HF patients who were
not readmitted after their index hospitalizationm. These
studies indicate that comorbid conditions may be signifi-
cant predictors of repeat hospitalization of HF patients.

Several studies have shown that previous hospitaliza-
tion is a powerful independent predictor of readmis-
sion™"""" One study from Japan showed that prior
hospitalization was the strongest predictor of HF re-
hospitalization in a mixed population of HF with pre-
served and depressed ejection fraction patientsm]. Medi-
care data reveals average initial HF hospitalization as 5.5
+ 5.4 d"7, although there exists some variation, longer
hospital stays were commonly desctribed as more than 7 d.
Increased length of initial hospital stay has been shown
to be a predictor of future readmission'™”". Both length
of hospital stay and repeat hospitalization worsened
prognosis and increased risk of mortahtylzo’m. Findings
from the CHARM program reported that the risk of dy-
ing increased with each additional HF hospitalization'™.
After discharge from a second or third hospitalization
there was an associated 30% cumulative incremental risk
of death™. Reports also indicate that the risk of death
was highest in the immediate post-discharge period, with
an estimated 6-fold excess risk in the first month after
discharge compared to a 2-fold increased risk of death 2
years after dischargem. These reports not only highlight
the morbidity and mortality associated with hospitaliza-
tion but also suggest an important role for increased
surveillance in the immediate post-discharge period.

The ctiology of worsened prognosis with hospital-
ization itself has not been fully elucidated. Some attri-
bute the worsened prognosis to the use of intravenous
diuretics and catecholamine release™”, while others have
proposed that hospitalization leads to deconditioning
and decreased exercise tolerance, which have been asso-
ciated with increased likelihood of re-hospitalization and
poorer prognosis”~. A recent prospective study among
African American patients with acute decompensated
HF revealed that a distance of less than 200 m on the
6-min walk test was found to be a strong and indepen-
dent predictor of mortality and HF re—hospitah'zationmj.

Serum biomarkers
Studies have shown that renal function worsens dut-
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ing hospitalization[ZS’%J. Findings from Outcomes of a

Prospective Trial of Intravenous Milrinone for Exacer-
bations of Chronic Heart Failure (OPTIME-CHF) dem-
onstrate that during hospitalization, 39% of HF patients
had greater than 25% increase in blood urea nitrogen
(BUN) and 12% had greater than a 25% decrease in es-
timated glomerular filtration rate (¢GFR)"’. Worsening
renal function during hospitalization has been associated
with increased HF hospitalizationslz&z()]. Decreased renal
function at the time of admission, defined as GFR less
than 45 mL/min per 1.73 m”, has also been found to be
an independent predictor of re—hospita]izationm’wj. One
study reported that at 1 year, 67% of HF patients with
preserved renal function remained hospitalization-free
compared with only 42.5% of HF patients with renal
dysfunctionm.

Patients with HF suffer from vasomotor nephropa-
thy, which can be defined as renal dysfunction that results
from afferent/efferent arteriolar perfusion mismatch. In
HF patients, this cardiorenal interaction at least in part
occuts as a result of a distinct neurohormonal activation.
While decreased renal function characterized by increased
creatinine levels and lower eGFR have been associated
with poor outcome findings from the ACTIV in
CHF study and OPTIME-CHF indicate that the BUN
level is a better predictor of both mortality and re-hos-
pitalization at 60 d” BUN is likely a better prognostic
indicator because it is more indicative of vasomotor
nephropathy rather than an actual measure of renal
dysfunctionlm. In HE the renin-angiotensin-aldosterone
system and sympathetic nervous system are activated,
causing afferent arteriolar vasoconstriction and resulting
reduction in renal perfusion pressure and increase in wa-
ter reabsorption. This results in more filtered urea being
absorbed along with water and sodium in the proximal
tubule of the nephron. Vasopressin release also causes
increased urea reabsorption in the distal nephron. These
changes result in elevated BUN often independently of
changes in GFR™ as creatinine is secreted and not
reabsorbed by the kidney.

Activation of the renin-angiotensin-aldosterone sy-
stem may also explain the low serum sodium levels,
defined as < 134 mEq/L, seen in HF patients. The
increased proximal tubular sodium and water retention
that occurs as a compensatory mechanism for decreased
renal perfusion, results in decreased sodium and water
delivery to the collecting duct of the nephron, which,
combined with resistance to the action of natriuretic
peptides, results in impairment of free-water excretion
and hyponatremiam. Increased vasopressin levels in
HF contribute to the development of hyponatremia by
increasing the number of aquaporin water channels in
the collecting duct of the kidneym]. While studies have
shown that baseline admission serum sodium have been
associated with poor prognosis and increased mortal-
itym, findings from the ESCAPE trial indicate that only
persistent hyponatremia predicts both 6-mo mortality
and re-hospitalization when compated to patients with
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corrected hyponatremia or normonatremia™. The poor
prognosis may also be explained by the correlation of
low serum sodium with ventricular ectopym, increased
sudden death™”, and increased in-hospital mortalityl“].

Anemia, defined by the World Health Organization
as hemoglobin (Hb) < 12 g/dL in females and < 13
g/dL in males, is quite prevalent in HF patients. Stud-
ies have demonstrated varying prevalence, ranging from
4% to 50%"*. Low serum Hb in HF patients is likely
related to hemodilution secondary to volume overload.
This patient population suffers from a high number of
comorbid chronic diseases, which also likely contribute
to the high prevalence of anemia. Findings from the
OPTIME-CHEF study, which reported a prevalence of
anemia of 49%, show that, after adjusting for confound-
ing variables associated with volume overload, anemia
remained an independent predictor of death or re-hospi-
talization'"”. These investigators reported a 12% increase
in the probability of death or re-hospitalization within
60 d for every 1 g/dL decrease in admission Hb*,

B-type natriuretic peptide (BNP) is a commonly mea-
sured serum biomarker that is released from the cardiac
ventricles and promotes vasodilatation, natriuresis, and
diuresis in response to pressure and volume ovetload™.
BNP has been used to help distinguish between cardiac
s pulmonary etiologies of dyspnea as well as to act as
a guide for therapy in patients with chronic HE. Pre-
discharge BNP has been shown by numerous studies to
be a predictor of treadmission .

Cardiac troponin T has also been used as a prog-
nostic cardiac biomarker as it represents cardiomyocyte
injury. In patients with HEF, cardiac troponins are often
found to be detectable, and elevated values have been
associated with poor prognosis in both ambulatory and
hospitalized patientsmmj, and have also been found to
be independent predictors of readmission™.

Cystatin, which is a serum marker for renal func-
tion has been shown to be an independent predictor
of HF readmission™. Serum cystatin C concentrations
have been shown to correlate with serum creatinine
and eGFR™. Reports show that this marker predicts
prognosis better than creatinine and the Modification
of Diet in Renal Disease equation in HF patientsl%’w],
perhaps because this serum marker appears to be in-
dependent of age, sex and muscle mass and is able to
detect early renal dysfunction. Reports have shown that
HF patients with elevated cystatin C levels exhibited
higher cardiac event rates compared with patients with
normal cystatin C levels, even in patients with normal
serum creatinine!™".

Several studies have assessed multiple cardiac bio-
markers simultaneously in order to gain complementary
prognostic information that could be used to improve
risk stratification of HF patients. A recent prospective
study incorporated NT-pro BNP, cardiac troponin T
and cystatin C and, after multivariate regression analysis,
found that independent and complementary prognostic
information was gainedw. A significant gradual in-
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creased risk of mortality and/or readmission was report-
ed as the number of elevated biomarkers increased™”.
The prognostic value of the multi-marker approach was
found to be more powerful that the single-marker ap-
proachHS]. Another recent prospective study evaluated
the incremental usefulness of multiple conventional bio-
markers that have been known to have prognostic value
in HF patients including elevated BNP, uric acid, high
sensitivity C-reactive protein, decreased levels of se-
rum sodium and Hb, and renal insufﬁciencymj. Patients
were given 1 point for each abnormal biomarker, then
organized into 3 strata according to multi-marker score.
Patients in the high strata (5-7 abnormal biomarkers)
were found to have significantly higher rates of re-hos-
pitalization than those in the low strata (0-3 abnormal
biomarkers). After multivariate Cox proportional hazard
regression analysis, only multimarker score was found
to be an independent predictor of cardiac death or re-
hospitalization among all the variables™. These findings
suggest that the multi-marker approach may be a simple,
objective way to improve risk stratification of HF pa-
tients for the prediction of readmission.

Hemodynamic predictors

HF patients commonly are readmitted with signs and
symptoms of volume overload. While clinical parameters
and laboratory findings are useful, these values are not
always specific thus several studies have sought to inves-
tigate more accurate ways to determine volume status in
an effort to prevent premature hospital discharges and
reduce readmissions. Invasive measurements of right
heart pressutres and pulmonary capillary wedge pressures
are gold standard methods of determining intravascular
volume status but are not always practical for most pa-
tients. Conventional echocardiographic parameters that
are measured in HF are left ventricular ejection fraction
(LVEF) and mitral flow, which is an index of left ven-
tricular filling pressure. LVEF has been an inconsistent
predictor of readmission, with some studies suggesting
patients with lower LVEF were more likely to be read-
mitted"””, while others showed no difference!**.
One novel study performed comprehensive 2-dimen-
sional echo-Doppler examination prior to discharge and
found that early diastolic velocity/tissue Doppler early
diastolic mitral annular velocity (E/Ea), as a measure
of left ventricular filling pressure, in combination with
elevated pre-discharge BNP levels were powerful and
incremental predictors of cardiac death or re-hospitali-
zation for HE, to which the conventional predictors did
not add"”. Because of the cost and inconvenience of
large full-featured ultrasound platforms, a more recent
study evaluated the use of hand-carried ultrasound de-
vices. In addition to pre-discharge BNP, this prospective
study evaluated pre-discharge inferior vena cava size and
collapsibility as these are known predictors of right atrial
pressureﬁ()]. Patients requiring repeat hospitalization were
found to have abnormal inferior vena cava diameter (>

2.0 cm) and collapsibility indices (< 50%), 3 times and
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1.5 times as often, respectively, when compared with pa-
tients who did not require hospitalizarjonm.

Most recently, investigators have been evaluating the
effect of implantable hemodynamic devices that detect
rising intracardiac pressures and therefore help predict
future hospitalization, allowing the provider the chance
to titrate diuretics and neurohormonal antagonists prior
to clinical deterioration and hospitalization. Retrospec-
tive analysis of data from the COMPASS-HF trial which
evaluated the impact of continuous monitoring of the
Chronicle® device has shown a 36% prolongation in
the time to first HF hospitalizationm. Data from the
HOMEOSTASIS trial, which evaluated the impact of
the left atrial HeartPOD" device, found improvement
in hemodynamics, symptoms, quality of life, as well as
reduction in death and decompensated HF events, once
left atrial-pressure guided therapy was initiated”. Results
from the CHAMPION trial, which evaluated the effect
of the CardioMEMS" Heart Sensor, demonstrated a
30% reduction in HF hospitalizations at 6 mo of follow-
upm. The recent Partners HF study evaluated patients
with cardiac resynchronization therapy implantable
cardioverter-defibrillators which have been programmed
with a diagnostic algorithm on an independent dataset!".
They found that a positive diagnostic algorithm corre-
sponded to a 5-fold increased risk of HF hospitalization
within the following month"". These devices may be
beneficial options in ambulatory HF patients with ad-
vanced symptoms that are refractory to optimal medical
therapy and are at high risk for re-hospitalization as well
as those with co-morbidities such as pulmonary disease
or morbid obesity.

Psychosocial parameters

The morbidity associated with HF causes significant psy-
chological distress, thought to be associated with changes
in functional status, work status, and increased relation-
ship strains™ . Studies have demonstrated the preva-
lence of depression among HF patients to be quite high,
ranging from 9%-60%, with large variation likely owing
to the method of diagnosis, with prevalence estimates
being lower with medical record diagnosis »s diagnosis
via patient questionnaires'”. One study showed that pa-
tients with major depression, diagnosed by initial screen-
ing with the Beck Depression Inventory followed by an
interview using a modified National Institute of Mental
Health Diagnostic Interview Schedule, had readmission
rates 3 times that of patients with only mild depression
or no depression'””. Similarly, findings from OPTI-
MIZE-HF analysis show that depression was associated
with increased mid (3-6 mo after discharge) and late (1
year after discharge) re-hospitalization, but not eatly re-
hospitalization (within 3 mo of discharge), likely indi-
cating that hospitalization immediately post discharge
can be attributed to other factors™. In an effort to link
depression with the increased morbidity associated with
HE, investigators have demonstrated that depression in-
creases neurohormonal activation, proinflammatory cy-
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Table 1 Risk stratificatio

Re-hospitalization risk

Predictors High risk Intermediate risk Low risk

Clinical parameters 3 2 1
Previous hospitalization
Long hospital stay
Age
Sex
Clinical symptoms
Low blood pressure
Comorbid conditions
ICD, ICD firing
QRS prolongation
Elevated heart rate
Serum biomarkers 3 2 1
Impaired renal function
BUN
Persistent hyponatremia
Anemia
Pre-discharge BNP
Cardiac troponin T
Cystatin
Hemodynamic parameters 3 2 1
Pre-discharge elevated E/Ea
IVC > 2.0 cm, collapsibility < 50%
Abnormalities in implantable
intracardiac device parameters
Psychosocial parameters 3 2 1
Major depression
Lack of emotional support
Single marital status
No occupation
Race
Education
Poor follow-up
Low income
Intensity of multidisciplinary 3 2 1
support/follow-up/therapy/
education

All heart failure patients should be risk-stratified based upon the number
of predictors present (those with the highest number of predictors would
be considered high risk while those with the lowest number would be low
risk). 3 denotes patients with the highest risk or re-hospitalization; 2 de-
notes an intermediate risk; 1 denotes the lowest risk. While all heart failure
patients require comprehensive, multidisciplinary support, the intensity
should be adjusted according to their risk of re-hospitalization. 3 denotes
that high risk patients should receive the highest intensity of support; 1
denotes that patients with the lowest risk of re-hospitalization should re-
ceive lowest intensity of support; and 2 denotes that intermediate risk pa-
tients should get intermediate intensity support relative to the highest and
lowest risk patients. Also etiology of re-hospitalization must be taken into
consideration when customizing intervention to the individual patient.
BNP: B-type natriuretic peptide; E/Ea: Early diastolic velocity/tissue Dop-
pler early diastolic mitral annular velocity; IVC: Inferior vena cava; BUN:
Blood urea nitrogen; ICD: Implantable cardioverter-defibrillator.

tokines, hypercoagulability, and arrhythmias all of which
160,61,66,67) Depression
may also contribute to poor medical and dietary com-
pliance as well as deconditioning, Hospitalized patients
with HF and depression have also been found to experi-
ence longer hospital stays and were less likely to receive

may contribute to decompensation

cardiac procedures, components of HF education, and
. . 65
referral to outpatient disease management programs'”,

These findings together suggest a role for closer depres-
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sion screening as well as optimized therapy for depres-
sion in HF patients.

A strong social network has also been shown to
reduce readmission rates in cardiac patientslés]. Among
elderly patients with HE, the lack of emotional support
was found to be a strong independent predictor of death
or re-hospitalization'. Correspondingly, single marital
status has also been shown to be an independent cot-
relate of readmission'”. Another independent predictor
of readmission was no occupation“sj, perhaps owing to
increased physical activity and younger age of patients
who have an occupation. A recent study also found that
low income was an independent predictor or re-hospi-
talization of HF patients. Several studies have shown
that there are differences in HF statistics depending on
race'™. African Americans have a 50% higher incidence
of HF compared with the general population and also
have higher risk of initial and repeat hospitalization[m
Poor follow-up was also found to be a strong predictor
of HF readmission, with studies showing patients with
less follow-up had a 5-fold increase in the risk of HF
readmission!®. These findings highlight the interplay
between the social and medical factors that lead to re-
admissions as well as indicate the need for establishing
adequate social support and medical follow-up for HF
patients.

We feel that all patients that are hospitalized for HF
should be risk stratified as high risk, intermediate risk, or
low risk of re-hospitalization according to the number
of predictors of re-hospitalization they possess (Table 1).
Also, the etiology of re-hospitalization must be evalu-
ated, addressed, and taken into consideration when
determining re-hospitalization tisk™. Those patients
who are at highest risk for re-hospitalization should be
given the highest intensity of multidisciplinary support,
education, follow-up, therapy, and access to resources,
while those at lower risk should be given less (Table 1).
This customized approach is crucial when resources are
sparse and finances limited and may lead to reduced re-
hospitalization of HF patients.

CONCLUSION

As investigators gain a more complete understanding of
the pathophysiology of HE, more novel predictors of
poor outcome are being identified. Extensive research
has revealed a variety of promising predictors of re-hos-
pitalization in HF patients including clinical parameters,
serum biomarkers, novel hemodynamic approaches,
and psychosocial factors. We hope the future holds the
development of an effective, universally applicable risk
stratification model utilizing the numerous predictors
of readmission that have been identified. Perhaps better
risk models will allow providers to better tailor compre-
hensive HF management programs, therapies, follow-
up, and allocation of resources according to the needs
of each individual patient and thus lead to reduced re-
hospitalization of patients with chronic HE.
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Abstract

AIM: To study the interobserver variability between
a cardiologist and vascular medicine specialist in the
screening of the abdominal aorta during transthoracic
echocardiography (TTE).

METHODS: Consecutive patients, > 55 years of age,
underwent abdominal aortic imaging following stan-
dard TTE. Two cardiologists and one vascular medicine
specialist performed a blinded review of the images.
Interobserver agreement of abdominal aortic size was
determined by the correlation coefficient and paired ¢
test. Interobserver reliability for each cardiologist was
assessed using Bland-Altman plots.

RESULTS: Ninety patients were studied. The mean
age of patients was 72 £ 10 years and 48% were
male. The mean aortic diameter was 2.31 £ 0.50 cm
and 5 patients (5.5%) had an abdominal aortic aneu-
rysm (AAA). The additional time required for the ab-
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dominal aortic images was 4.4 £ 0.9 min per patient.
Interobserver agreement between the 2 cardiologist
interpreters and the vascular medicine specialist was
excellent (P > 0.05 for all comparisons). On Bland-Alt-
man analysis of interobserver reliability, the 95% lower
and upper limits for measurement by the cardiologists
were 84% and 124% of that of the vascular specialist.

CONCLUSION: The assessment of the abdominal aor-
ta during a routine TTE performed by a cardiologist is
accurate in comparison to that of a vascular medicine
specialist. In selected patients undergoing TTE, the
detection rate of AAA is significant. Additional time and
effort required to perform imaging of the abdominal
aorta after TTE is less than 5 min.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Abdominal aortic aneurysms (AAA) affect approximately
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5% of elderly men at risk factors of cardiovascular dis-
ease!™. Most AAA are not detectable on physical ex-
amination and remain silent until discovered during
radiologic testing for other reasons or when complica-
tions occur. The recommendation for abdominal aortic
ultrasound screening for AAA by the United States Pre-
ventive Services Task Force in select populations (men,
age > 04 years, history of tobacco use) and by several
Vascular Societies are supported by evidence demonstrat-
ing a reduction in aneurysm-related mortality™. How-
ever, AAA screening has not been widely adopted due
to differing criteria for screening and uncertainty about
costs and insurance coverager”wj. Transthoracic echocar-
diography (T'TE) is frequently performed in patients with
atherosclerotic vascular disease who may be at risk for
the development of AAA. Although not commonly ap-
preciated, the equipment used for TTE is similar to that
used for abdominal aortic ultrasound, and imaging of the
abdominal aorta can easily be performed as an adjunct to
a standard echocardiographic examination.

The prevalence of AAA detected during TTE is es-
timated as 0.8%-6.5% depending on the demographic
characteristics of the population screened"™". Further-
more, the additional time required for AAA screening af-
ter TTE is generally less than 5 min. However, little data
is available on who should interpret the study. Therefore,
we designed a protocol for screening the abdominal aor-
ta during TTE with the primary objective of comparing
the interobserver vatiability between a cardiologist and
vascular medicine specialist (i.e., the “gold standard”).

MATERIALS AND METHODS
Study design

We prospectively evaluated 90 consecutive patients (age
> 55 years old) scheduled for a clinically indicated TTE
at the Cleveland Clinic Florida between November 1,
2005 and April 1, 2006. The study was approved by the
Institutional Review Board. Clinical and demographic
data were extracted from the electronic medical record.
It was not known to the sonographer or the investiga-
tors at the time of the study whether the patient had
a history of AAA. The same sonographer, licensed in
both cardiac and vascular imaging performed all stud-
ies. Patient data were recorded with patient identifier
numbers for confidentiality, and a database was secured
with access only to the principal investigator and co-
investigators.

Ancillary abdominal aortic ultrasound

An ancillary aortic ultrasound was petformed in all pa-
tients after the routine TTE images were completed and
immediately after the subcostal images were obtained.
A standard ultrasound machine with harmonic imag-
ing mode and cardiac presets was utilized (Philips iE33;
Philips Medical System, Andover MA or Sequoia C512;
Acuson, Mountain View, CA). The transducer probe and
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Figure 1 The mid abdominal aorta image obtained during transthoracic
echocardiography. A: Transverse image; B: Longitudinal view.

frequency were not changed. Images of the proximal,
mid and distal abdominal aorta in transverse and lon-
gitudinal planes were obtained (Figure 1). Images were
digitally clipped and stored for future review and labeled
with a study number. In a subgroup of 19 patients, the
time taken to perform the additional abdominal aortic
images was recorded.

Measurements

Two staff cardiologists (Novaro GM, Asher CR) and
one vascular medicine specialist (Fernandez Jr BB) made
off-line measurements of the abdominal aorta. Measure-
ments were made in 10 patients (30 segments) using the
outer-edge to outer edge convention of the proximal,
mid and distal aortic transverse projection. The readers
were blinded to patient information. For the purpose of
the study, AAA was defined as a diameter = 3 cm.

Statistical analysis

Comparisons were made between the cardiologists and
vascular medicine specialist using paired # tests and Pear-
son’s coefficient of correlation (7). Bland-Altman differ-
ence plots were constructed to evaluate interobserver
agreement between each Cardiologist’s interpretation
compared with that of the vascular medicine specialist.
These plots depict the mean of the aortic measurements
on the x-axis, and the difference and 95% limit of agree-
ment on the y-axis. P < 0.05 was considered statistically
significant. We used SAS 9.1 (Cary, NC) and R 2.6.1 for
all statistical analysis.

February 26, 2012 | Volume 4 | Issue 2 |



Navas EV et al. AAA screening during transthoracic echocardiography

A

Cardiologist 1

1.5 2 25 3
Vascular medicine

40
3571

2.5 ¢ . .
20 *
15} .- s

Cardiologist 2

0.5
0.0 ‘ ‘ ‘ ‘

Vascular medicine

Figure 2 Linear regression analysis comparing aortic diameters mea-
sured in centimeters between cardiologists and a vascular medicine spe-
cialist. A: Between cardiologist 1 and vascular medicine specialist (r = 0.70); B:
Between cardiologist 2 and vascular medicine specialist (r = 0.66).

RESULTS

The study group comprised 90 patients, 43 men (48%),
with an average age of 72 = 10 years and body mass
index (kg/mz) of 26.4 = 5.6, 57 (63%) hypertensive,
51 (57%) smokers, 29 (32%) with coronary artery dis-
ease and 16 (18%) with diabetes. All abdominal aorta
segments (proximal, mid and distal) were visualized
adequately for measurement in 77% of patients. The
infrarenal segment was seen in 93%, with the distal
abdominal aorta least often well seen. The mean aortic
diameter was 2.31 £ 0.50 cm. Five patients (5.5%) had
abdominal aortic aneurysms (defined as a diameter = 3.0
cm) ranging from 3.4 to 5.1 cm. Among the 5 patients
with AAA, 2 were known and comparison computed to-
mography within 6 mo showed similar sizes (one patient
had an AAA of 5.3 cm measured by computed tomog-
raphy and of 5.1 cm measured by TTE and one patient
had an AAA of 3.6 cm measured by computed tomog-
raphy and of 3.9 cm measured by TTE). In 2 patients
with small AAA, no confirmation was obtained due to
advanced age and comorbid conditions. The additional
time required for the abdominal aortic images was 4.4 *
0.9 min per patient.

Interobserver agreement between the 2 cardiologist
interpreters and the vascular medicine specialist was
excellent (P > 0.05 for all comparisons; cardiologist 1
vs cardiologist 2, P = 0.531; cardiologist 1 »s vascular
medicine, P = 0.728; cardiologist 2 »s vascular medicine,
P = 0.432; Figure 2). Linear regression analysis showed a
strong correlation at all 3 levels of aortic diameters. On
Bland-Altman analysis of interobserver reliability, the
95% lower and upper limits for measurement by cardi-
ologist 1 were 84.4% and 123.8% of that of the vascu-
lar medicine specialist and for cardiologist 2 they were
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Figure 3 Bland-Altman plot of interobserver reliability showing 95% limits
of agreement for measurement by cardiologists vs the vascular medicine
specialist. The units on the y-axis are centimeters. A: Cardiologist 1 vs the vas-
cular medicine specialist; B: Cardiologist 2 vs the vascular medicine specialist.

88.9% and 124.8% of that of the vascular medicine spe-
cialist. These differences were clinically insignificant with
most measurements within 7 mm of the “gold standard”
measurement (Figure 3).

DISCUSSION

In our study, we demonstrate that the interpretation of
the abdominal aorta performed by a cardiologist during
a TTE is accurate compared with that by a vascular med-
icine specialist. We found a similar prevalence of AAAs
(5.5%) in a select group of patients 55 years of age and
older as reported by previous studies and a limited (<
5 min) additional time required for abdominal imaging
after a standard TTE.

AAA occur in 1-2% of the general population, most
often in elderly man with a prior history of tobacco use
or hypertension”. Current guidelines from the United
States Preventive Services Task Force, Societies of Vas-
cular Surgery and Medicine and Medicare recommend
and support screening for AAA in selected groups of at-
risk patients on the basis that screening is cost-effective
and reduces aneurysm-related mortality” . Screening is
underutilized because of the lack of consensus criteria
and uncertain reimbursement'”. Therefore, since the
population of patients with cardiovascular disease un-
dergoing TTE and those who are at risk for AAA have
similar risk factors, abdominal aortic imaging during
TTE is appealing and increasingly studied. Echocar-
diography continues to be a widely performed and reim-
bursable test particulatly in patients with cardiovascular
diseases such as coronary artery disease, hypertension,
valvular heart disease and thoracic aortic disease.

The prevalence of AAA detected during supplemen-
tary imaging during TTE ranges from 0.8%-6.5%'"""".
These studies have included both unselected and selected
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populations of patients chosen for screening undergo-
ing routine TTE examinations. Confirmatory testing has
shown favorable accuracy for TTE screening compared
with a gold standard test (computed tomography, mag-
netic resonance imaging or abdominal aortic ultrasound).
Several studies have also demonstrated that imaging of
the abdominal aorta can be performed with the same
equipment and in limited time for most patients, usually
less than 5 min"*'%,

Most studies on AAA screening during TTE do not
identify the training of the sonographer performing the
examinations or the background of the interpreting phy-
sician. Although, cardiologists routinely make measure-
ments of the ascending aorta during TTE, they do no
usually evaluate the abdominal aorta. Conventions for
measuring the ascending aorta vary, including inner edge
to inner edge and leading edge to leading edge tech-
niques, differing from standard measurements made by
vascular medicine specialists. In addition, the abdominal
aorta has considerably more atheroma than the ascend-
ing aorta, which confounds measuring the outer edge
of a blood vessel. Therefore, it is important to establish
that cardiologists without vascular training can accu-
rately measure the abdominal aorta and detect AAA. We
utilized a sonographer with training in both cardiac and
vascular imaging. It cannot be expected that a cardiac
sonographer without vascular training can image the ab-
dominal aorta with similar quality.

We did not systematically compare the measurement
of the aorta made by TTE to a gold standard test and
therefore sensitivity and specificity cannot be deter-
mined. Intraobserver variability was not performed.

The assessment of the abdominal aorta during a
routine TTE performed by a cardiologist is accurate in
comparison to that of a vascular medicine specialist. In
selected patients that fit the criteria for AAA screening,
TTE detection of AAA is significant. Additional time
and effort required to perform imaging of the abdomi-
nal aorta after TTE is less than 5 min.

COMMENTS

Background

Most abdominal aorta aneurysm (AAA) are not detectable on physical exami-
nation and remain silent until discovered during radiologic testing for other
reasons or when complications occur. Transthoracic echocardiography (TTE) is
frequently performed in patients with atherosclerotic vascular disease who may
be at risk for the development of AAA. Although not commonly appreciated, the
equipment used for TTE is similar to that used for abdominal aortic ultrasound,
and imaging of the abdominal aorta can easily be done as an adjunct to a stan-
dard echocardiographic examination. Furthermore, the additive time required
for AAA screening after TTE is generally less than 5 min. However, litle data is
available on who should interpret the study.

Research frontiers

Most studies on AAA screening during TTE do not identify the training of the
sonographer performing the examinations or the background of the interpret-
ing physician. Although, cardiologists routinely make measurements of the
ascending aorta during TTE they do no usually evaluate the abdominal aorta.
Conventions for measuring the ascending aorta vary including inner edge to in-
ner edge and leading edge to leading edge techniques, differing from standard
measurements made by vascular medicine specialists. In addition, the abdomi-
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nal aorta has considerably more atheroma than the ascending aorta which con-
founds measuring the outer edge of a blood vessel. Therefore, it is important
to establish that cardiologists without vascular training can accurately measure
the abdominal aorta and detect AAA. This research utilized a sonographer with
training in both cardiac and vascular imaging.

Innovations and breakthroughs

In this study, authors investigated interobserver variability in the evaluation of
TTE to assess the AAA. Two cardiologists and one specialist of vascular medi-
cine were compared for their ability to accurately assess the TTE findings to
diagnose AAA, since TTE is routinely used. They conclude that the diagnosis of
AAA by routine TTE is as accurately done by a cardiologist as compared with a
vascular medicine specialist.

Applications

The assessment of the abdominal aorta during a routine TTE performed by a car-
diologist is accurate in comparison to a Vascular Medicine specialist. In selected
patients that fit criteria for AAA screening, TTE detection of AAAis significant.
Peer review

This is an important work and it is well performed. The manuscript is well writ-
ten and sufficiently well illustrated.
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Abstract

AIM: To investigate potential gender differences in the
prevalence of cardiovascular risk factors, cardiovascular
disease (CVD) management, and prognosis in acute
coronary syndrome (ACS).

METHODS: A systematic literature search was per-
formed through Medline using pre-specified keywords.
An additional search was performed, focusing specifi-
cally on randomized controlled clinical trials in relation
to therapeutic intervention and prognosis. In total, 92
relevant articles were found.

RESULTS: Women with CVD tended to have more
hypertension and diabetes at the time of presentation,
whereas men were more likely to smoke. Coronary an-
giography and revascularization by percutaneous coro-
nary intervention were performed more often in men.
Women were at a greater risk of short-term mortality
and complications after revascularization. Interestingly,
women under 40 years presenting with ACS were at
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highest risk of cardiovascular death compared with men
of the same age, irrespective of risk factors. This disad-
vantage disappeared in older age. The long-term mor-
tality risk of ACS was similar in men and women, and
even in favor of women.

CONCLUSION: Mortality rates are higher among
young women with ACS, but this difference tends to
disappear with age, and long-term prognosis is even
better among older women.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Cardiovascular disease (CVD) is an important cause of
death among both men and women. In women, CVD de-
velops 7 to 10 years later than in men, potentially because
of a protective effect of estrogens. However, CVD is the
main cause of death among women and its occurrence

narrows women’s survival advantage over men'’, In most
parts of the world, the mortality rate has declined in the
last 30 years, except for Eastern Europe and China®. Tn the

February 26, 2012 | Volume 4 | Issue 2 |



United States in 2007, 391 886 men died because of CVD,
compared with 421 918 women!”, while 10 years previously
the mortality rate of CVD in men was significantly higher
in several countties”. Some studies have suggested gender
differences in presentation and treatment of CVD and
acute coronary syndrome (ACS), but there are many uncer-
tainties and discrepancies between these studies™. Besides
differences in presentation, women also seem to have dif-
ferent abnormalities with regard to electrocardiography and
scintigraphy, compared with men'. The aim of this review
is to provide an overview of what is known nowadays with
respect to possible gender differences in cardiovascular risk
factors, therapy and prognosis of ACS.

MATERIALS AND METHODS

A systematic literature search was performed through
Medline using pre-specified keywords. The following
keywords with synonyms were used for selecting relevant
studies: CVD, coronary artery disease (CAD), ACS/event,
ischemic heart disease, myocardial infarction (MI), gender,
sex, women, men, differences, estrogens, hormone re-
placement therapy (HRT), coronary artery bypass surgery
(CABG), percutaneous coronary intervention (PCI), re-
vascularization, readmission, postoperative complications,
outcome, and hospital mortality. Only studies that in-
cluded both men and women were eligible for review. Of
2260 articles found, 199 articles appeared relevant after
screening of the title and abstract. Furthermore, through
a search of the references in the articles obtained by these
keywords, 30 additional relevant articles were found.

A more focused exclusion of articles was then per-
formed in relation to therapy and prognosis of ACS.
Articles published before 2000 were excluded, because
therapy, operative techniques and thereby prognosis have
a high tendency to change over time. Selected articles
included patients with ACS, unstable angina, acute MI,
ST elevation MI (STEMI) and non-STEMI, and subse-
quently compared women with men. This provided 152
articles. After screening of the full text, a total of 92 ar-
ticles were found to be relevant and wvalid.

RESULTS
Epidemiology

The prevalence of CVD increased with age and was
higher among men. The prevalence of coronary heart
disease (CHD) in the United States was 37.4% in men and
35.0% in women in 2008, with a mortality rate of 48.2%
and 51.8% in men and women, respectively, in 2007. The
prevalence of CHD in men and women of 20 years and
older was 8.3% and 6.1%, respectively. When compar-
ing different countries, France and Japan had the lowest
prevalence of CHD for both men and women (Table
1P, Although the incidence of CVD remained higher in
men compared with women, figures of the last 30 years
showed a declining incidence of CVD in men, while the
incidence in women remained relatively stable. In North
America CVD is the leading cause of hospital admission
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Table 1 Mortality rates of coronary heart disease per
100 000 population by gender™

Country Year' Men Women
35-74 yr 35-74 yr
United States 2007 153.3 60.4
The Netherlands 2008 66.2 22.8
England/Wales 2007 138.3 434
Denmark 2006 84.8 324
France 2007 484 12.2
Germany 2006 12518 38.2
Ttaly 2007 75.6 222
Russian Federation 2006 706.0 237.1
China 2000 108.3 71.9
Japan 2008 47.6 13.8
Australia 2006 88.9 26.8
New Zealand 2005 138.4 47.2
Argentina 1996 140.3 39.4

"Most recent year available.

for both men and women. However, in women hospital
stay tended to be longer and they experienced higher
levels of pain, disability and discomfort, compared with
men”. In the United States in 2007, one out of three
deaths was caused by CVD and one out of six was due to
CHD. However, the risk of heart disease in women often
seemed to be underestimated, with CVD the major cause

of death in women older than 75 years".

Risk factors

The INTERHEART study identified nine different
global risk factors for an acute MI, namely smoking,
history of hypertension or diabetes, waist/hip ratio,
dietary patterns, physical activity, consumption of al-
cohol, blood apolipoproteins, and psychosocial factors.
Altogether, they could predict the risk of an acute MI
as 90% in men and 94% in women. Although most of
these classic risk factors were of equal clinical signifi-
cance in both men and women'”, women who presented
with ACS more often had hypertensionw’m], diabe-

[7-10,12,13,15-17,20,22-25,27,28,30-32,34-36,38,30,41-43 45-47,49-54,57-66]
tes , hyper-
cholesterolemia , and a history of
anginaW’SO], heart failure , and cerebrovas-
[7,39,47,50,52,63,64]

cular events (CVA) than men. On the other
haﬂd men tended o Smoke more[7—10,13—17,]9—22,25,26,28,30,3],33—44,
HOATIIL002000 5 1 were more likely to have a history
Of MI[7—‘),14,1(),]8,]9,21—23,28—32,3(),39,41,43,45,47,5],53—5(),58,()4] and prior
as shown in
Table 2. Although women smoked less, the relative risk
(RR) for developing a MI was 1.57 (95% CI: 1.25-1.97)

among smoking women in comparison to smoking

[7,9,10,13,15-17,21,22,26,28-30,35,36,50]

CABG ! 10:12.13,15:17,23,28,30,31,34,39,43,44,54,55,62-64,67)

men and this increased risk was pronounced in women
at younger age (< 55 years)™. The prevalence of fatal
CHD was substantially higher in patients with diabetes, in
comparison to patients without diabetes (5.4% »s 1.6%).
Among women, this effect of diabetes on mortality was
even stronger, with a RR of 3.50 (95% CI: 2.70-4.53),
compared with a RR of 2.06 (95% CI: 1.81-2.34) among
men with diabetes ss no diabetes™. Women with ACS

more often had a family history of CAD**™. However,
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Table 5 Percentage of peri-procedural complications during index admission stratified by gender

Author Design Study Patients Age (mean, yr) P Complications < admission (%) P
study/date population  Mep Women Men Women Men Women
Lansky et al®  RCT AMI + 1520 562 57.0 66.0 <0.001 MACE 32 6.4 0.002
2005 PTCA Bleeding 2.0 5.2 0.0003
Lansky et al”’  RCT PCI 687 314 61.8 65.9 <0.0001 MACE! 1.3 3.2 0.0766
2009 Vascular' 0.6 1.0 0.6844
M 1.0 29 0.0526
Tizén-Marcos RCT PCI 1050 298 59.7 62.5 <0.0001 MACE' 3.9 3.4 0.86
et al® 2009 Bleeding' 1.1 24 0.16
M 35 3.0 0.86
Thompson Pros PCI 807 359 61.7 67.7 < 0.0001 MACE 2.7 3.9 0.29
et al® 2006 cohort Vascular 42 12.0 < 0.0001
Jibran Retro ACS + 331 137 60.7 66.1 <0.0001 MACE' 3.9 29 0.8
et al®™ 2010 cohort PCI Access site' 15 6.2 0.02
mr 1.5 0.7 1.0
Duvernoy Pros PCI 14 848 7877 61.9 66.9 <0.001 MACE 448 5.19 <0.001
et al™ 2010 cohort Vascular 1.02 3.34 <0.001
MI 1.60 1.66 0.70
Bufe et al'®? Pros STEMI + 376 124 58 65 <0.001 Shock 10.1 11.3 0.838
2010 cohort PCI Renal failure 1.3 1.6 0.835
Reynolds et RTC MI 12 498 4090 59.5 67.0 <0.001 CVA' 0.2 0.6 <0.01
al® 2007 Heart failure 4.0 6.7 <0.001
Re-MI 2.7 35 0.004
Matsui Retro AMI 346 136 62.9 70.4 Heart failure 16 26 0.013
et al® 2002 cohort Re-MI 5 0.568
Moriel Pros ACS 820 511 78 79 0.12 CVA 2 1 0.79
et al®™ 2005 cohort Heart failure 21 21 0.86
Re-MI 15 14 0.61
Uva et al™ RCT CABG 1485 481 64.7 69.0 0.001 MACE 3.9 6.6 NS
2009 CVA 0.7 1.2 0.2
MI 0.7 13 0.08
Herlitz Retro AMI 835 588 72.7 79.2 <0.0001 Re-MI 4 2 0.02
et al™ 2009 cohort
Toumpoulis Pros CABG 2598 1162 63.2 66.2 <0.001 CVA 2.8 42 NS
et al® 2006 cohort Bleeding 1.8 15 0.592
MI 0.6 0.7 0.657
Liu et al™! Pros STEMI + 143 116 68.1 68.7 0.61 MACE 42 6.0 0.50
2008 cohort PCI
Berger Pros PCI 2953 1331 61.9 66.8 <0.001 MACE 2.9 3.0 0.922
et al™ 2006 cohort CVA 0.1 0.2 0.905
MI 1.6 1.7 NS
Access site 0.0 0.3 0.018
Chiu et al™ Pros PCI 12738 5301 623 66.5 <0.001  Transfusion 4 12 <0.001
2004 cohort Haematoma 5 6 0.568
Setoguchi Pros AMI 317 1308 80 82 <0.001 CVA 3 4 0.57
et al®™ 2008 cohort
Singh Retro PCI 7616 3365 64.7 69.4 0.48 CVA 0.5 0.9 0.29
et al™ 2008 cohort MI 11 14 0.44
Tillmanns Pros STEMI 513 178 60 66 <0.0001 Re-MI 3 2 NS
et al® 2005 cohort

'After 30 d. MI: Myocardial infarction; CABG: Coronary artery bypass grafting; PCI: Percutaneous coronary intervention; ACS: Acute coronary syndrome;
STEMI: ST elevation MI; NS: Not significant; CVA: Cerebrovascular accident; MACE: Major adverse cardiac events.

The proportion of men and women undergoing
10,11,26,2830-32,37,79 .
CABG was equal """ 35 shown in Table 4. In
women undergoing CABG, the internal mammary ar-
tery was used less often than in men. The usage of this
artery was assoclated with a decrease in mortality after
16
CABG"". Furthermore, women underwent surgery more
. [12,16,20,34,36,63,75]
commonly on an urgent basis than men .

Prognosis
Many discrepancies existed between the different stud-

(49
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ies investigating the prognosis of men and women with
an ACS. Some studies showed that women had more
complications during hospital admission compared with
men! 18BN while others showed no differ-
[23,25,28,33-35,35,40,44,46,48,54,56-58,62,81] (Table 5). Particularly at
younger ages, women tended to have a greater risk for car-
diac events compared with men at the same agem’sz]. This
difference disappeared in patients older than 65 years"™™,

Many discrepancies existed in the short-term mos-

tality rate of patients with ACS. Some studies revealed

ences
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Figure 1 Gender differences in mortality after a myocardial infarction
among different age categories. An odds ratio higher than one indicates an
increased mortality after a myocardial infarction in women in comparison to men.

a higher short-term mortality risk among wom-
7,12,17,22,24,27,28,35,36,57,64,78) . . 9.11,16,18,26,32-34,

en' P48 while others did not!

! (Table 6). As discussed above, older age at pre-

sentation was an important confounding factor in this re-
ar d[29,39,54,58,75,77,84j

46,48,54,59,65,81

An important finding was that women with ACS had
an increased mortality risk at younger ages compared
with men of the same agel39’45’52’64]. Figure 1 illustrates the
gender differences in mortality after a MI among differ-

ent age categories. As shown in this Figure, the difference
12,26,27,64,83,85]

in mortality risk was reduced in older age' .
Independent predictors of mortality were old age'

PABNADBIH With an OR of 1.06 (95% CI: 1.05-1.07)

fOr each addltlonal }762.1'[4()’74] [20,24,29,49,54,62,74,77,84]

20,29,

, diabetes™> "7 ,
heart failure®*” CAD"™, duration of ischemia, mul-
tiple vessel disease, history of MI, hypertension*""",
CVA" anemia™, cardiogenic shock, peripheral vascular
disease™ and ST-clevation, Whether female gender
can be considered as an independent risk factor remains
unclear. Some studies claimed it could®”"*"™>7 byt
others showed no significant association after adjust-
ment fOr risk factors[1(),22,29,34,38-4(],42—46,49,5(),53,54,58,59,61,62,()(),8(),82,84].
After adjustment for several risk factors, female gender
persisted as a risk factor for in-hospital mortality in ACS
only for patients aged 51-60 years (OR, 1.78; 95% CI:
1.04-3.049)™. After adjustment for age and cardiovascular
risk factors, the long-term mortality rate was equal for
both men and Women[13,2[),22~24,29,31,32,4(),4],44-4(),48,49,58-6(),62,()5,7()]
or even in favor of women
Table 6 and Figure 2.

In the past 20-25 years the mortality rate at 30 d af-
ter PCI or CABG has declined equally in both men and
women' ", Data were inconsistent on the differences
between men and women in the number of readmis-
sions®* and the number of second PCIs""!##122025:5:5]
Interestingly, differences were found in the restenosis
rates after PCI. In the first 6 mo after coronary stenting,
restenosis was found in 28.9% of the women, compared
with 33.9% of men (P = 0.01)". After adjustment of
gender, age and multiple risk factors, women showed a
23% risk reduction in angiographic restenosis compared
with men (OR, 0.77; 95% CI: 0.63-0.93). Diabetes and

(49
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Figure 2 Gender differences in mortality risk in patients with coronary
artery disease. An odds/hazard ratio higher than one indicates an increased
mortality in women in comparison to men. OR: Odds ratio; HR: Hazard ratio.

small vessel size were identified as the most important
predictors of restenosis. However, despite the higher
prevalence of diabetes in women and smaller vessel size,
women tended to have a lower incidence of restenosis™.
Whether this can be explained by the protective mecha-
nism of estrogens in women is still unknown. Estrogens
were shown to have an antiinflammatory effect on the
vessel wall and induce vasodilatation in coronary arter-
ies'"!. However HRT in post-menopausal women did not
lower the risk of mortality from CVD after adjustment
for other risk factors” ", HRT is therefore not recom-
mended as primary or secondaty prevention of CVD in

3
\VOI’IT[eIl[7 ].

DISCUSSION

Women with CVD tended to have more cardiovascu-
lar risk factors such as diabetes, hypertension, and hy-
percholesterolemia when presenting with ACS. More
importantly, women with an ACS at a young age had a
higher mortality rate during index hospitalization and
during 30 d of follow-up compared with men”. A pos-
sible explanation could be that pre-menopausal women
enjoyed some protection against ACS from estrogens and
those women who developed ACS despite this hormonal
protection were more likely to have a higher cardiovas-
cular risk factor burden leading to a more severe clinical
presentation and worse outcome. None of the discussed
studies adjusted for the use of hormone therapy among
women. This might lead to information bias, because
hormone therapy could influence the outcome of wom-
en with ACS. In the eldetly, the long-term mortality rate
was equal for both men and women, and even slightly
in favor of women!*"****#L27 “This small advantage
in survival might possibly be due to the greater aware-
ness and control of hypertension in women, compared
with men, as hypertension is an important risk factor for
CVD™.

Study results were inconsistent, but it seems that an
angiogram was less often performed in women than in
men. This phenomenon could partly be explained by the
higher average age of women as fewer diagnostic CAG
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were performed in both male and female patients of
older age. However, where a CAG was performed, wom-
en and men received the same therapy for similar vessel
disease™ " No differences between genders were
found in the number of performed CABGs.

The current review has several limitations. Most in-
cluded studies were retrospective in nature and performed
a post hoc analysis by stratifying by gender. Included stud-
ies were hard to compare due to different patient char-
acteristics; some studies included patients with STEMI,
while others also included non-STEMI or patients with
unstable angina. Another important limitation is the large
difference in mean age between the included men and
women across the different studies. Consequently, a com-
parison between the two genders was very difficult and
no firm conclusion can be drawn. In addition, women
are still underrepresented in most studies (inclusion rate
< 30%). Due to the relatively low incidence of outcomes
(e.g. complications, death), greater statistical power is
needed to reach statistical significance. Therefore, large
prospective observational cohort studies are needed in
the future to provide sufficient power to answer the ques-
tion whether female gender is an independent risk factor
for cardiovascular morbidity and mortality.

CVD is the main cause of death among women. The
prevalence of CVD is higher among men, but this gap
narrows after the menopause. Women present approxi-
mately 10 years later with ACS than men, and at the time
of presentation have a higher cardiovascular risk factor
burden. Women are less often assigned to receive a CAG
and subsequently less PCIs are performed. In addition,
women have more complications and a higher short-term
mortality after revascularization. Finally, mortality rates
are higher among young women with ACS, but this dif-
ference tends to disappear with age, and long-term prog-
nosis is even better among older women during long-
term follow-up.
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Published online: February 26, 2012 vascular beds. It is common to come across patients

with concomitant coronary artery disease (CAD) and
petipheral arterial disease (PAD), in whom panvascu-
lar revascularization is required. As they are high-risk
Abstract patients with poor clinical outcome, their management
requires a comprehensive multi-specialty approach. Fol-
lowing improvement in technical skills and hardware for
percutaneous interventions in recent years, more com-

It is common to see patients with atherosclerotic coro-
nary disease and peripheral arterial disease in routine
clinical practice. One needs to have a comprehensive ) . o N
and integrated multi-speciality approach and panvas- Plex les1qns with adver§e chplcal situations can un.der.go
cular revascularization in such patients. We report a intervention by a cardiologist/vascular interventionist.
54-year-old diabetic hypertensive male with extensive ~ We hereby report a case with CAD and PAD, who un-
atherosclerotic coronary and peripheral arterial dis-  derwent successful complex coronary and multiple pe-
ease, who presented with congestive heart failure,  ripheral interventions for his symptomatic disease.
claudication of both lower limbs and mesenteric isch-

emia. He underwent successful percutaneous panvas-

cular revascularization of coronary, renal, mesenteric, CASE REPORT
aorto-iliac and superficial femoral arteries. Long-term A 54-year-old hypertensive, diabetic male and chronic

patency of all the stents was also documented. smoker presented in February 2008 with symptoms of

dyspnea on exertion, New York Heart Association class
© 2012 Baishideng. All rights reserved. I for 1 year, orthopnea and paroxysmal nocturnal dys-

pnea for 1 mo, and 6-mo bilateral lower limb claudica-
Key words: Atherosclerosis; Aorto-iliac bifurcation; Coro- tion on walking 50 m. There was no history of angina,
nary artery disease; Chronic mesenteric ischemia; Con- syncope ot lower limb ulceration/discoloration. A gen-
trast induced nephropathy; C-reactive protein; Inferior eral physical examination revealed a blood pressure of
mesenteric artery; Peripheral arterial disease; Stents 130/90 mmHg in the right upper limb, feeble bilateral
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Figure 1 Coronary angiogram. A: 90% diffuse stenosis of proximal left anterior descending artery (LAD) and 90% tubular stenosis of the distal left circumflex ar-
tery (LCx); B: No residual stenosis following proximal LAD and distal LCx stenting; C: At 15 mo of follow-up, showing patent LAD and LCx stents. There is new 70%
bifurcation stenosis of the left main coronary arterywith osteal LAD stenosis. The LCx ostium is normal without any stenosis; D: No residual stenosis and normal LCx

ostium following left main coronary artery crossover stenting.

Figure 2 Left renal angiogram showing 75% osteal stenosis of renal artery.

femoral arterial pulse, dependent pitting edema of the
feet, and raised jugular venous pressure. Systemic exami-
nation revealed a left ventricular third heart sound, bi-
lateral crepitations in half of the basal lung fields. Ankle
brachial pressure index (ABPI) was 0.54 on the right and
0.68 on the left side. Blood investigations revealed he-
moglobin (Hb) 10.9 g/dL, urea 94 mg/dL, creatinine 1.9
mg/dL, and fasting blood sugar 250 mg/dL. The fast-
ing lipid profile was total cholesterol 151 mg/dL, high
density lipoprotein cholesterol (HDL) 38 mg/dL, low
density lipoprotein cholesterol (LDL) 81 mg/dL, and
triglycerides 137 mg/dL. Electrocardiography showed
a poor R wave in Vi-Va chest leads, with the rest within
normal limits. Two-dimensional echocardiography re-
vealed global left ventricular hypokinesia, an ejection
fraction of 0.30, mild tricuspid regurgitation, and an es-
timated pulmonary artery systolic pressure of 65 mmHg;
Peripheral ultrasound Doppler revealed focal stenosis of
the left superficial femoral artery (SFA) in the mid thigh.

After adequate decongestive therapy and glycemic
control, the patient underwent contrast angiography of
the coronary and peripheral vasculature. The coronary
angiogram revealed 100% block of the proximal non-
dominant right coronary artery, 90% diffuse stenosis
of the proximal left anterior descending artery (LAD)
(Figure 1A), 90% tubular stenosis of the distal left cir-
cumflex artery (LCx) (Figure 1A), and a left dominant
circulation. The left main coronary artery was normal

144
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Figure 3 Inferior mesenteric artery angiogram. A: 50% osteal stenosis of the
inferior mesenteric artery (IMA); B: Post-IMA osteal stenting with a 7 mm x 18 mm
balloon-expandable stent, at 15 mo follow-up, showing no residual IMA stenosis.

and obtuse marginal-3 was occluded from its origin. Left
ventricular end diastolic pressure was 50 mmHg, Periph-
eral angiography revealed 75% osteal stenosis of the left
renal artery (Figure 2), 50% osteal stenosis of the right
renal artery, a normal celiac trunk, 100% osteal block of
the superior mesenteric artery (SMA), 50% osteal steno-
sis of the inferior mesenteric artery (IMA) (Figure 3A),
diffuse narrowing of the infra-renal abdominal aorta,
and more than 50% bilateral stenosis of the common
iliac artery (right > left) (Figure 4A).

Following a detailed discussion about percutane-
ous/surgical revascularization for his extensive CAD and
PAD, he gave written informed consent for percutane-
ous intervention. After a gap of a week, he underwent
percutaneous intervention. Bilateral femoral arterial ac-
cess was achieved with a 7 I sheath. The left coronary
artery was cannulated with Judkins Left 3.5, 7 F guide
catheter, and a 0.014 inch All Track Wire (ATW) (Cordis
Corp., Miami, Florida) was inserted into the proximal
LAD lesion. After pre-dilation with a 2.5 X 15 mm
Sprinter balloon (Medtronic, Inc., Minneapolis, Minneso-
ta), a sirolimus-eluting Cypher 3 X 33 mm stent (Cordis)
was deployed. Then a 0.014 inch ATW wite (Cordis) was
inserted into the distal LCx lesion, which was pre-dilated
with 2.5 mm X 15 mm Sprinter balloon (Medtronic), and
a Cypher 2.75 mm X 28 mm stent (Cordis) was deployed
(Figure 1B). After coronary intervention, the left renal
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Figure 4 Abdominal aortogram. A: Bilateral common iliac artery stenosis; B: No residual stenosis following left renal and aorto-bilateral iliac artery stenting. A big inferior
mesenteric artery collateral “arch of Riolan” supplies the occluded superior mesenteric artery; C: At 30 mo follow-up, showing patent left renal and aorto-bilateral iliac stents.

Figure 5 Left superficial femoral artery angiogram. A: At 3 mo follow-up,
showing 90% discrete stenosis in the mid part; B: Following 7 mm x 60 mm
self-expanding stent deployment, there is no residual stenosis.

artery was cannulated with a 7 I renal gruide catheter
(Medtronid) and 2 7 mm X 15 mm Genesis'" balloon ex-
pandable stent (Cordis) was deployed across the ostium,
resulting in brisk flow (Figure 4B). Then, for aorto-iliac
intervention, a 0.018 inch Roadrunner floppy tip guide
wire (Cook, Bloomington, Indiana, United States) was
positioned across both iliac arteries, extending into the
aorta. An 8 mm X 80 mm SMART™ control Nitinol
self-expanding stent (Cordis) was directly deployed from
the infra-renal abdominal aorta to the right iliac artery. It
was post-dilated with an 8 mm X 60 mm OPTA"Pro Pe-
ripheral balloon (Cotdis). Then, another 8 mm X 80 mm
SMART™ control stent (Cordis) was deployed from the
infra-renal abdominal aorta to the left iliac artery. It was
post-dilated with a 5 X 20 mm and then an 8 X 60 mm
OPTA"Pro Peripheral balloon (Cordis). An abdominal
aortogarm showed brisk flow through the left renal
artery and aorto-iliac arteries with no residual stenosis
(Figure 4B). In total, 150 mL of iodixanol contrast agent
and 20.7 min of fluoroscopy time was used for all these
interventions. The patient had an uneventful recovery
and was discharged on day 4 after the intervention. The
pre-discharge serum creatinine was 1.9 mg/dL.

At 3-mo follow-up, the patient was admitted for left
SFA intervention. This time the claudication distance of
the left lower imb was 500 mm while there was no clau-
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Figure 6 Computed tomography. Image of the abdominal aorta at 9 mo
follow-up, showing 90% stenosis of the inferior mesenteric artery (IMA) ostium.
The totally occluded superior mesenteric artery at the ostium is filled retro-
gradely via the arch of Riolan from the IMA.

dication in the right lower limb. A 6 I sheath was placed
in the left femoral artery after a retrograde puncture. A
0.014 inch ATW wire (Cordis) was inserted into 90% of
the stenosed SFA lesion (Figure 5A), pre-dilated with a
3 X 30 mm coronary angioplasty balloon, and a 7 X 60
mm Zilver self-expanding stent (Cook) was deployed. It
was post-dilated with 2 6 X 20 mm OPTA"Pro periph-
eral balloon (Cordis); a brisk flow was achieved in the
SFA (Figure 5B).

At 9-mo follow-up, the patient was relatively asymp-
tomatic. Congestive heart failure had improved; echocar-
diography showed a left ventricular ejection fraction of
0.40. There was no claudication in the lower limbs, and
bilateral ABPI was 0.98. Glycemia was controlled with in-
sulin and oral hypoglycaemic agents. Serum urea and cre-
atinine wetre 52 and 1.6 mg/dL, respectively. Computed
tomography showed patent left renal, bilateral aorto-iliac
and left SFA stents. There was 90% osteal stenosis of the
IMA; a 100% occluded SMA at the ostium showed retro-
grade filling through an arch of Riolan, which received a
collateral from the IMA (Figure 6). There were no symp-
toms of chronic mesenteric ischemia despite underlying
SMA and IMA stenosis.

At 15-mo follow-up, the patient started having pain
in the upper abdomen 1.5-2 h following a meal and

February 26, 2012 | Volume 4 | Issue?2 |



lasting for about 1 h. This complaint was of 3 wk dura-
tion. There was no history of hematemesis or blood
in the stool. Abdominal pain did not improve despite
treatment with proton pump inhibitors and antacids.
Abdominal ultrasound did not show any free fluid or
dilated bowel loops suggestive of mesenteric infarction.
Upper gastrointestinal endoscopy was within normal
limits. In view of the typical postprandial abdominal
pain of underlying mesenteric artery disease, a diagnosis
of mesenteric ischemia was made. There was no cardiac
angina, worsening heart failure, claudication, significant
weight loss, hematemesis or occult blood in stool. His
urea, creatinine and fasting blood sugar were 50 mg/dL,
1.6 mg/dL and 144 mg/dL, respectively. He was sched-
uled for percutaneous mesenteric revascularization. A
6 F sheath was placed in the right femoral artery for
angiographic check of the stented coronary and periph-
eral arteries; a 7 I sheath was placed in the right brachial
artery for IMA intervention. To our surprise, coronary
angiography revealed 70% stenosis of the left main ar-
tery extending from the ostium to the bifurcation and to
the osteal LAD; the Lcx ostium was normal (Figure 1C).
Previously deployed stents in the proximal LAD and
distal LCx were patent. Left renal and bilateral aorto-
iliac stents were also patent. The IMA had 90% osteal
stenosis. The right renal artery showed non-progressed
50% osteal stenosis. In view of significant left main
coronary artery disease, informed written consent was
obtained for both left main coronary artery and IMA
stenting. In the same operation, the left coronary artery
was cannulated with a Judgkins Left 3.5, 6F coronary
guide catheter »/a the trans-femoral route. Both the LAD
and LCx had a 0.014 inch ATW wire (Cordis) inserted.
The left main coronary artery and osteal LAD were pre-
dilated with a 2.5 X 15 mm Sprinter balloon (Medtronic).
A 3.5 cm X 18 mm Cypher stent (Cordis) was deployed
from the ostium of the left main coronary artery to the
proximal LAD, crossing the LCx ostium. After stenting,
there was TIMI-3 flow in the left main coronary artery,
LAD and L.Cx; the L.LCx ostium was normal with no ste-
nosis (Figure 1D). Then, the IMA was cannulated with
a Judgkins Right 3.5, 7 IF coronary guide catheter »ia the
right brachial route. A 0.014 inch ATW wire (Cordis)
was inserted into the IMA lesion and a 7 mm X 18 mm
Genesis balloon-expandable stent (Cordis) was deployed
across the ostium of the IMA. Brisk flow was achieved
in the IMA (Figure 3B). During this intervention, the
fluoroscopy time was 24.5 min and 200 mL of iodixa-
nol contrast agent was used. After the procedure, the
creatinine at 72 h was 1.58 mg/dL. Repeat biochemistry
revealed total cholesterol of 142 mg/dL, HDL 35 mg/
dL, LDL 72 mg/dL and triglycerides 150 mg/dL; other
parameters included lipoprotein(a) 37.3 mg/dL, high-
sensitive c-reactive protein (hsCRP) 6.73 mg/L, homo-
cysteine 15.86 umol/L and HbAlc 10.10% The patient
had an uneventful recovery and was discharged on day 4
following the intervention. There were no further symp-
toms of post-prandial abdominal pain at follow-up.

At 30-mo follow-up, the patient was asymptomatic
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and underwent an angiogram for academic reasons. It re-
vealed a patent left main coronary artery, LAD and LCx
stents; and left renal artery (Figure 4C), bilateral aorto-
iliac (Figure 4C), IMA (Figure 4C) and left SFA stents.

During each session of angiography and/or intet-
vention, adequate hydration was maintained, N-acetyl
cysteine was given and the procedure was performed
with the minimum permitted amount of iodixanol con-
trast agent to avoid contrast-induced nephropathy. At
40-mo follow-up in July 2011, he was asymptomatic and
was on dual anti-platelet therapy, atorvastatin 40 mg,
ramipril 10 mg, B-blockers and insulin and diuretics. His
fasting blood sugar and creatinine were 110 mg/dL and
1.6 mg/dL, respectively.

DISCUSSION

Physicians frequently see patients with both CAD and
PAD in routine clinical practice. In a study of 28 649 pa-
tients of angiography-proven CAD, 9% of patients were
found to have associated PAD". On the other hand, in
an another study of 110 patients with abdominal aneu-
rysm, 71% of patients had associated CAD". Although
there has been a significant improvement in CAD-
associated morbidity and mortality following advanced
percutaneous therapeutic interventions in recent years,
concomitant PAD poses a therapeutic challenge. Coro-
nary intervention is associated with improved myocardial
function and survival, while peripheral interventions are
associated with different clinical outcomes, for example
in the carotid artery it is associated with reduced stroke
rate, in the renal artery with reduced need for renal re-
placement and blood pressure therapy, in the mesenteric
artery with decrease mesenteric ischemia, and in the ilio-
femoral and femoro-popliteal arteries with improved
functional status and reduced amputation rate”. Hence,
there has to be an integrated and comprehensive multi-
disciplinary approach for therapeutic intervention in pa-
tients with CAD and PAD. The index diabetic case, who
had renal, aorto-iliac, mesenteric and SFA stenosis, in
addition to triple vessel CAD, had undergone multi-vas-
cular interventions for improvement in cardiac function,
claudication, renal function, hypertension and symp-
tomatic mesenteric ischemia. He was a high-risk case for
percutaneous coronary intervention (PCI) or coronary
artery bypass graft (CABG), because of associated risk
factors such as triple vessel disease, diabetes, uremia,
congestive heart failure, left ventricular systolic dysfunc-
tion, and associated PAD™. The option of PCI instead
of CABG in this patient was more appropriate because
of low ejection fraction, impaired renal function and as-
sociated PAD. Multi-vessel coronary revascularization
with sirolimus drug-eluting stent as in the index case,
has shown comparable long-term mortality and major
adverse cardiac event rate with CABG in both normal
and severe left ventricular dysfunction patients®”. Ac-
celerated atherosclerosis and need for repeat revascular-
ization of left main coronary artery stenosis at 15 mo of
follow-up can be explained by diabetes mellitus, uncon-
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trolled glycemia (HbATc 10.10%)", and raised hsCRP".
hs-CRP is a marker of inflammation and is a strong
and independent predictor for future risk of myocardial
infarction, stroke, PAD and sudden cardiac death in
healthy population“o]. Amano ¢ al'" observed that post-
PCI patients with elevated CRP frequently undergo non-
culprit lesion revascularization at follow-up. Also, PAD
patients undergoing PCI have higher in-hospital major
cardiovascular complications and non-favorable long-
term outcomes' . Wildman e a/'" also demonstrated
that the CRP level is independently associated with PAD.
A high level of hs-CRP, i.e., 6.73 mg/L in the index case,
was associated with extensive atherosclerotic CAD and
PAD. More aggressive statin therapy in CAD patients
with high CRP levels is associated with a better clinical
outcome ', and therefore the index case was put on
atorvastatin 40 mg/d throughout his follow-up course.
The single stent technique as performed in the index
case for the left main coronary artery bifurcation lesion
has shown more favorable long-term clinical outcomes
in comparison with the two-stent technique'' .

Risk factors such as diabetes, raised creatinine of
>1.5 mg/dL, anemia, congestive heart failure and left
ventricular dysfunction, present in the index case, are
associated with contrast-induced nephropathy and ad-
verse clinical outcomes following contrast load"?. As per
the recommendation for contrast-induced nephropathy
prevention”"] we maintained adequate hydration by
adjusting diuretic therapy, used N-acetyl cysteine and io-
dixanol contrast agent. According to the American Col-
lege of Cardiology/American Heart Association (ACC/
AHA) recommendations, asymptomatic bilateral renal
artery stenosis (= 50% stenosis) as in the index case is
a class II'b indication for percutancous revasculariza-
tion”". Renal dysfunction with creatinine of 1.9 mg/dL
can be explained by diabetic nephropathy and bilateral
renal artery stenosis. Progression to total occlusion is
more common in renal arteries with more severe steno-
sis, which may result into worsening renal function and
the need for renal replacement therapy ™). In the index
case, we performed renal stenting in only the left kidney
which had 75% stenosis, but did not intervene in the
50% stenosed right renal artery. A stabilized/decreased
serum creatinine of 1.6 mg/dL at 40-mo follow-up can
be explained by percutaneous left renal intervention and
non-progression of right renal artery stenosis, though
these points can be debated.

Symptomatic chronic mesenteric ischemia usually
manifests when at least 2 of 3 mesenteric arteries, i.e.,
the celiac trunk, SMA and IMA, have proximal athero-
sclerotic stenosis”. A lack of clinical manifestation
involving only one vessel is because of extensive inter-
connected collateral formation, though there can be an
exception with the SMAP". The index case was initially
asymptomatic despite 100% occlusion of the SMA, be-
cause of good retrograde filling »ia the arch of Riolan,
which received collaterals from the IMA. There is no
randomized trial or clinical guideline for revasculariza-
tion in such a situation, when there is asymptomatic two-
vessel involvement™ . With progression of osteal ste-
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nosis of the IMA from 50% at baseline to 90% at 15-mo
follow-up, the patient became symptomatic with classical
postprandial abdominal pain of mesenteric ischemia, for
which he underwent successful endovascular mesentetic
revascularization. Endovascular treatment for chronic
mesenteric ischemia is considered to be a primary thera-
peutic strategy in most instances™. Silva ¢z a/*", in his
series of 59 patients with chronic mesenteric ischemia
treated with percutaneous intervention, had shown a
procedural success rate of 96% with no procedural mor-
tality and 80% 5-year symptom-free survival. Isolated
IMA revascularization is useful in relieving symptoms
and may improve mortality, when revascularization of
other visceral arteries is technically not feasible and
there is an extensive and intact collateral supply from
the IMA"". The index patient also improved follow-
ing partial mesenteric revascularization by performing
isolated IMA intervention, as there was a well formed
arch of Riolan supplying the SMA. No intervention in
the chronically occluded SMA was performed because
of the technical difﬁculty[zg], expected symptomatic im-
provement following isolated IMA intervention™, and
the risk of contrast-induced nephropathy in this high-
risk patient. Although surgical revascularization of the
isolated IMA has been reportedm, there is no published
report of isolated IMA stenting for chronic mesenteric
ischemia management, and the index case is first one in
the published literature. An interesting observation in
this case, which is again not reported, is an increase in
IMA diameter following SMA occlusion, for which we
could deploy a 7 mm diameter balloon-expandable stent.
According to ACC/AHA recommendations, symptom-
atic focal aorto-iliac and femoro-popliteal disease is a
class 1 indication for endovascular interventions”'. In
this case, we performed bifurcation kissing stenting of
the aorto-iliac lesion and focal stenting of the left SFA
lesion, and demonstrated their long-term patency. Vari-
ous authors have demonstrated about an 80% patency
rate at 60 mo of follow-up for aorto-iliac stenting™.
Patients with extensive atherosclerotic CAD and
PAD require a comprehensive multi-specialty approach

P The index case was treated by a

for management
team of cardiologists, and an expert opinion was sought
in between from various specialties such as nephrology,
gastroenterology, diabetes care and radiology.

In conclusion, we hereby report an unusual case of
extensive, atherosclerotic CAD and PAD with comorbid
illness, who received successful percutancous panvascular

revascularization and had a favorable long-term outcome.
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for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
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of their institution or national animal welfare committee. For the
sake of transparency in regatrd to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encout-
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that other registers become available you will be duly notified. A
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be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
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for loss or damage to photographs and illustrations sustained dur-
ing mailing,
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20100316161927.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
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To ensure the quality of the articles published in I]C, reviewers of
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structured abstracts (no less than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 & 3.86 15 3.61 £ 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/1949-8462/¢_info_20100312194155.htm.

Hllustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wijgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..; B: .5 Gy D Er s Fro Ge Ll It ds our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e¢#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05,"P < 0.01 should be noted (P> 0.05 should not be noted). If
there are other series of P values, “P < 0.05 and “P < 0.01 are used.
A third seties of P values can be expressed as °P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'F, °E, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ® o, m, 0O, A, /\, e, in a certain se-
quence.
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sions should be included. Authors are responsible for obtaining
wtitten permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!”. If references are cited directly
in the text, they should be put together within the text, for example,
“From references””*Y, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g;
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert ],
Kubale R, Feuerbach S, Jung F Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg.13.
6356]

Chinese journal article (list all authors and include the PMID where applicable)

2 Lin GZ, Wang X7, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
thoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
20006; In press

Organization as anthor

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal authors and an organization as anthor

(4 9

Goiehidenge  WJC | www.wignet.com

v

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01 ju.
0000067940.76090.73]

No author given

6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1520-4610.42.52.7 x|

Lssue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14  Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller |, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data
Write as mean £ SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test as
x’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,

February 26, 2012 | Volume 4 | Issue?2 |



blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 ng/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ez. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wignet.com/1949-8462/
g _info_20100312200347 htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations ate listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 1 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcwRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, EE coli, et.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8462/¢_info_20100312
192220.htm

Frontier: http://www.wjgnet.com/1949-8462/¢_info_20100312
192753.htm

Topic highlight: http://www.wjgnet.com/1949-8462/¢_info_2010
0312192932 htm

Obsetvation: http:/ /www.wignet.com/1949-8462/¢_info_20100312
193224.htm

Guidelines for basic research: http:/ /wwwwignet.com/1949-8462/
g info_20100312193436.htm

Guidelines for clinical practice: http://wwwwijgnet.com/1949-84
62/g_info_20100312193624.htm

Review: http://www.wjgnet.com/1949-8462/¢_info_20100312
193839.htm

Original articles: http://wwwwignet.com/1949-8462/¢_info_2010
0312194155.htm

Brief articles: http://wwwwijgnet.com/1949-8462/¢_info_201003
12194443 htm

Case report: http://wwwwjgnet.com/1949-8462/¢_info_20100312
194652.htm

Letters to the editor: http://www.wjgnet.com/1949-8462/¢_info_
20100312195004.htm

Book reviews: http://wwwwignet.com/1949-8462/¢_info_201003
12195306.htm

(49

Goiehidenge  WJC | www.wignet.com

Instructions to authors

Guidelines: http://www.wijgnet.com/1949-8462/g_info_20100312
195423 htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of W]C.
The revised version including manuscript and high-resolution image
figures (if any) should be re-submited online (http://www.wijgnet.
com/1949-84620ffice/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manusctipt
checklist to wjc@wignet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wignet.com/1949-8462/¢_info_20100312200118 htm.

Responses to reviewers

Please revise your atticle according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1949-8462/
g info_20100312195923.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

W]C will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http:/ /www.curekalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

IW]C is an international, peer-reviewed, Open-Access, online journal.
Articles published by this journal are distributed under the terms of
the Creative Commons Attribution Non-commercial License, which
permits use, distribution, and reproduction in any medium, provided
the original work is propetly cited, the use is non commercial and is
otherwise in compliance with the license. Authors of accepted ar-
ticles must pay a publication fee. The related standards are as follows.
Publication fee: 1300 USD per article. Editorial, topic highlights,
book reviews and letters to the editor are published free of charge.

February 26, 2012 | Volume 4 | Issue?2 |



	WJCv4i2Cover
	WJC-Editorial Board
	WJCv4i2Contents
	23
	31
	36
	48
	WJCv4i2-Acknowledgments
	WJCv4i2Meeting
	WJCv4i2Instructions to authors

