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tion. The role of reliable methods to determine cardiac
iron status is very important in order to give a timely
effective treatment. This review article provides a com-
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sessment methods as well as their existing controversy
Myocardial siderosis is known as the major cause of for use from both basic and clinical reports that have
death in thalassemia major (TM) patients since it can been proposed or used to directly or indirectly deter-
lead to iron overload cardiomyopathy. Although this mine the cardiac iron status in TM.
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and liver biopsy and myocardial biopsy, have been pro- org/10.4330/wjc.v5.i8.270

(4 9

3,,;2.‘,‘:,’.2.,,@ WJC | www.wjgnet.com 270 August 26, 2013 | Volume 5 | Issue 8 |



Koonrungsesomboon N et a/. Detection of cardiac involvement in thalassemia

INTRODUCTION

Thalassemia major (TM) is an inherited anemia caused
by impaired synthesis of the beta goblin chain. The
prevalence of thalassemia is high in the Mediterranean
countries, the Middle East, Central Asia, India, Southern
China and Thailand". Approximately 60000 TM infants
are reportedly born each year”. Due to severe hemolytic
anemia, TM patients need to habitually receive blood
transfusions beginning in infancy. Regular blood trans-
fusions, increased intestinal iron absorption as well as
the lack of active excretion of iron inevitably lead to an
excess accumulation of iron in the body of TM patients
including not only in the reticuloendothelial cells, but
also in the parenchymal tissues as well”. Excess free iron
participating in the Fenton-type reaction has been shown
to contribute to the pathogenesis of hemochromatosis'’.
Among many complications due to iron ovetload, myo-
cardial siderosis is the major cause of mortality in these
TM patients'”.

At present, although bone marrow transplantation
has been shown to effectively cure some selected pa-
tients, the cornerstone of treatment in TM is still with
blood transfusion and iron chelation therapy. The effec-

tiveness of iron chelation has markedly improved since
6]

the introduction of oral chelators, such as deferiprone
and deferasirox”, resulting in prolonged life expectancy
and increased quality of life in TM patients. Despite the
effectiveness of iron chelators, iron overload cardiomy-
opathy can be reversible only if early intensive chelation
has been initiated™. Once TM patients develop clinical
symptom such as heart failure or arrhythmia, the prog-
nosis usually becomes poor and death thereafter in spite
of intensive chelation. These findings indicate the im-
portance of eatly detection of cardiac iron accumulation
prior to the development of cardiac dysfunction, and that
the intensive chelation can be given promptly to those pa-
tients who are at risk. Currently, vatious methods for the
detection of cardiac involvement in iron overload condi-
tion have been reported both in animal models as well as
in clinical studies. Nevertheless, there are still limitations
of their use in TM patients due to controversial reports
on their reliability or limited access to the machine used
for the detection as well as their high cost. In this review
article, various methods that have been proposed or used
to directly or indirectly determine the cardiac iron status
in TM reported from basic and clinical studies are com-
prehensively summarized and presented. The existing
controversy regarding the assessment of cardiac involve-
ment in thalassemia is also discussed.

ASSESSMENT OF CARDIAC
INVOLVEMENT IN THALASSEMIA

Since clinical evaluation is unteliable to detect an eatly stage
of iron overload cardiomyopathy in TM patients, several ap-
proaches have been used to determine cardiac iron status in-
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stead. These include the indirect cardiac iron assessment such
as serum ferritin, echocardiogram, and electrocardiogram
(ECG) as well as the direct but invasive assessment such
as myocardial biopsy and liver biopsy. Since there has been
growing evidence in the past decades that cardiac magnetic
resonance imaging (MRI) as well as cardiac autonomic status
known as the heart rate variability (HRV) can provide eatly
detection of cardiac involvement in TM patients, these two
methods will also be presented and discussed.

Serum ferritin

Serum ferritin has been used for decades as a predic-
tor of iron overload status in clinical practice due to its
strong correlation with hepatic iron""
indirect index for estimating the total body iron stores.
It is inexpensive and accessible wotrldwide. Serum fer-
ritin has been shown to have a positive relationship with
the amount of blood transfusion in beta-thalassemia
patients“z]. Furthermore, it has been shown that a serum
ferritin level greater than 1800 ug/ L. was associated with

, representing an

the increased concentration of cardiac iron, and that se-
rum ferritin greater than 2500 pg/L was associated with
the increased prevalence of cardiac events'

The downturn of using serum ferritin as an assess-
ment of iron overload is due to the fact that the increased
level of serum ferritin is not specific to iron overload con-
dition since its level can also be increased in other condi-
tions such as inflammation, collagen diseases, hepatic
diseases, and malignancylw. Evidence indicated that an
increased serum ferritin levels might be a defense mecha-
nism of the body against oxidative stress' . Moreover, a
low serum ferritin level does not necessarily designate low
risk of iron-induced Cardiornyopathy[“’]. Several studies
in the last decade demonstrated that serum ferritin is not
suitable for its use as a predictive indicator of myocardial
iron deposition due to its lack of relationship with cardiac
iron""™. A recent study reported that many unexplained
cardiac deaths in TM patients were found even though
they had low serum ferritin levels'”, emphasizing the un-
reliable use of serum ferritin as a predictor for iron over-
load cardiomyopathy in TM patients.

Echocardiogram

Echocardiogram is a valuable tool for cardiac function
monitoring in clinical practice. However, several stud-
ies demonstrated that it is not sensitive enough for early
detection of the preclinical stage of cardiac involvement
in TM patients due to the typical late onset of symptoms
and signs™. Once cardiac dysfunction is detected by an
echocardiogram, the survival rate of these patients is re-
duced™ ™, suggesting a late stage detection of the disease
by this assessment. In addition, it has been shown that
the absence of a reduced left ventricular ejection fraction
(LVEF) does not exclude a significant risk of sudden
potential cardiac decompensation from iron overload™".
Since left ventricular function is often slightly higher
than normal in thalassemia patients in the absence of

August 26, 2013 | Volume 5 | Issue 8 |
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myocardial iron ovetload®™ the normal values of cardiac
function by echocardiogram may not be able to rule out
cardiac impairment by iron deposition in these patients.
Therefore, routine monitoring of cardiac function by
echocardiogram is not reliable in early detecting thalas-
semia patients with high risk of cardiac involvement in
order to provide timely intensive treatment.

Electrocardiogram

Since most of TM patients with early cardiac involve-
ment are asymptomatic, ECG has no value for screening
of cardiac involvement in this group of patients[zsl. Simi-
lar to echocardiogram, once the development of cardiac
arrhythmias, such as premature atrial or ventricular con-
tractions, first-degree atrioventricular block, atrial flutter,
atrial fibrillation, ventricular tachycardia, and second-de-
gree or complete heart block™™ is detected by ECG, it
usually implies an advanced stage of disease™ . Further-
more, a normal ECG does not exclude a risk of signifi-
cant arrhythmia development in iron overload patientsm].
In a retrospective analysis, which included 27 transfusion-
dependent thalassemia patients who underwent annual
24-h electrocardiographic monitoring, two patients devel-
oped significant clinical symptoms secondary to cardiac
arrhythmias within one year of follow—upm. This result
indicated that a 24-h electrocardiogram might be useful
for arrhythmia detection, but is not totally predictive for
life-threatening cardiac events. Therefore, both ECG and
conventional 24-h ECG monitoring are not appropriate
markers for early detection of cardiac involvement in
thalassemia patients.

Liver and myocardial biopsy

Liver biopsy is a direct determination of liver iron con-
centration closely reflecting total body iron storagemj.
However, a previous study demonstrated that hepatic
iron concentration correlates pootly with cardiac iron
status and cardiac function®. These findings indicated
that determination of iron level iz liver biopsy does not
reflect cardiac iron deposition. Moreover, this technique
is an invasive procedure that is not suitable for regular
monitoring of iron status in thalassemia patients.

A previous study has also shown that iron level detet-
mined by an invasive myocardial biopsy was not corre-
lated with cardiac iron status and cardiac function™. This
could be due to the fact that myocardial iron deposition
was inhomogeneous in the heart™. As a result, myocar-
dial biopsy is not recommended to be used as an indica-
tor for cardiac iron overload assessment.

Superconducting quantum interference device

Superconducting quantum interference device (SQUID)
biomagnetic liver susceptometry (BLS) has become a
standard method in monitoring iron in the liver™ ",
However, it has many limitations including its availability,
cost, technical demands, and suboptimal reproducibil-
ity™. Together with the lack of heart data, SQUID has

not been recommended for its use in the evaluation of
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cardiac iron status in patients with thalassemia.

Non-transferrin-bound iron

Non-transferrin-bound iron (NTBI), a free-form iron,
can be detected in plasma when the iron binding capacity
of transferrin is saturated””. This form of iron is able to
generate free radical »iz the Fenton-type reactions, leading
to peroxidative damage to membrane lipid and protein'™’,
The rate of NTBI uptake into cells is approximately
300-fold greater than that of transferrin-bound iron™"
due to its independence on the presence of transferrin
receptorm] and none of feedback-regulated processm].
Moreover, there is a positive correlation between the rate
of NTBI uptake and cellular iron content™. Further-
more, a recent study demonstrated a direct correlation
between N'TBI and vital organ damage in thalassemia
patients[45]. In a normal individual, there is no detectable
NTBI". on the other hand, hemochromatosis patients
exhibit higher NTBI levels than controls*”. The growing
evidence on NTBI suggests that it could be a good index
of iron overload in TM patients.

Despite these facts, currently there is neither a cut-
point threshold to imply cardiac iron overload status nor
even a universally accepted method for NTBI measure-
ment at the present time™, Importantly, a poor correla-
tion was found between the methods in a recent inter-
laboratory survey™. As a consequence, these limitations
minimize its use in clinical practice.

Cardiac magnetic resonance T2*
Cardiac magnetic resonance T2* (CMR T2*) has become
a widely used tool for its accurate and non-invasive tech-
nique to measure iron deposition in heart™. Currently,
this technique has been proven to be the most sensitive
index and reproducible to assess cardiac iron available
today™". Anderson ez a/'” first reported a significant
relationship between myocardial T2* below 20 ms and
cardiac function parameters, such as LVEF (» = 0.61, P
< 0.0001), left ventricular (LV) end-systolic volume index
(r=0.50, P < 0.0001), and LV mass index (r = 0.40, P <
0.001). A later study confirmed the correlation of myo-
cardial T2* with not only systolic function but also dia-
stolic function as well™. Moreover, an increase of myo-
cardial T2* was also in accordance with improved cardiac
function"”. Previous studies in a fresh postmortem iron
overloaded heart”™ and a gerbil model of iron overload™
clearly demonstrated a negative correlation between
CMR T2* values and myocardial iron deposition. It also
confirmed the earlier studies that iron loading was depos-
ited mostly in the epicardium and myocardium®”>*, Until
now, no clinical scenario other than cardiac iron ovetload
is found to cause myocardial T2* below 20 ms™. Thus,
these data implied that CMR T2* is more specific to cat-
diac iron status than other previously mentioned meth-
ods.

The prospective study by Kirk ez al* indicated the
significant strong association between cardiac T2* values
and risk of heart failure development in TM patients. It
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Table 1 Summary of the controversial correlation between cardiac magnetic resonance T2* and serum ferritin in thalassemia major

Population/size Type of study Findings Correlation Ref.

TM/ 652 patients Prospective Significant correlation between cardiac T2* and ferritin / Kirk et al™
(** =0.003, P = 0.04)

TM/ 776 patients Retrospective Significant relationship between cardiac R2* and ferritin / Marsella et al"™

(r=-0.359, P < 0.0001)

TM/167 patients Prospective Myocardial T2* was correlated with serum ferritin / Tanner et al™!
(r=-0.34, P < 0.001)

TM/19 patients, SCD/17 patients  Cross sectional Cardiac 1/T2* was correlated with ferritin level / Wood et al!
(=033, P=0.01)

TM/106 patients Prospective  No significant correlation between heart T2* and serum ferritin X Anderson et al™”

TM/ 60 patients Prospective Serum ferritin did not correlate with cardiac iron values X Merchant et al®™

TM/ 20 patients Prospective No correlation between serum ferritin and cardiac T2* X Kolnagou et al®™

TM/47 patients Retrospective Cardiac T2* was not associated with the serum ferritin X Bayraktaroglu et al™

TM: Thalassemia major; SCD: Sickle cell disease.

Table 2 Summary of the correlation between cardiac magnetic resonance T2* and cardiac function in thalassemia major

Population/size Type of study Findings Correlation Ref.
TM/776 patients ~ Retrospective  Significant correlation between LVEF and cardiac R2* (r = -0.327, P < 0.0001) / Marsella et al"™
TM/106 patients ~ Prospective  Significant correlation of myocardial T2* below 20 ms with LVEF (r = 0.61, P < / Anderson et al™
0.0001), LVESVi (r = 0.50, P < 0.0001), and LV mass index (r = 0.40, P < 0.001)
TM/167 patients ~ Prospective  Significant relationship between myocardial iron and LVEF (r = 0.57, P < 0.001) / Tanner et al™!
TM/67 patients ~ Cross sectional Myocardial T2* related to LV diastolic function (EPFR, r = -0.20, P = 0.19; APFR, / Westwood et al™
r=0.49, P <0.001; EPFR/ APFR ratio, r = -0.62, P < 0.001)
TM/33 patients ~ Cross sectional Good correlation of DT, Tei index and E/Em index with cardiac T2* values (P < / Barzin et al®
0.05, r = 0.70-0.81) and weak correlation of E/ A with T2* (P < 0.05, r = -0.44)
TM/47 patients Retrospective  Significant correlations of the myocardial T2* with LVESVi and LVEDVi (r = / Bayraktaroglu et al™
-0.32, P =0.027; r = -0.29, P = 0.046, respectively)
TM/19 patients, ~ Cross sectional Significant relationship between LVEF and myocardial T2* / Wood et al'™"
SCD/17 patients

TM: Thalassemia major; SCD: Sickle cell disease; LVEF: Left ventricular ejection fraction; LVESVi: Left ventricular end systolic volume index; LVEDVi: Left
ventricular end diastolic volume index; EPFR: Early peak filling rate; APFR: Atrial peak filling rate; DT: Deceleration time; E/Em: Early diastolic peak in-

flow velocity and early diastolic myocardial velocity ratio; E/ A: Early and late transmittal peak flow velocity ratio.

demonstrated that 98% of patients who developed heart
failure had the cardiac T2* less than 10 ms, with a rela-
tive risk (RR) of 160 (95%CI: 39-653). In the same study,
the RR for cardiac T2* less than 6 ms was 270 (95%CI:
64-1129). Moreover, T2* threshold of 10 ms for pre-
dicted heart failure had a sensitivity of 97.5% (95%CI:
91.3-99.7) and a specificity of 85.3% (95%CI: 83.3-87.2).
This study also demonstrated the significant relation-
ship between cardiac T2* values and a risk of cardiac
arrhythmia development in TM patients, but weaker than
a risk of heart failure. A cardiac T2* less than 20 ms was
figured in 83% of patients who develop arrhythmia, with
a RR of 4.60 (95%CI: 2.66-7.95). The RR for a cardiac
T2* less than 6 ms was 8.79 (95%CI: 4.03-19.2). The
T2* threshold of 20 ms for predicted cardiac arrhyth-
mia had a sensitivity of 82.7% (95%CI: 73.7-89.6) and a
specificity of 53.5% (95%CI: 50.8-56.2). In addition, this
prospective study clearly demonstrated the link between
myocardial T2* and cardiac events. The one year risk of
heart failure development was shown to be 14%, 30%,
and 50% for T2* between 8-10, 6-8 and less than 6 ms,
respectively. Therefore, myocardial T2* less than 10 ms
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strongly indicated clinically significant cardiac iron over-
load and an increase in risk of developing heart failure in
TM patients.

When compared with conventional iron monitoring
parameters, the correlation between CMR T2* and serum
ferritin in TM patients has not been concluded (Table 1).
Several studies indicated that serum ferritin was not cor-
related with cardiac T2#'*>"*, However, other studies
with larger population size showed a weak relationship
between serum ferritin and heart T2%” !, Because se-
rum ferritin is raised even in many common conditions
such as inflammation or hepatic disease"! the contro-
versial correlation could be from subjects with a different
underlying status included in each study. As a result, a
guideline for intensive chelation therapy based on serum
ferritin may be inappropriate for cardiological manage-
ment in TM patients.

A prospective study of Tanner ez al™, which recruited
167 TM patients, showed the significant association be-
tween heart T2* values and LVEF. Patients with mild,
moderate and severe cardiac iron ovetload (T2* 12-20, 8-12
and less than 8 ms, respectively) had impaired LVEF in
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Table 3 Comparison of various methods to evaluate cardiac iron overload in thalassemia patients

Method Advantages Disadvantages
Serum ferritin Easy and available Poor predictor of iron overload**"
Inexpensive Nonspecific for cardiac iron
Altered by many conditions""
Echocardiogram Easy and available Late indicator of cardiac involvement®"*!
Inexpensive
Liver biopsy Total body iron estimation™ Invasive
No correlation with myocardial iron deposition™
Myocardial biopsy Invasive
No correlation with cardiac iron status and function™
ECG Easy and available Ineffective screening parameter for cardiac iron overload®*"
Inexpensive
SQUID Standardized noninvasive index for liver iron™ Lack of availability, technical demands, and reproducibility
Costly
Application for the study of heart iron pending
NTBI Direct parameter of freeform iron resulting in Limited availability
peroxidative damage'” No generally accepted method", and poor correlation
between methods™”
CMR T2* Method of choice for the assessment of tissue iron deposition in Costly

last decade®

Noninvasive measurement of cardiac iron deposition’

Available

High sensitivity and reproducible®™

Correlation with clinical outcome’

[16,17,56,62,63]

[50]

ECG: Electrocardiogram; SQUID: Superconducting quantum interference device; NTBI: Non-transferrin-bound iron; CMR T2*: Cardiac magnetic resonance T2*.

5%, 20% and 62%, respectively (P < 0.001). Table 2 sum-
marized studies that showed the significant correlation
between CMR T2* and cardiac function in TM patients.
These studies suggest that myocardial T2* could be a
useful application to determine cardiac iron overload
tending to deteriorate cardiac function. As a result, CMR
T2* may be suitable for use as an assessment of cardiac
iron deposit in thalassemia patients for early detection
of the cardiac iron status before the detection of clinical
signs and symptoms of iron overload cardiomyopathy.

Since several studies showed a remarkably strong corre-
lation of heart T2* value with clinical cardiac complications,
including heart failure and arrhythmia, CMR T2* had been
applied to monitor cardiac iron deposition in TM patients
in UK, Interestingly, the mortality rate was significantly
reduced. Nowadays, CMR T2* is recognized as the method
of choice for evaluation of cardiac iron deposition in TM
patientsm. However, the limitation of this technique is
its rather expensive cost and only limited medical centers
around the world are equipped with this technique.

The pros and cons of different approaches that
monitor cardiac iron overload condition in thalassemia
patients are summarized in Table 3.

HRV IN THALASSEMIA MAJOR

HRYV is used to indicate the variation over time of the
period between successive heartbeats and determine
cardiac autonomic function and overall cardiac health®.
HRYV analysis has been used to determine the cardiac au-
tonomic function in patients with post-myocardial infarc-

tion ™. Reduced HRV parameters were associated with
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a significant increased mortality in these patientsm’ﬁql. A
prospective study indicated that HRV analysis on 1-year
post-myocardial infarction follow-up patients also had
prognostic significance™. Furthermore, HRV parameters
have been shown to a strong predictor of mortality in
patients with heart failure”"™, cardiac transplantation[73],
and diabetic neuropathym].

Due to its non-invasiveness and easy derivation, HRV
has been investigated as one of the promising parameters
to initially detect cardiac involvement and has been wide-
ly studied in thalassemia in the last decades. A number of
studies on HRV in TM patients have been reported since
Franzoni ef al™ first proposed that HRV was depressed
in TM patients. A summary of previous studies that ex-
hibited the significantly reduced HRV parameters in TM
patients and thalassemic mice is described in Table 4. All
of previous studies reported that HRV parameters were
reduced both in TM patients and thalassemic mice, indi-
cating that thalassemic condition exerted some degrees
of cardiac autonomic dysfunction. A recent study which
investigated autonomic function by six quantitative au-
tonomic function tests demonstrated that the prevalence
of subclinical autonomic function impairment was higher
in thalassemia patients compared to controls””. This re-
sult confirmed that thalassemia patients have autonomic
dysfunction in some degree. In prospective studies by
Kardelen ¢ o/ and De Chiara ¢t o/, no evidence of
abnormal echocardiographic finding was shown in TM
patients with reduced HRV. Therefore, a significantly
reduced HRV could be an early indicator of preclinical
stage of heart disease in TM group. Nevertheless, the evi-
dence of HRV in TM patients has not been extensively
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Table 4 Summary of heart rate variability findings from both clinical and basic studies in thalassemia

Population/size Type of study Findings References
34 TM patients and 20 healthy subjects Prospective  Significantly depressed both time and frequency domain ~ Rutjanaprom et al™
HRYV parameters in TM patients
32 TM patients and 46 control subjects Prospective  Significantly reduced all HRV parameters in TM patients Kardelen et al””!
19 TM patients and 19 healthy volunteers Cross sectional Significantly lower both time and frequency domain HRV Franzoni et al”™
parameters in the TM group
100 TM patients and 60 healthy controls Cross sectional Lower SDNN in TM with ectopia while markedly Oztarhan et al®™
increased LF/HF ratio in this group.
48 Thalassemia patients and 45 healthy subjects ~ Cross sectional ~ Significantly reduced time domain parameters in the Gurses et al'®
thalssemia group
9 TM patients and 9 healthy subjects Cross sectional = Significantly lower LF/HF ratio during tilt in TM patients Veglio et al™
than in control subjects
21 TM patients and 15 healthy subjects Cross sectional  Significantly lower in all HRV parameters in TM group Ma et al®™
than in control group
13 wildtype, 13 HbE/ B thalassemia and 13 muf+/ Cross sectional Depressed all HRV parameters in the heterozygous Incharoen et al*”
— mice Bglobin knockout mice (muf+/-)
810 wildtype and 810 heterozygous betaknockout  Prospective  Higher LF/HF ratio in thalassemic mice than those in the Kumfu et al®™
mice wild type
12 wildtype and 12 heterozygous betaknockout Prospective Depressed HRV in betathalassemic mice compared to Thephinlap et al™
mice wild type

TM: Thalassemia major; HRV: Heart rate variability; SDNN: Standard deviation of all NN intervals; LF: Low frequency power; HF: High frequency power.

Table 5 Summary of the correlation between HRV and serum ferritin in thalassemia major

Population/size Type of study Findings Correlation References

34 TM patients and Prospective No correlations between HRV parameters and serum ferritin X Rutjanaprom et al™
20 healthy subjects

19 TM patients and Cross sectional No correlation between HRV parameters and serum ferritin X Franzoni et al”
19 healthy volunteers

21 TM patients and Cross sectional No relationship of HRV parameters with serum ferritin X Ma et al™

15 healthy subjects

TM: Thalassemia major; HRV: Heart rate variability.

Table 6 Summary of the relationship between heart rate variability and cardiac function in thalassemia major

Population/size Type of study Findings Correlation References

34 TM patients and Prospective None of the echocardiographic parameters was correlated with HRV X Rutjanaprom et al™
20 healthy subjects

32 TM patients and Prospective Reduced HRV were described in TM despite no echocardiographic X Kardelen et al'””
46 control subjects abnormality

19 TM patients and Cross sectional No correlation between HRV parameters and echocardiographic X Franzoni et al”™
19 healthy volunteers parameters

20 TM patients Prospective Abnormal HRV in TM with no evidence of ventricular dysfunction X De Chiara et al””

TM: Thalassemia major; HRV: Heart rate variability.

investigated when compared to that in post-myocardial no correlation between HRV parameters and cardiac
infarction patients. Until now, none of studies has fo- function in TM patients has been shown (Table 6). It is
cused on the association between HRV and mortality in possible that HRV is not cortelated with iron overload
TM patients. condition because several anemic diseases other than

After the first report of HRV in TM patients by Fran- thalassemia, including sickle cell anemia™, iron deficiency
zoni ef al””, several studies have examined HRV in TM anemia™ vitamin B12 deficiency anemia”", could also
patients in order to seck the correlation between HRV impair cardiac autonomic function. Nevertheless, some
and currently used iron overload parameters. No cor- evidence demonstrated that autonomic status determined
relation between HRV parameters and serum ferritin in by HRV is correlated with iron overload condition. In
TM patients has been demonstrated (Table 5). Moreover, a study with thalassemic mice™™, it has been shown that
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those thalassemic mice had a higher Lfnu, lower Hfnu,
and higher Lf/Hf ratio than those in the wild-type mice.
Morte interestingly, iron administration in both types of
mice resulted in significantly higher NTBI levels concom-
itant with increased Lfnu and Lf/Hf ratio and decreased
Hfnu. Moreover, iron chelator significantly decreased the
Lfnu, Lf/Hf ratio, and increased the Hfnu in those iton
overload thalassemic mice. This prospective study sug-
gested that iron overload condition could contribute to
progressive deterioration of the impaired cardiac auto-
nomic function.

In conclusion, although CMR T2* is now recognized
as the method of choice in evaluation of iron deposition
in the heart”" evidence suggested that TM patients must
be prevented rather than treated even before cardiac
iron loading becomes detectable on CMR T2* because
of leading causes of cardiac tissue damage by other iron
mediated mechanisms, such as those induced by labile
plasma iron™, HRV might be used as an alternative ap-
proach to assess cardiac involvement in TM patients.
Due to its easy access and much lower cost compared to
CMR T2%*, 24-h Holter monitoring for HRV analysis can
be performed in most health providing centers. However,
more evidence is needed to validate its use before it can
be applied in clinical practice. Further studies are also
needed to demonstrate the correlation between HRV and
CMR T2* as well as the clinical application of HRV as a
predictive marker in TM patients.
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Abstract

AIM: To evaluate the effectiveness of two different
strategies using radiofrequency catheter ablation for
redo procedures after cryoablation of atrial fibrillation.

METHODS: Thirty patients (paroxysmal atrial fibril-
lation: 22 patients, persistent atrial fibrillation: 8 pa-
tients) had to undergo a redo procedure after initially
successful circumferential pulmonary vein (PV) isolation
with the cryoballoon technique (Arctic Front Balloon,
CryoCath Technologies/Medtronic). The redo ablation
procedures were performed using a segmental ap-
proach or a circumferential ablation strategy (CARTO;
Biosense Webster) depending on the intra-procedural
findings. After discharge, patients were scheduled for
repeated visits at the arrhythmia clinic. A 7-day Holter
monitoring was performed at 3, 12 and 24 mo after the
ablation procedure.

RESULTS: During the redo procedure, a mean number
of 2.9 re-conducting pulmonary veins (SD £ 1.0 PVs)
were detected (using a circular mapping catheter). In
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20 patients, a segmental approach was sufficient to
eliminate the residual pulmonary vein conduction be-
cause there were only a few recovered pulmonary vein
fibres. In the remaining 10 patients, a circumferential
ablation strategy was used because of a complete re-
covery of the PV-LA conduction. All recovered pulmo-
nary veins could be isolated successfully again. At 2-year
follow-up, 73.3% of all patients were free from an
arrhythmia recurrence (22/30). There were no major
complications.

CONCLUSION: In patients with an initial circumferen-
tial pulmonary vein isolation using the cryoballoon tech-
nique, a repeat ablation procedure can be performed
safely and effectively using radiofrequency catheter
ablation.

© 2013 Baishideng. All rights reserved.

Key words: Atrial fibrillation; Catheter ablation; Cryoab-
lation; Pulmonary veins; Supraventricular arrhythmias

Core tip: Cryoablation has been shown to be a safe
technique for pulmonary vein isolation. However, the
arrhythmia recurrence rate is high. Therefore, we have
summarized our initial experience with two different
strategies for redo procedures using radiofrequency
catheter ablation. Thirty patients had to undergo a redo
procedure after initially successful circumferential pul-
monary vein isolation with the cryoballoon technique.
The redo ablation procedures were performed using a
segmental approach or a circumferential ablation strat-
egy depending on the intra-procedural findings. All re-
covered pulmonary veins could be isolated successfully
again. At 2-year follow-up, 73.3% of all patients were
free from an arrhythmia recurrence.

Kettering K, Gramley F. Catheter ablation of atrial fibrillation:
Radiofrequency catheter ablation for redo procedures after cryo-
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INTRODUCTION

Catheter ablation has become the first line of therapy
in patients with symptomatic, recurrent, drug-refractory
atrial fibrillation (AF)"". Cryoablation has been shown
to be a safe and effective technique for pulmonary vein
(PV) isolation'", Although the acute success rates are
high there is a significant arrhythmia recurrence rate after
cryoablation during midterm follow-up™'?. According
to a recently published study, catheter ablation with the
cryoballoon technique resulted in maintenance of sinus
rhythm in 74% of patients with paroxysmal atrial fibril-
lation and in 42 % of patients with persistent atrial fibril-
lation [median follow-up: 12 (7-16) mo!>?! Recovery
of pulmonary vein conduction is one major reason for
recurrences of atrial fibrillation. This is a crucial issue
for cryoablation of AF because the cryoballoon is avail-
able with a rigid uniform design only (size: 23 or 28 mm;
CryoCath Technologies, Quebec, Canada/Medtronic,
Minneapolis, MN, United States). Taking into account
the high degree of variability of the pulmonary vein
anatomy it becomes clear that the contact between the
balloon catheter and the pulmonary vein ostium cannot
be equally good in all parts of the PV ostium. Therefore,
insufficient tissue contact of the cryoballoon seems to
be a key mechanism for recovery of initially successfully
isolated pulmonary veins and AF recurrences in these pa-
tients during follow—uplzz’%].

There are no established strategies for redo proce-

dures after pulmonary vein isolation with the cryoballoon
technique. From a theoretical point of view it seems to be
reasonable to use the cryoablation technique for the redo
procedure again because of its favourable lesion charac-
teristics*?. Such procedures can be performed either by
using the cryoballoon technique again or by using a stan-
dard cryoablation catheter (eg., Freezor Max; Medtronic).
The major concern with the cryoballoon technique for
redo procedures is that there might be insufficient tissue
contact in the same areas as during the initial procedure
again. This might be a risk factor for further arrhythmia
recurrences. Alternatively, repeat ablations can be pet-
formed with a segmental approach and a standard cryoab-
lation catheter (eg., Freezor Max; Medtronic), However, a
segmental approach using a cryoablation catheter is lim-
ited by the long duration of the cryoapplications required
for achieving permanent lesions and by the fact that the
position of the cryoablation catheter cannot be optimized
during energy delivery.

Because of these limitations radiofrequency catheter
ablation seems to be a promising approach. Therefore, the
aim of our study was to analyse the data on pulmonary
vein conduction recovery after pulmonary vein isolation
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with the cryoballoon technique and to evaluate two dif-
ferent strategies for redo procedures using radiofrequency
catheter ablation.

Depending on the extent of pulmonary vein conduc-
tion recovery we performed either a segmental pulmo-
nary vein re-isolation or an anatomically-based circum-
ferential pulmonary vein ablation in combination with a
potential-guided segmental approach using radiofrequen-
cy energy app]ication“‘)’zoj.

MATERIALS AND METHODS

Patient population

A total of 30 patients (21 men, 9 women; mean age 59.6
T 10.0 years) with a recurrence of symptomatic atrial fi-
brillation after pulmonary vein isolation with the cryobal-
loon technique were enrolled in this study. Table 1 sum-
marizes clinical characteristics of the patients enrolled
in our study. A repeat procedure was planned because
of recurrent episodes of paroxysmal atrial fibrillation
in 23 patients or persistent AF in 7 patients. The redo
procedures were performed at a mean interval of 12.5 *
9.3 mo) after the initial ablation procedure. Prior to the
initial ablation procedure paroxysmal AF had been pres-
ent in 22 patients and persistent AF had been present
in 8 patients. The initial ablation procedures had been
performed at our University Hospital Center (between
November 2007 and July 2009). The initial patient co-
hort consisted of 103 patients undergoing cryoablation
as the primary procedure. Thus, the overall arrhythmia
recurrence rate was 29.1% after the initial cryoablation
procedure. For the initial procedure a cryoballoon de-
vice had been used in all patients who had to undergo
a repeat ablation procedure (23 mm: O patients, 28 mm:
30 patients; CryoCath Technologies/Medtronic). In ad-
dition, a standard cryoablation catheter (Freezor Max 3;
Medtronic) had been used in 4 patients. During the initial
procedure a mean number of 11.6 + 4.9 cryoapplications
had been made using the cryoballoon device and a mean
number of 4.0 £ 2.0 cryoapplications had been made in
those patients in whom the standard cryoablation cath-
eter (Freezor Max; Medtronic) had been used. At the end
of the initial ablation procedure all pulmonary veins were
isolated successfully. There were no major complications
during or after the initial ablation procedure.

The repeat ablation procedures were performed at
our University Hospital Center between March 2008 and
November 2009. Inclusion criteria wetre (1) documented
episodes of recurrent atrial fibrillation (= 30 s) after an
initial ablation procedure with the cryoballoon technique
(taking into account a blanking period of 3 mo after the
initial ablation procedure); (2) severe symptoms despite
antiarrhythmic drug therapy (including beta-blockers) or
ptior attemps of electrical cardioversion; (3) ability and
willingness to give informed consent; and (4) age between
18 and 85 years. Patients were not accepted for catheter
ablation if one of the following conditions was present:
severe valvular heart disease or any other concomitant
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Table 1 Clinical data

Clinical data Group A Group B Total P value
Patients (men/women) 20 (13/7) 10 (8/2) 30 (21/9) 0.67
Age (yr, mean + SD) 60.0 £10.7 589+9.2 59.6 +10.0 0.81
Cardiac disease 0.84

None 8 6 14

CAD 8 1 4

DCM 2 1 3

Valvular heart disease’ 5 1 6

Other 2 1 3
Left ventricular ejection fraction mean (SD) 54.7% (12.0%) 53.8% (10.3%) 54.4% (11.2%) 0.86
Previous cardiac surgery 1 1 2 1.00
Current antiarrhythmic drug therapy prior to the initial ablation procedure 0.94

Class I c (e.g., Flecainide, Propafenone) B 2 5

Class III (e.g., Amiodarone, Sotalol) 6 1 7

Beta-Blocker in combination with a class I c or class Il antiarrhythmic drug 4/2 3/1 7/3

Beta-Blocker 2 1 3

Digitalis 1 1 2

Other 2 1 3
Current antiarrhythmic drug therapy prior to the repeat ablation procedure 0.57

Class Ic (e.g., Flecainide, Propafenone) 2 1 3

Class III (e.g., Amiodarone, Sotalol) 4 1 B

Beta-Blocker in combination with a class I c or class Il antiarrhythmic drug 4/2 2/1 6/3

Beta-Blocker 4 1 B

Digitalis 2 0 2

Other 2 4 6

'Not requiring surgery. CAD: Coronary artery disease; DCM: Dilated cardiomyopathy (left ventricular ejection fraction < 40 %).

cardiac disease requiring surgery, severely impaired left
ventricular function (left ventricular ejection fraction <
20%), left atrial diameter > 65 mm (parasternal long-axis
view), left atrial thrombus, hyperthyroidism, severe renal
insufficiency (cteatinine = 3 mg/dL) ot another severe
concomitant illness.

Cardiac imaging

A three-dimensional transesophageal echocardiography
(3-D TEE) was performed in all patients prior to the
ablation procedute (X7-2t, 7 MHz/IE 33; Philips Health-
care). The images were available throughout the ablation
procedure. The 3-D TEE reconstructions provided an
excellent overview over the individual left atrial morphol-
ogy thereby facilitating the ablation procedure.

Ablation procedure

AF ablation procedures were performed under conscious
sedation at our institution. For the electrophysiological
study, vascular access was obtained »iz both femoral veins
and the left femoral artery. A 2500-U IV bolus of hepa-
rin was given shortly thereafter. First, a 6-F decapolar
catheter (Bard, Electrophysiology Division, Lowell, MA,
United States) was positioned within the coronary sinus
(CS). Then, a single (or double) transseptal puncture was
performed under fluoroscopic guidance. Immediately
before the transseptal puncture, a 5-F catheter was placed
in the ascending aorta to mark this area and to enhance
the safety of the procedure. In some patients no trans-
septal puncture was necessary because of a patent fora-
men ovale or a residual defect of the atrial septum. Then,
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a pulmonary vein angiography was performed. After that,
all four pulmonary veins were reevaluated during sinus
rhythm and during CS pacing using a Lasso-catheter
(2515, 7F; Biosense Webster, Diamond Bar, CA, United
States). If atrial fibrillation was present at the beginning
of the ablation procedure an electrical cardioversion
was performed. The further strategy was based on the
findings documented by the circular mapping catheter:
if there were 1-3 pulmonary veins with recovered PV
conduction we decided to perform a re-isolation of
the recovered pulmonary veins using a segmental ap-
proach (group A). If there was reconnection of all four
pulmonary veins, an anatomically-based circumferential
pulmonary vein ablation in combination with a potential-
guided segmental approach was performed (group B)™.
In addition, we classified the degree of PV reconnection
as minor (PV spike visible on < 4 bipoles of the Lasso
catheter) or major (PV potential visible on = 5 bipoles
of the Lasso catheter).

Then, a standard irrigated-tip ablation catheter (7F;
D-type, 3.5-mm-tip; Biosense Webster, Diamond Bar,
CA, United States) or a CARTO-catheter (NAVI-STAR;
7F; D-type; 4-mm-tip; Biosense Webstet) was positioned
within the left atrium. After that, a second iv bolus of
heparin was administered. During the procedure, the acti-
vated clotting time (ACT) was determined at regular inter-
vals to ensure an adequate anticoagulation (ACT between
250 and 300 s).

Then, a segmental re-isolation of the pulmonary veins
was performed in the patients assigned to group A using
the above-mentioned irrigated-tip ablation catheter (43°;
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25-35 W). Pulmonary vein ablation was performed during
sinus thythm and pacing from the coronary sinus. Pacing
was performed from the distal CS during isolation of the
left pulmonary veins and from the proximal CS during
right PV ablation. If atrial fibrillation was present at the
beginning of the ablation procedure or recurred during
the procedure an electrical cardioversion was performed.
Successful pulmonary vein isolation was assumed if one
of the following criteria was met: complete disappearance
of the pulmonary vein potential or appearance of a dis-
sociated PV potential (citcumferential mapping catheter).

In group B, a circumferential pulmonary vein ablation
was performed in combination with a potential-guided
segmental approach in order to achieve complete pulmo-
nary vein isolation. Furthermore, a linear lesion was cre-
ated at the roof of the left atrium in some patients with
persistent atrial fibrillation. In addition, catheter ablation
of the mitral isthmus was performed in selected cases.

First, a circumferential pulmonary vein ablation was
performed targeting the both left-sided pulmonary veins
[43°; 30 W (posterior wall) - 35 W (anterior wall)]. In ad-
dition, a Lasso-catheter was placed in the left superior
or left inferior pulmonary vein. After completing the
circumferential ablation line around the left-sided PVs,
the left superior pulmonary vein and the left inferior pul-
monary vein were reevaluated using the circular mapping
catheter. If there was no complete PV isolation additional
RF energy applications [43°; (25) -30 W] were applied
using a segmental approach (during sinus rhythm/CS
pacing or recurrent AF). If the isolation of the left-sided
PVs was assumed to be complete the right-sided PVs
were targeted in the same way. Then, a linear lesion at
the LA roof was created in selected patients [43°; 30(-35)
W]. In a few patients an additional mitral isthmus abla-
tion was performed (if there was evidence for left atrial
isthmus-dependent flutter [43°; 35(-40) W].

If atrial fibrillation was still present thereafter, an elec-
trical cardioversion was performed. Then, all four pul-
monary veins were reevaluated during sinus rhythm using
the circumferential mapping catheter.

If necessary additional RF applications were per-
formed using a segmental approach to achieve complete
isolation of all four pulmonary veins. Then, the linear
lesions at the LA roof were reevaluated during sinus
rhythm. The ablation catheter was navigated back along
the entire lesion to assess the presence of low-amplitude
electrograms and the presence of double potentials or
fractionated electrograms. If sharp high-amplitude elec-
trograms were noted, additional RF applications were
delivered at these sites in order to achieve a complete abla-
tion line.

In addition, the linear lesions to the mitral annulus
were reevaluated (anterior mitral isthmus line). The pres-
ence of bidirectional mitral isthmus conduction block
was assumed if the following criteria were met: (1) pres-
ence of an unidirectional conduction block documented
by activation mapping during pacing from the distal bi-
pole of the CS catheter (placed far within the coronary
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sinus) or the left atrial appendage; (2) documentation of
a similar conduction time during pacing from the an-
teroseptal mitral annulus (viz the ablation catheter) »s the
distal coronary sinus or the left atrial appendage; and (3)
a conduction time > 150 ms in both directions.

In all patients (group A/B), a standard stomach tube
(Flocare Nutrisoft M; Nurtica Healthcare, Chatel-St.De-
nis, Switzerland) or a special EP catheter (7 F; Osypka,
Rheinfelden-Herten, Germany) had been introduced
via a nasogastric route immediately before the ablation
procedure in order to mark the esophagus. RF energy
applications were avoided if there was a close anatomical
relationship to the esophagus (or the power output was
reduced as described previously"™).

Finally, the completeness of the pulmonary vein isola-
tion and of all linear lesions was reassessed after a wait-
ing period of at least 20 min. Repeat selective pulmonary
vein angiographies were performed of all targeted PVs.
In addition, catheter ablation of the right atrial isthmus
was performed in patients with inducible or clinically
documented episodes of typical atrial flutter. The com-
pleteness of the right atrial isthmus lines was confirmed
by differential pacing manoeuvres in all cases.

For the ablation procedure, a Bard EP system (Lab-
System Pro, EP Recording System; Bard, Electrophysiol-
ogy Division, Lowell, MA) and a Stockert RF generator
(EP-shuttle; Stockert, Freiburg, Germany) were used.
High-resolution x-ray imaging was provided by a Philips
device (Philips Medical Systems, Best, The Netherlands).

Follow-up

After hospital discharge, patients were seen regularly on
an outpatient basis. One month after the procedure, a
physical examination, a resting electrocardiogram (ECG)
and a transthoracic echocardiogram were performed. The
patients were questioned whether there was any evidence
for an arrhythmia recurrence. In addition, a long-term
ECG recording (24-h) was performed.

Three months after the ablation procedure, the pa-
tients were re-examined in the same way except for the
fact that a 7-d Holter monitoring was performed and
that each patient underwent a repeat three-dimensional
transesophageal echocardiography to rule out a pulmo-
nary vein stenosis. Then, the patients were seen at 3-mo
intervals if asymptomatic. If there was an arrhythmia re-
currence or other problems occurred, the further follow-
up and future strategy (e.g., electrical cardioversion, repeat
ablation procedure) were planned on an individual basis.

Twelve months and 24 mo after the ablation proce-
dure another 7-d Holter monitoring was performed. A
blanking period of 3 mo was employed after ablation
when evaluating the follow-up results. In addition, all pa-
tients were given a questionnaire 24 mo after the ablation
procedure. The aim of this questionnaire was to evaluate
the clinical status of the patients and to reveal whether
there was any evidence for arrhythmia recurrences not
detected by the long-term ECG recordings™”.

Oral anticoagulation was continued for at least 3 mo
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after the procedure in all patients. During the first three
mo after catheter ablation the patients received the same
antiarrhythmic medication as prior to the ablation proce-
dure. If there was no evidence for an arrhythmia recur-
rence all antiarrhythmic drugs were discontinued there-
after except for beta-blockers. The beta-blocker therapy
was continued thereafter in order to reduce the risk of
arrhythmia recurrences during long-term follow-up and
to achieve an adequate rate control if such arrhythmia
recurrences occurred.

Statistical analysis

All parameters with a normal distribution are given as
mean (+ 1 SD). All other parameters are presented as
median and 25"/75" percentiles. y* tests, ~tests, and
Fischet's exact test were used to compare nominal, con-
tinuous, and dichotomous characteristics of the two
study groups at baseline as well as during follow-up.
Significance was accepted if the P value was < 0.05. The
statistical package of JMP (Version 3.2.6, SAS Institute,
Cary, NC, United States) was used for data analysis.

RESULTS

Thirty patients were enrolled in this study between March
2008 and November 2009. All of them had to undergo
a repeat ablation procedure because of a recurrence of
symptomatic atrial fibrillation after pulmonary vein isola-
tion with the cryoballoon technique. Prior to the redo
procedure, 23 patients suffered from recurrent episodes
of paroxysmal atrial fibrillation and 7 patients suffered
from persistent AE. The repeat ablation procedure could
be petformed as planned in all patients.

Procedural results

Evaluation of the pulmonary veins: During the re-
peat procedure, a mean number of 2.9 + 1.0 PVs with
recovered PV conduction were detected (using a circular
mapping catheter). In all patients at least one pulmonary
vein with recovered PV conduction was observed. In
4 patients, there was only one pulmonary vein with re-
covered PV conduction. There were 6 patients with two
reconnected veins and 10 patients with three reconnected
pulmonary veins. In 10 patients, all four pulmonary veins
showed recovered PV conduction. Seven out of 10 pa-
tients with four reconnected pulmonary veins suffered
from persistent AF.

Minor PV reconnection (PV spike visible on 4 < bi-
poles of the Lasso catheter) was present in 77 out of 86
reconnected veins (89.5%). Major PV reconnection (PV
spike visible on > 4 bipoles of the Lasso catheter) was
found in 9 out of 86 reconnected PVs (10.5%).

Ablation strategy

After evaluating the pulmonary veins the further ablation
strategy was planned based on the intraprocedural find-
ings. In 20 patients (with 1-3 reconnected PVs) re-isola-
tion of the recovered pulmonary veins was performed
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using a segmental approach (group A). In 10 patients, all
four pulmonary veins showed recovered PV conduction.
In these patients, an anatomically-based circumferential
pulmonary vein ablation in combination with a potential-
guided segmental approach was performed (group B). In
3 out of 10 patients in group B, an additional linear le-
sion was created at the LA roof. In 2 patients in group B,
catheter ablation of the mitral isthmus was performed. In
addition, catheter ablation of the right atrial isthmus was
performed in 5 patients in group A and in 2 patients in
group B (P = 1.0).

The ablation procedure could be performed as
planned in all patients. The mean procedure time was
156 £ 41 min; group A: 147 = 32 min; group B: 175 + 58
min; P = 0.07. This included all preparations and a wait-
ing period (20 min) at the end of the procedure for a final
reevaluation of the completeness of the pulmonary vein
isolation/linear lesions. The mean fluoroscopy dosage was
2520 £ 2055 cGycm?; group A: 2556 + 2178 cGycm?;
group B: 2450 £ 1810 cGycm?; P = 0.87.

The segmental approach could be performed success-
fully in all patients in group A. A mean number of 2.3 £
0.8 PVs were re-isolated per patient. At the end of the
procedure the complete isolation of all four pulmonary
veins could be documented in all patients using a circum-
ferential mapping catheter.

In group B, an anatomically-based circumferential
pulmonary vein ablation in combination with a potential-
guided segmental approach was performed successfully in
all patients. In this group, all four pulmonary veins could
be re-isolated successfully in all patients (documented us-
ing a circular mapping catheter).

There were no major complications (e.g., cardiac tam-
ponade, transient ischemic attacks (TIAs) or stroke, sig-
nificant pulmonary vein stenosis (= 70%), periprocedural
death) during the procedure in both groups. A transseptal
puncture had to be performed in 17 out of 30 patients.
In the other patients no transseptal puncture was neces-
sary because of a patent foramen ovale (7 patients) or a
residual defect of the atrial septum (6 patients).

Clinical outcome

The mean follow-up was 1004 = 751 d in group A and
821 £ 435 d in group B (P = 0.53). The mean overall
follow-up was 940 £ 653 d. Six months after the redo
procedure, 85.0% of the patients in group A (17/20) and
80.0% of the patients in group B (8/10) were free from
an arrhythmia recurrence [P = 1.0; in total: 25/30 patients
(83.3%)]. Twelve month after the repeat ablation proce-
dure, 80.0% of all patients in group A (16/20) were still
free from an arrhythmia recurrence compared to 70.0%
of patients in group B (7/10; P = 0.66). Thus, the overall
success rate was 76.7% at 1-year follow-up (no arrhyth-
mia recurrence in 23 out of 30 patients). Two years after
the redo procedure, the overall success rate was 73.3% (no
arrhythmia recurrence in 22 out of 30 patients). Fifteen
out of twenty patients in group A (75.0%) and 7 out of
10 patients in group B (70.0%) were still free from an ar-
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rhythmia recurrence (P = 1.0).

According to the analysis of the questionnaire, 24/30
patients (80.0%) were completely asymptomatic at 24-mo
follow-up. There were no major complications during or
after the ablation procedures (including a follow-up dura-
tion of 24 mo). Minor complications were observed in 2
patients (pulmonary vein stenosis < 70%: 2 patients).

Analysing the clinical course of the patients who ex-
perienced an arrhythmia recurrence during follow-up, 7-d
Holter monitoring revealed paroxysmal atrial fibrillation
in 5 patients and persistent atrial fibrillation in 3 patients.
No modification of the antiarrhythmic medication and
no repeat ablation procedure was required in 2 patients
with an arrhythmia recurrence because they were almost
asymptomatic. In 2 patients with a symptomatic arrhyth-
mia recurrence symptoms could be controlled by modify-
ing the antiarrhythmic drug therapy. Four patients with
symptomatic arrhythmia recurrences had to undergo a
third ablation procedure.

DISCUSSION

Catheter ablation has become an important therapeutic
option for patients with highly symptomatic and drug-
refractory atrial fibrillation. Cryoablation is a safe and ef-

fective technique for pulmonary vein isolation"!, which
is the cornerstone of catheter ablation in patients with
paroxysmal or persistent atrial fibrillation. However, there
is a significant arrhythmia recurrence rate after cryoabla-
tion during midterm follow-up. Catheter ablation with
the cryoballoon technique was reported to result in main-
tenance of sinus rhythm in 74% of patients with parox-
ysmal AF and in only 42% of patients with persistent AF
during a median follow-up of 12 (7-16) mo™. Therefore,
strategies for redo procedures are of major importance.
However, there are no established strategies for redo pro-
cedures after PV isolation with the cryoballoon technique
so far. Currently applied strategies for redo procedures
are repeat ablation procedures with the cryoballoon
technique and a segmental approach using a standard
cryoablation catheter. Repeat ablation procedures with
the cryoballoon technique are limited by the fact that the
rigid design of the cryoballoon might result in insuffi-
cient tissue contact in the same areas during both proce-
dures (thereby triggering further arrhythmia recurrences).
Repeat ablation procedures with a standard cryoablation
catheter and a segmental approach are mainly limited by
the long duration of (repeated) cryoapplications required
for creating permanent lesions.

Therefore, we have evaluated two different strate-
gies for redo procedures using radiofrequency catheter
ablation. These ablation strategies included either a mere
segmental pulmonary vein re-isolation or alternatively an
anatomically-based circumferential PV ablation in com-
bination with a potential-guided segmental approachm’zo].
The decision about the ablation strategy was based on
the extent of pulmonary vein conduction recovery (doc-
umented using a circular mapping catheter at the begin-
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ning of the redo procedure).

Main results

During the redo procedures, a mean number of 2.9 re-
conducting PVs (SD * 1.0 PVs) were detected. In 20
patients, 1-3 re-conducting PVs were detected. There
were only 10 patients in whom all four pulmonary veins
showed recovered PV conduction. Minor PV recon-
nection (PV spike visible on 4 < bipoles of the Lasso
catheter) was present in 77 out of 86 reconnected veins
(89.5%). Major PV reconnection (PV spike visible on >
4 bipoles of the Lasso catheter) was found in 9 out of 86
reconnected PVs (10.5%).

In 20 patients (with 1-3 reconnected PVs) re-isolation
of the recovered pulmonary veins was performed using
a segmental approach (group A). An anatomically-based
circumferential pulmonary vein ablation in combination
with a potential-guided segmental approach was per-
formed in 10 patients, because recovered PV conduction
of all four pulmonary veins was detected in these patients
(group B).

Two years after the repeat ablation procedure, 75.0%
of all patients in group A (15/20) were still free from an
arrhythmia recurrence compared to 70.0% of patients
in group B (7/10; P = 1.0). The overall success rate was
73.3% at 2-year follow-up. There were no major compli-
cations during or after the ablation procedures in both
groups.

The results of our study demonstrate that a repeat
ablation procedure after initial PV isolation using the
cryoballoon technique can be performed safely and ef-
fectively using radiofrequency catheter ablation. In most
cases only a few re-conducting PV fibres were found and
therefore, a segmental re-ablation approach seems to be
sufficient in the majority of patients.

There are two major advantages of radiofrequency
catheter ablation over cryoablation for redo procedures
after pulmonary vein isolation with the cryoballoon tech-
nique. First, due to the high degree of variability of the
PV anatomy the contact between the cryoballoon catheter
and the pulmonary veins cannot be equally good among
all parts of the PV ostium. This limitation can be over-
come during the redo procedure in most cases because
the majority of areas with insufficient tissue contact dut-
ing the initial procedure with the cryoballon technique can
be easily reached with a standard RF ablation catheter.

Second, the use of radiofrequency energy delivery af-
ter prior cryoablation might result in a very stable lesion
formation. Although there are no larger studies analysing
the histological characteristics in this setting this effect
might have contributed to the favourable results of our
study. Nevertheless, further studies are necessary to eval-
uate the histological changes after repeated cryoablation
in comparison to lesions created using RF ablation for
redo procedures after cryoablation.

Limitations
This is a single centre study and, therefore, it is of mod-
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erate size. However, follow-up was meticulous including
repeat three-dimensional transesophageal echocardiog-
raphy 3 mo after the procedure to rule out a pulmonary
vein stenosis. Furthermore, a 7-d Holter monitoring was
performed twelve months and twenty-four months after
the ablation procedure. The follow-up duration is longer
than in many other studies and all patients underwent the
final evaluation 2 years after the redo ablation procedure.
Therefore, this study provides very reliable information
about the long-term outcome of this patient cohort.

Obviously, the extent of pulmonary vein conduction
recovery after cryoablation should be evaluated in a larger
patient cohort in a future study. A large randomized study
is needed to compare the effectiveness of different strat-
egies for redo procedures after initial pulmonary vein iso-
lation with the cryoballoon technique (i.e., repeat ablation
with the cryoballoon technique or a segmental approach
using a standard cryoablation catheter, a segmental pul-
monary vein re-isolation using a standard irrigated-tip RF
ablation catheter and a circumferential ablation strategy
using radiofrequency catheter ablation).

In conclusion, a repeat ablation procedure after
initial pulmonary vein isolation using the cryoballoon
technique can be performed safely and effectively using
radiofrequency catheter ablation. In most cases only a
few re-conducting PV fibres were found and therefore, a
segmental re-ablation approach seems to be sufficient in
the majority of patients. Alternatively, a circumferential
approach can be performed using RF catheter ablation
in patients with complete recovery of all four pulmonary
veins. Obviously, the results of this study have to be con-
firmed in a larger randomized trial.

COMMENTS

Background

Catheter ablation has become the first line of therapy in patients with symptom-
atic, recurrent, drug-refractory atrial fibrillation. Cryoablation has been shown to
be a safe and effective technique for pulmonary vein isolation.

Research frontiers

However, the arrhythmia recurrence rate is high after cryoablation procedures
and there are no established strategies for redo procedures in these patients.
It is a matter of discussion whether cryoablation should be used for the redo
procedures in these patients again or whether radiofrequency catheter ablation
might be advantageous.

Innovations and breakthroughs

We have summarized our initial experience with two different strategies for redo
procedures after cryoablation of atrial fibrillation using radiofrequency catheter
ablation. The redo ablation procedures were performed using a segmental ap-
proach or a circumferential ablation strategy depending on the intra-procedural
findings (1-3 versus 4 reconnected pulmonary veins). In 20 patients, a segmen-
tal approach was sufficient to eliminate the residual pulmonary vein conduc-
tion because there were only a few recovered pulmonary vein fibres. In the
remaining 10 patients, a circumferential ablation strategy was used because of
a complete recovery of the PV-LA conduction. At 2-year follow-up, 73.3 % of all
patients were free from an arrhythmia recurrence. The results demonstrate that
a repeat ablation procedure after initial circumferential pulmonary vein isolation
using the cryoballoon technique can be performed safely and effectively using
radiofrequncy catheter ablation.

Applications

The results suggest that radiofrequency catheter ablation is a good therapeutic
option for the treatment of recurrences of atrial fibrillation after circumferential
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pulmonary vein isolation using the cryoballoon technique.

Terminology

Catheter ablation: interventional technique for the treatment of cardiac arrhyth-
mias. Atrial fibrillation: disorganized atrial arrhythmia which is mostly induced by
ectopic beats originating from the pulmonary veins.

Peer review

Well written, interesting review experience of the authors about the challenges
and difficulties of redo-atrial fibrillation ablation.
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Abstract
AIM: To describe current profile of patients with cardio-

(4 9
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vascular disease (CVD) and assessing changes through
last decade.

METHODS: Comparison of patients with established
CVD from two similar cross-sectional registries per-
formed in 1999 (7 = 6194) and 2009 (7 = 4639). The
types of CVD were coronary heart disease (CHD), heart
failure (HF) and atrial fibrillation (AF). Patients were col-
lected from outpatient clinics. Investigators were 80%
cardiologist and 20% primary care practitioners. Clinical
antecedents, major diagnosis, blood test results and
medical treatments were collected from all patients.

RESULTS: An increase in all risk factors, except for
smoking, was observed; a 54.4% relative increase in
BP control was noted. CHD was the most prevalent
CVD but HF and AF increased significantly, 41.5% and
33.7%, respectively. A significant reduction in serum
lipid levels was observed. The use of statins increased
by 141.1% as did all cardiovascular treatments. More-
over, the use of angiotensin-renin system inhibitors
in patients with HF, beta-blockers in CHD patients or
oral anticoagulants in AF patients increased by 83.0%,
80.3% and 156.0%, respectively (P < 0.01).

CONCLUSION: The prevalence of all cardiovascular risk
factors has increased in patients with CVD through last de-
cade. HF and AF have experienced the largest increases.

© 2013 Baishideng. All rights reserved.

Key words: Cardiovascular disease; Trends; Heart fail-
ure; Coronary heart disease; Atrial fibrillation

Core tip: Reduction in acute phase of cardiovascular
disease (CVD) has lead to a progressive increase in
patients with chronic CVD that are considered high-
risk patients and mostly attended in outpatient clinics.
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The prevalence of all cardiovascular risk factors has
increased in patients with CVD through last decade.
Heart failure and atrial fibrillation have experienced the
largest increases.

Cordero A, Bertomeu-Martinez V, Mazon P, Facila L, Cosin J, Ber-
tomeu-Gonzalez V, Rodriguez M, Andrés E, Galve E, Lekuona
I, Gonzalez-Juanatey JR. Patients with cardiac disease: Changes
observed through last decade in out-patient clinics. World J
Cardiol 2013; 5(8): 288-294 Available from: URL: http://www.
wjgnet.com/1949-8462/full/v5/i8/288.htm DOI: http://dx.doi.
org/10.4330/wjc.v5.18.288

INTRODUCTION

Cardiovascular disease (CVD) remains as the leading
cause of mortality in the world despite the progressive
decrease in last decades and this has been largely due to
risk factors control and improvements of acute phases
managementll’“. This positive results has lead to a large
increase in the prevalence of patients with chronic CVD
in the population{s’()] that are high-risk patients and benefit
from the highest risk factors control™ as well as treatment
implementation®”, Moreover, the progressive ageing of
the population and patients has contributed to increase
the complexity of patients, with higher comorbidities and

polivascular disease that have higher risk of future car-
[8,9]

diovascular events

Coronary heart disease (CHD) and heart failure (HF)
represent more than half of the mortality attributed to
CVD what highlights they relevancy in public health™.
Several registries have depicted the changing profile of
patients with CHD™"""™ or other types of CVD™ but
there scare evidence concerning the changing prevalence
of CVD in outpatient clinics. With the objective of de-
scribing current profile of patients with CVD and assess-
ing changes through last decade we compared two clinical
registries performed in Spain in 1999 and 2009.

MATERIALS AND METHODS

Study design
The CARDIOTENS 2009 registry is a cross-sectional,
multicentre and nationwide study of patients with risk
factors or cardiovascular disease'”, with similar method-
ology of CARDIOTENS registry performed in 1999
both studies were promoted the Working Group of
Hypertension of the Spanish Society of Cardiology and
endorsed by the Agencia de Investigacién de la Soceidad
Espafiola de Cardiologia (Research Agency of the Span-
ish Society of Cardiology). From the 32051 subjects
include in the 1999 registry 6194 (19.3%) had established
CVD and were compared to the 4639 (18.2% of the
25850) patients with established CVD collected in 2009.
As defined in the 1999 registry established CVD was
defined as: (1) CHD if antecedents of angina, myocardial
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infarction, coronary revascularization or positive stress
test were present; (2) HF if patients had at least one
hospitalization with such as main diagnosis at discharge
medical report as well as those with typical signs and
symptoms of HF that had a compatible imagine diagno-
sis (X-ray or echocardiogram); and (3) atrial fibrillation
(AF) if the diagnosis was present in a medical report
or any electrocardiographic registry. A brief analysis of
guideline-recommended treatments was performed based
on the use of beta-blockers in patients with CHD, angio-
tensin converter-enzyme inhibitors (ACEI) or angioten-
sin receptor blockers (ARB) in patients with HE, and oral
anticoagulants in AF patients.

Investigators were randomly selected from primary
care (88%) and cardiology outpatient clinics (12%).
During the first week of November 2009 investigators
included all consecutive patients that they attended; if pa-
tients had no risk factors ot cardiovascular disease, only
age. In patients with any risk factor or established cardio-
vascular disease a more extended protocol was performed
in which all risk factors, clinical antecedents, treatments,
physical examination and Inclusion criteria were: age =
18 years, capability to access to full medical antecedents
related to cardiovascular risk factors or events and allow-
ance to participate by singing the informed consent. Ex-
clusion criteria were addiction or consumption of illegal
substances (cocaine, cannabis ot other) or denial of the
informed the consent. The study protocol and informed
consent was approved by the ethics committee of the
Hospital Universitario de San Juan (Alicante, Spain) and
the Agencia of Investigacién of the Spanish Society of
Cardiology.

A specific collection data report in paper was de-
signed for the study; a modification had to be added once
printed and approved by the ethic committee due to an
error in the codification of diuretics treatment. Elec-
trocardiogram and biochemical determinations had to
be obtained in within the last 6 mo. Blood pressure was
measured after ten minutes of resting in the inclusion
visit and two determinations were collected. Heart rate
had to be measured during the physical examination.

Variables definition

Hypertension was defined according to the 2007 Eu-
ropean Society of Hypertension-European Society of
Cardiology guidelines if 2 determinations of blood pres-
sure were = 140/90 mmHg or specific treatments with
previous diagnosis were presentm. Dyslipidemia was
collected if any antecedent of such diagnosis or values
of total cholesterol > 220 mg/dL or low-density lipopro-
teins > 160 mg/dL had been registered previously. The
diagnosis of diabetes mellitus was accepted if it had been
previously diagnosis in a medical report, specific drug-
treatment or 2 consecutive glucose determinations were >
126 mg/dL. Obesity was considered for those with body
mass index > 30 kg/ m” and abdominal obesity if waist
circumference was > 102 cm in men or > 88 cm in wom-
en. Chronic obstructive pulmonary disease was registered
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Figure 1 Trends in cardiovascular disease preva-
lence between 1999 and 2009 in both CARDIO-
TENS registries. AF: Atrial fibrillation; CHD: Coronary
heart disease; HF: Heart failure. Data presented as
percentage (99%Cl).

17.6 (17.5-17.7)

2009

Valvular disease

P =0.30

if specific treatments were present or previous diagnosis
was present. Glomerular filtration rate was assessed by
the Modification of Diet in Renal Disease equation: (186
X creatinine”* x age")‘m) (% 0.742 in women).
Statistical analysis

Data management was made with statistical package
SPSS 15.0 (SPSS Inc, Chicago, IL, United States) and
10.0/SE (Stata Corp, College Station, Tex). All variables
had normal distribution so are presented as mean (stan-
dard deviation), except triglycerides that are presented
as median (intercuartilic range); mean comparisons were
made with ANOVA test and non-parametric ;(2. Percent-
ages were compared by #Student and non-parametric
Kolmogorov-Smirnov test were used for comparison
of means and medians respectively. Comparisons of
percentages between the 2 registries were performed by
#Student contrast using the analysis of variance of the
estimated percentages of each registry. Statistical signifi-
cance was accepted for P < 0.05.

RESULTS

As presented in Table 1, patients of the 2009 registry had
higher mean age, as well as higher prevalence of all risk

factors except for current-smoking; the most significant
raise was noted in patients aged > 70 or > 80 years. A
significant reduction in mean systolic and diastolic BP
was observed that lead to a 54.4% relative increase in
blood pressure control. CHD was the most prevalent
from of established CVD and its prevalence remained
similar in both registries, as well as valvular heart disease
that were the least prevalent CVD; a significant increase
in the prevalence of HF (41.5% relative increase) and AF
(33.7% relative increase) was observed (Figure 1).

We also observed a significant reduction in serum
lipid levels although the prevalence of dyslipidemia in-
creased between both registries (Table 2); in concordance,

K

TR
Raishideng®

WJC | www.wjgnet.com

290

a large relative increase in the use of statins, as well as all
cardiovascular treatments was observed between both
registries, except nitrates (Table 3). Moreover, the use
of guideline-recommended treatments, such as ACEI
or ARB in patients with HE, beta-blockers in the setting
of CHD or oral anticoagulants in patients with AF, in-
creased 83.0%, 80.3% and 156.0% (Figure 2).

DISCUSSION

The comparison of two large clinical registries per-
formed with similar design and methodology allowed the
description of risk factors and CVD prevalence evolu-
tion through last decade in Spain. Hypertension was the
most prevalent risk factor in 1999 and was present in
almost all patients with CVD 10 year later. Moreover, a
relevant relative improvement in blood pressure control

and guidelines-recommended treatments was observed,
despite a slight reduction in mean systolic and diastolic
blood pressure values. The prevalence of risk factors,
mean age and medical treatments of patients included
in 2009 was similar to contemporary registrieswzz] what
reflects that this population might be representative of
clinical relative.

Our results highlight that hypertension is present al-
most all patients with established CVD and is prevalence
experienced a relative increase of 32% through last dec-
ade. This overwhelming rise can be explained by several
facts; first, blood pressute is usually reported to be one
the risk factors with poorest control what leads to a high
prevalence of hypertension in patients with incident
CVD"™?); second, the antecedent of hypertension does
not impair the prognosis in the acute setting of CVD
what leads to a increasing percentage of patients with
hypertension and established CVD"*; third, subjects
with hypertension have benefit from a significantly higher
decrease in cardiovascular mortality through last dec-
ades”; and fourth, population has experienced a relevant
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OAC in AF
P <0.01

Table 1 Comparative characteristics of the patients included

in each registry

Figure 2 Changes in use of guideline-

100 recommended treatments in each compelling
indication between 1999 and 2009 in both CAR-
DIOTENS registries. ACEI: Angiotensin-converter
75 57.7 (56.8-58.6) 64.0 (62.9-65.1) enzyme inhibitors; AF: Atrial fibrillation; ARB:
Angiotensin-receptor blockers; CHD: Coronary
heart disease; HF: Heart failure; OAC: Oral antico-
agulation. Data presented as percentage (99%Cl).
< 50
25
2009
0

1999

e 3 Maedical treatments in each registry

1999 2009 P vaule

1999 2009 P vaule Antiplatelets 420% (41.6-424)  76.8% (75.2-784)  <0.01
Number 6194 4639 Diuretics 32.0% (31.8-32.2)  4.4% (4.39-441) <0.01
Age (yr) 66.7 +10.8 70.6 £11.3 <0.01 ACEI 30.2% (30.0-30.4) 43.6% (43.1-44.1) <0.01
Age >70 yr 451% (44.7-45.5) 56.9% (56.0-57.8) < 0.01 Statins 27.0% (26.9-27.1)  65.1% (63.9-66.3) < 0.01
Age >80 yr 13.0% (12.9-13.1) 18.6% (18.5-18.7) <0.01 CCB 27.8% (27.6-28.0) 36.7% (36.3-37.1)  <0.01
Males 54% (53.4-54.6) 57.2% (56.3-58.1) < 0.01 Nitrates 25.0% (24.9-25.1)  26.3% (26.1-26.5) 0.06
BMI > 30 mg/m’ 30% (29.8-30.2) 31.9% (31.6-32.2) 0.02 Beta-blockers 222% (22.1-22.3)  44.6% (44.1-451) <0.01
Hypertension 65% (64.1-65.9) 85.8% (83.8-87.8) < 0.01 Oral anticoagulants ~ 17.5% (17.4-17.6) ~ 27.0% (26.8-27.2) < 0.01
Diabetes 21% (20.9-21.1) 38.2% (37.8-38.6) < 0.01 ARB 11.1% (11.0-11.1)  38.6% (38.2-39.0) < 0.01
Dyslipidemia 40% (39.7-40.3) 59.2% (58.2-60.2) < 0.01 Insulin 5.1% (5.09-5.10) 13.7% (13.6-13.8) < 0.01
Current smokers 20% (19.9-20.1) 12.1% (12.0-12.2) < 0.01 Oral antidiabetics 10.0% (9.9-10.1)  43.7% (43.2-44.2) <0.01
Left ventricle 24.0% (23.9-24.1) 30.9% (30.6-31.2) <0.01
hyperfrophy Data collected from CARDIOTENS registries, Spain. Data presented as
S}fstoh(,: BP (mmHg) 1382 %152 136.6 +16.0 <0.01 percentages (99%CI). ACEI: Angiotensin converter-enzyme inhibitors;
Diastolic BP (mmHg) ~ 79.1£109 786115 <ool ARB: Angiotensin receptor blockers; CCB: Calcium channel blockers.
BP <140/90 mmHg  36.0% (35.7-36.3) 55.6% (54.8-56.4) < 0.01

patients with hypertension and CVD but, also, a clinical
perspective of its evolution through last decade.

Data collected from CARDIOTENS registries, Spain. Data are presented
as mean * SD or percentage (99%CI). BMIL: Body mass index; BP: Blood

pressure. CHD remained as the most prevalent forms of
established CVD but experienced no relative change

w N ] ] through last decade; nevertheless, the presence of HF

Table 2 Lipid profile of patients included in each registry and AF increased largely; the study protocol on the 1999

registry did not other forms of CVD, such as stroke or

1999 2009 P vaule peripheral arterial disease, and we could not obtain data

Total cholesterol (mg/dL) ~ 2183 193 (458) <001 of these two relevant clinical entities". HF and AF have

?DDIF((mg//;IS) 1:;2 1?3'5 g);’gg <8'gi been clearly related to age and hypertension and have
mg, : J . <0. .. .

Triglycerides (mg/dL) .y 1451 (705) 0.0 been reported to rise in the overall population steeply

through last decades*. Blood pressure control has
been outlined as major target for prevention of HE®!
and AF™ especially by the use of ACEI or ARBP" and
target organ damage prevention. In contrast, mean age
increased in the comparison between both registries and
the prevalence of octogenarians reached almost 20%.
The evidence of BP control and the optimal objective in
elderly patients has been less studied"; only the Hyper-
tension in the Very Elderly Trial™ study was specifically
designed to assess the benefit of BP control and target
BP was < 150/80 mmHg. The study demonstrated both

Data collected from CARDIOTENS registries, Spain. HDL: High-density
lipoproteins; LDL: low-density lipoproteins.

increase in clinical features in the population that are
closely related to high-blood pressure, as advanced age[lé],
obesity[%] or diabetes”” predispose to a increasing pattern
in hypertension prevalence. Our registry included stable
patients with CVD and strongly supports these four key-
points and provides not only a reasonable profile of
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significant improvement in cardiovascular events and
mortality in patients actively treated with a diuretic and
an ACEI These results added to net benefit of ACEI or
ARB in patients with established CVD might explain the
large increase in the use of these treatments observed in
our results.

Our results show at least two positive messages: the
increase in blood pressure control and the improvement
in medical treatments. All guideline-recommended treat-
ments experienced significant increases, being the use of
statins, ACEI and ARB the most prominent. The use of
statins has spread to majority of patients with established
CVD, especially in the patients with CHD""'**
use in patients with HF is much lower because its clinical
benefit in absence of underlying CHD is not clear. None-
theless, our results highlighted a very relevant increase in
the use of ACEI or ARB in patients with HF that agrees
with previous reports of other registries{zz’zg]. The use of
beta-blockers in patients with CHD also increased but
only reached 57%, a very similar percentage of registries
that included chronic and stable patients[()’”’lg]. The in-
crease in the oral anticoagulants in patients with AF was

and its

remarkable and treatment rate in our registry was similar
to the last report of the European Heart Survey™.

Our study has several limitations that deserve consid-
eration, mainly derived from its design; for being a cross-
sectional study it can only describe clinical associations
and causal effects. Motreover, it only included consecu-
tive patients that were attended in outpatient clinics and,
therefore, our results are not representative of overall
population. The study protocol did not include stroke or
peripheral disease as established CVD and, therefore, we
can not provide actualized data on these two relevant dis-
cases. Finally, there was an error in the typing of diuretics
and, therefore, data collection concerning this medication
was not accurate.

In conclusion, the prevalence of all cardiovascular
risk factors has increased in patients with established
CVD, except smoking, Hypertension is most prevalent
risk factors in these patients and a significant improve-
ment in BP control has been achieved although it is still
far from optimal goals. A relevant improvement in guide-
line-recommended treatments could be demonstrated, as
well as major cardiovascular treatments, being the use of
statins the most remarkable. We describe a positive trend
in blood pressure control and guidelines-recommended
treatments but there are still opportunities for further im-
provement.

COMMENTS

Background

Reduction in acute phase of cardiovascular disease (CVD) has lead to a pro-
gressive increase in patients with chronic CVD that are considered high-risk
patients and mostly attended in outpatient clinics.

Research frontiers

Risk factors control and medical treatment has been usually reported as lower
in high-risk patients. Many registries have reported relevant increases in blood
pressure or cholesterol control, although the changing pattern in clinical profile
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and risk factors control of patients with established cardiovascular disease has
been far less studied.

Innovations and breakthroughs

The prevalence of heart failure and atrial fibrillation has increased significantly
through the last decade, meanwhile coronary heart disease remained as the
most prevalent. Similarly, authors have noted an increase in mean age, espe-
cially in the percentage of elderly patients, and all risk factors but smoking. Risk
factors control has increases as well as guidelines-recommended medical treat-
ments.

Applications

Out patients clinics should be prepared, focused and organized to attended
more patients with heart failure or atrial fibrillation that have very specific con-
siderations, such as weight-gain, symptoms control, medication use, anticoagu-
lants complications.

Terminology

Coronary heart disease: patients with the antecedent of myocardial infarction,
angina, acute coronary syndromes or any kind of coronary revascularization.
Peer review

This is a good descriptive study in which authors analyze changes in clinical
profile and medical treatments of patients with cardiovascular disease. The
results are interesting and highlight the increasing trend in the prevalence of
heart failure and atrial fibrillation, two clinical entities that deserve very specific
considerations in out-patient clinics.
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Abstract

AIM: To establish percentile curves explore prevalence
and correlates of central obesity among Yemeni chil-
dren in a population based cross-sectional study.

METHODS: A representative sample of 3114 Yemeni
children (1564 boys, 1550 girls) aged 6-19 years par-
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ticipating in the HYpertension and Diabetes in Yemen
study was studied. Data collection was conducted at
home by survey teams composed of two investigators
of both genders. Study questionnaire included ques-
tions about demographics, lifestyle, and medical history.
Anthropometric measurements included body weight,
height, waist circumference (WC) and hip circumfer-
ences. Waist to hip ratio (WHR) and waist-to-height
ratio (WHtR) were then calculated. Age- and gender-
specific percentiles (reference curves) of WC, WHR and
WHtR were obtained with the laser mass spectroscopy
method. The independent predictors of central obesity
defined as (1) WC percentile = 90™; (2) WHtR = 0.5;
or (3) WC percentile = 90" and WHtR = 0.5, were
identified at multivariate logistic regression analysis
adjusted for age, gender, urban/rural location, years of
school education, sedentary/active life-style.

RESULTS: Percentile curves for WC, WHR and WHtR
are presented. Average WC increased with age for both
genders. Boys had a higher WC than girls until early
adolescence and thereafter girls had higher values than
boys. WHR decreased both in boys and girls until early
adolescence. Thereafter while in boys it plateaued in
girls it continued to decrease. Mean WHtR decreased
until early adolescence with no gender related differ-
ences and thereafter increased more in girls than in
boys towards adult age. Prevalence of central obesity
largely varied according to the definition used which
was 10.9% for WC = 90" percentile, 18.3% for WHtR
= 0.5, and 8.6% when fulfilling both criteria. At adjust-
ed logistic regression WC = 90" percentiles and WHtR
= 0.5 were less prevalent in rural than in urban areas
(OR = 0.52, 95%CI: 0.41-0.67 and 0.66, 0.54-0.79 re-
spectively), being more prevalent in children with sed-
entary lifestyle rather than an active one (1.52, 95%(CI:
1.17-1.98 and 1.42, 95%CI: 1.14-1.75, respectively).

CONCLUSION: Yemeni children central obesity indices

August 26, 2013 | Volume 5 | Issue 8 |



percentile curves are presented. Central obesity preva-
lence varied according to the definition used and was
more prevalent in urban sedentary subjects.

© 2013 Baishideng. All rights reserved.
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Core tip: This study presents the first central obesity
percentile curves of waist circumference (WC), waist-
to-height ratio (WHtR) and waist to hip ratio (WHR) for
Yemeni children aged six to nineteen years. WC, WHtR
and WHR changed similarly in girls and boys until early
adolescence. Thereafter, differently from what observed
in Western countries, changes increased more in girls
than in boys. Prevalence of central obesity in Yemeni
children is low, being associated with urbanization and
sedentary lifestyle, and varied according to the defini-
tion used: (1) WC percentile = 90" (10.9%); (2) WHtR
= 0.5 (18.3%); (3) WC percentile = 90" and WHtR =
0.5 (8.6%).

Bamoshmoosh M, Massetti L, Aklan H, Al-Karewany M, Al
Goshae H, Modesti PA. Central obesity in Yemeni children:
A population based cross-sectional study. World J Cardiol
2013; 5(8): 295-304 Available from: URL: http://www.wjg-
net.com/1949-8462/full/v5/i8/295.htm DOI: http://dx.doi.
org/10.4330/wjc.v5.i8.295

INTRODUCTION

Childhood obesity is a matter of growing concern not

only in developed but also in developing countries'. In
the Middle Eastern Crescent (MEC) rates of adolescent
overweight and obesity, assessed by the use of body
mass index (BMI), are among the highest in the world".
The same world area is also characterized by a high
prevalence of childhood central obesity as assessed by
measuring waist circumference (WC)™Y, WC was consist-
ently reported as a more sensitive indicator than BMI of
metabolic abnormalities”, and insulin resistance”, also at
young ages.

Measurements of BMI or WC in children have to
be expressed in relation to their sex and age peers, and
age and gender specific reference values are required for
the diagnosis. Differently from WC, waist to hip ratio
(WHR) and BMI a recently proposed index, waist-to-
height ratio (WHtR), is only weakly associated with age,
and gender'™. Different studies are suggesting a single
cut-off value for defining central obesity (WHtR = 0.5)",
However, ethnicity and environmental differences might
influence body proportions, and it was suggested to use
national references to control for variations between
populations”

Considerable variation in the prevalence of risk fac-
tors was reported among different MEC countries'”
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and few information is available in the pediatric popula-
tion. According to a single study performed in Lahore
(Pakistan), 16% of children aged 5-12 years had WHtR
above the cut off value of 0.5 HYpertension and Dia-
betes in Yemen (HYDY) study was thus also designed to
provide age- and gender-specific WC, WHR and WHtR
smoothed percentiles, and to explore prevalence and cot-
relates of central obesity, among Yemeni children and
adolescents aged six to nineteen years.

MATERIALS AND METHODS

Study sites and study population

Target population of the study was the population of
the country aged 6-19 years. A representative sample of
3114 Yemeni children (1564 boys, 1550 girls) aged 6 to 19
years (median age 13.5 years) participating in the HYDY
survey was studied"”. The survey used a multi-stage strat-
ified sampling method to select households as the setting
for data collection'”. Briefly in the first stage, Yemen was
stratified into three areas, the capital area, the inland, and
the coastal area. The governorate of Sana’a (capital area),
the governorate of Taizz (inland), and the governorates
of Al Hudaydah and Hadramaut (coast) were selected
to be representative of the geographic, economic, and
climatic characteristics of the three areas. The number of
subjects in each area was estimated using the preliminary
data provided by the United Nations Population Fund
that is the same source used to stratify Yemen population
by age and genderm. In the second stage, rural and city
regions were identified from each study area. In the third
stage, districts were arbitrarily identified within each ur-
ban and rural region, boundaries being defined using lo-
cal maps or in consultation with the local health workers.
Households were selected because in developing coun-
tries not all children in the age groups of interest may
have access to school. The survey was completed within
16 mo. The response rate for subjects aged 6-19 years
was 96% in urban and 97% in rural locations. The study
was approved by the Ethical Committee of the Univer-
sity of Science and Technology, Sana’a, Yemen. Informed
consent was obtained from participants and their parents
before data collection. The procedures followed were in
accordance with the ethical standards of the responsible
committee on human experimentation and with the Hel-
sinki Declaration of 1964, as revised in 2004.

Data collection

Data collection was conducted at home by centrally
trained survey teams composed of two investigators of
both genders. Children were evaluated between February
2008 and May 2009. Study questionnaire included ques-
tions about demographics, lifestyle, and medical history.
Anthropometric measurements were taken on standing
participants wearing light clothing and without shoes us-
ing standard techniquesm]. In the HYDY survey we used
a pre-calibrated digital Laica PS6010 scale with a 150 kg
capacity (accuracy 100 g) which was frequently checked
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Table 1 Descriptive statistics by age group of the 3114 study participants are reported

Age (yr) n Weight Height (cm) BMI (kg/m?) WC WHtR HC WHR
Boys

6 47 174 %35 104.7 + 8.4 16.0 £ 3.6 48.6£65 047+0.06 553+9.1 0.88 + 0.08
7 90 18.8+35 109.9 + 8.8 15.7+28 50.8+57 047+0.07 572%6.6 0.89 + 0.07
8 99 21.3+45 114.7 £ 94 164 +3.8 522+71 046+0.07 596%76 0.88 + 0.08
9 101 243+74 120.5 +10.6 168 + 4.6 55.6+85 046+0.08 638+89 0.87 + 0.07
10 132 268+6.6 1269 +£10 169+ 4.1 56.3+75 045+0.06 646%9.1 0.88 + 0.09
11 102 267 +48 1293 +79 16.0+28 57.0+7.0 044+0.05 652%75 0.88 + 0.07
12 157 299+71 133.6 + 8.4 16.7 £ 3.5 571+84 043+0.06 67390 0.85 + 0.07
13 116 347 +82 1415+99 172+ 34 614+82 043+005 71.7£9.1 0.86 + 0.07
14 158 39.2+85 1481 +£9.7 17.8+29 626+81 042+005 733+85 0.86 + 0.07
15 112 432+11.7 150.3 +12.8 189+ 4.0 66.8+95 045+006 772%102 0.87£0.08
16 100 473 +89 1552+ 9.6 19.7 £ 3.9 679+92 044006 799%93 0.85 +0.10
17 119 50.1+93 160.1 +10.6 19.7 £ 3.9 681+94 043+006 803%9.7 0.85 + 0.08
18 133 514+92 160.0 +11.1 20.1+3.2 679+87 043+005 803%9.1 0.85 +0.10
19 98 53.8+11.3 161.3 +£11.2 20.7 £ 4.0 70.3+11.9 044 +007 828*122 0.85%0.08

Sample sizes, mean + SD for weight, height, body mass index (BMI), waist circumference (WC), waist-to-height ratio
(WHLIR), hip circumference (HC), and waist to hip ratio (WHR) for Yemeni boys 6-19 years of age (n = 3114).

by a known-weighing object. The CV for inter- and intra-
observer effects for most anthropometric measures was
< 5%. Height was measured to the nearest 0.5 cm using
a stadiometer. WC was measured with a non-elastic tape
positioned at a point midway between the lower border
of the rib cage and the top of the iliac crest, and hip
citcumference (HC) was measured at the widest part of
the hip at the level of the greater trochanter. WC and
HC were measured to the nearest 0.5 cm and WHR and
WHIR were then calculated.

BMI was computed as the weight in kilograms divid-
ed by the squate of the height in meters. Central obesity
was evaluated by analyzing WHtR = 0.5, WC = 90" pet-
centile and the combination of both WHtR = 0.5 and
WC = 90" percentile. Overweight and obesity were also
defined as having a BMI above the age and sex-specific
thresholds of the international obesity task force JOTF)
respectively the equivalent of BMI > 25 kg /m’ and the
equivalent of BMI > 30 kg/m”",

Statistical analysis

Description and validation of the database can be found
elsewhere!'”. Data were preliminary checked for outliers
using a cut-off of £ 5 SD of the corresponding age and
sex Z-scores' . Smoothed age (by year) and gender-spe-
cific percentiles (3“, 5, 10", 25, 50%, 75", 90", 95, and
97" for WC, WHR and WHtR were then constructed
by means of the Box-Cox normal or laser mass spectros-
copy (LMS) method of centiles estimation"™"”.,

The LMS method summarizes the growth reference
curve with three curves representing the median (M),
the coefficient of variation (S) and the power to remove
skewness from the data (L) by age and was implemented
in the Generalized Additive Model for Location, Scale
and Shape (GAMLSS) package included in R 2.14.0 soft-
ware for Windows. In LMS method, GAMLSS param-
eters and the parameters of Box-Cox power exponential
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distribution were used for model fitting to data. These
reference curves were fitted on the original data and the
best fit was used to construct smoothed percentile curves.
After the application of the BoxCox power transforma-
tion the data at each age were normally distributed and
the points on each centile curve were defined in terms of
the formula: M = (1+LS g)“ " whete L, M, and S ate val-
ues of the fitted curves at each age, and z indicates the z
score for the required centile.

WC, WHR, and WHtR differences between genders
were tested within age groups using Mann-Whitney
U-test. Data are expressed as crude values. Comparisons
were performed by using logistic regression with adjust-
ment for confounding variables including age (years),
gender, years of school education, urban/rural residency
and sedentary/active lifestyle. Results are expressed as ad-
justed odd ratio (OR) with 95% confidence interval (CI).
Test of hypothesis was done at significance level 0.05 two
sided. SPSS software, version 19.0 (SPSS Inc., Chicago.,
IL, United States) was used for statistical compatisons.

RESULTS

Descriptive statistics for weight, height, BMI, WC,
WHtR, HC, and WHR by age group of the 3114 study
participants are reported in Table 1. Age and gender
specific WC, WHR and WHtR smoothed percentiles are
presented in Tables 2-4 respectively. Mean BMI increased
with age in both genders. However, girls aged 11 years
ot more had BMI values higher than boys (19.8 kg/ m’,
95%CI: 19.6-20.0 and 18.4 kg/m’, 95%CI: 18.2-18.7 for
girls and boys respectively). Overall 13.9% of participants
(females 15.8%; 95%CI: 14.0-17.6; males 12.1%; 95%CI:
10.5 to 13.7) were overweight according to the IOTF
criteria, 5.0% being obese (females 5.7%; 95%CI: 4.6-6.9;
males 4.2%; 95%CI: 3.2-5.2).

WC increased with age among both boys and girls

August 26, 2013 | Volume 5 | Issue 8 |
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Table 2 Age, and gender specific smoothed waist circumference percentiles for Yemeni children and adolescents aged 6 to 19 years

Age (yr) n 31 5 10" 25" 50" 75" 90" 95 97"

Boys
6 47 36.60% 38.50% 41.30% 45.40% 48.90% 52.50% 57.20% 60.70% 63.30%
7 90 37.60% 39.70% 42.60% 46.80% 50.40% 54.10% 58.90% 62.50% 65.20%
8 99 38.80% 40.90% 43.90% 48.20% 52.00% 55.80% 60.80% 64.50% 67.30%
9 101 40.00% 42.20% 45.30% 49.80% 53.60% 57.60% 62.70% 66.50% 69.40%
10 132 41.20% 43.40% 46.60% 51.20% 55.10% 59.20% 64.40% 68.40% 71.30%
11 102 42.20% 44.50% 47.70% 52.50% 56.50% 60.70% 66.10% 70.10% 73.10%
12 157 43.40% 45.80% 49.10% 54.00% 58.10% 62.40% 68.00% 72.10% 75.20%
13 116 44.90% 47.40% 50.80% 55.80% 60.10% 64.60% 70.30% 74.70% 77.90%
14 158 46.70% 49.20% 52.80% 58.00% 62.40% 67.10% 73.00% 77.50% 80.80%
13 112 48.40% 51.00% 54.70% 60.10% 64.70% 69.50% 75.70% 80.30% 83.80%
16 100 49.70% 52.40% 56.30% 61.80% 66.60% 71.50% 77.80% 82.60% 86.20%
17 119 50.80% 53.50% 57.40% 63.10% 67.90% 73.00% 79.40% 84.30% 87.90%
18 133 51.60% 54.30% 58.30% 64.10% 69.00% 74.10% 80.70% 85.60% 89.30%
19 98 52.30% 55.10% 59.10% 65.00% 70.00% 75.20% 81.80% 86.80% 90.60%

Girls
6 51 34.30% 36.50% 39.70% 44.40% 48.70% 53.10% 58.00% 61.30% 63.60%
7 79 35.10% 37.40% 40.60% 45.50% 49.90% 54.30% 59.30% 62.70% 65.10%
8 86 36.00% 38.30% 41.70% 46.60% 51.10% 55.70% 60.80% 64.30% 66.80%
9 121 37.10% 39.40% 42.90% 48.00% 52.60% 57.30% 62.60% 66.20% 68.70%
10 164 38.40% 40.80% 44.40% 49.60% 54.50% 59.30% 64.70% 68.50% 71.10%
11 123 39.80% 42.40% 46.10% 51.50% 56.50% 61.60% 67.20% 71.10% 73.80%
12 124 41.40% 44.00% 47.90% 53.50% 58.70% 640% 69.80% 73.90% 76.70%
13 132 43.00% 45.70% 49.70% 55.60% 61.00% 66.50% 72.60% 76.70% 79.70%
14 130 44.70% 47.50% 51.70% 57.80% 63.40% 69.10% 75.40% 79.80% 82.80%
15 102 46.20% 49.20% 53.50% 59.80% 65.60% 71.50% 78.00% 82.50% 85.70%
16 108 47.40% 50.50% 54.90% 61.40% 67.30% 73.40% 80.10% 84.70% 87.90%
17 97 48.40% 51.50% 55.90% 62.60% 68.70% 74.80% 81.60% 86.30% 89.60%
18 128 49.10% 52.30% 56.90% 63.60% 69.80% 76.00% 83.00% 87.70% 91.10%
19 105 49.80% 53.00% 57.60% 64.50% 70.70% 77.10% 84.10% 88.90% 92.30%

Age, and gender specific smoothed waist circumference percentiles for Yemeni children and adolescents aged 6- 19 years (n = 3114).

(Table 1). Boys had a non-significantly higher WC than
girls until early adolescence (54.1 + 7.7 cm »s 53.1 £ 8.7
cm, P = 0.09 respectively for subjects aged < 11 years).
Thereafter girls had higher WC values than boys (65.5
+ 10.7 cm »5s 64.8 £ 10.0 cm, P < 0.05 respectively for
subjects aged > 11 years). Gitls had lower 50" and 90"
WC than boys in younger ages (6-11 years), but higher in
older ages (12-19 years) (Table 2) (Figure 1A and D).

Mean WHR decreased with age among both boys and
gitls until early adolescence. Thereafter values plateaued
in boys whereas in girls it continued to decrease. Boys
had a higher WHR than girls in early adolescence (0.88
1+ 0.08 »5s 0.87 £ 0.09, P < 0.01 respectively for subjects
aged < 11 years) as well as thereafter (0.85 = 0.08 »s
0.84 + 0.09, P < 0.01 respectively for subjects aged > 11
years). Gitls always had lower 50" and 90" WHR than
boys (Table 3) (Figure 1B and E).

Mean WHtR was slightly higher among boys than
gitls for subjects aged < 11 years (0.455 + 0.067 and 0.448
1 0.075 respectively, P = 0.07). Thereafter WHtR values
were higher in girls (0.450 £ 0.063) than in boys (0.431 +
0.059, P < 0.01). WHtR 50" percentile in both sexes de-
creased from the age of 6 years reaching the minimum at
the age of 13 years, increasing thereafter mainly in gitls.
Girls had higher 50" and 90" WHtR percentiles than
boys between the age of 14-19 years (P < 0.05) (Table 4)
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(Figure 1C and F).

Prevalence of subjects with WC = 90" percentile,
WHItR greater than 0.5, and of those fulfilling both cri-
teria were 10.9%, 18.3%, and 8.6% in the overall popula-
tion. More precisely 10.8% of girls (95%CI: 9.2-12.3),
11.0% of boys (95%CI: 9.4-12.5) had WC = 90" pet-
centile; 21.7% of girls (95%CI: 19.6-23.7), 14.9% of
boys (95%CI: 13.1-16.6) had WHtR = 0.5; 9.5% of gitls
(8.0-11.0), 7.8% of boys (95%CI: 6.4-9.1) had both WC
= 90" percentile and WHtR = 0.5. Characteristics more
frequently associated with reported criteria for central
obesity were investigated at multivariate logistic regres-
sion, main results being reported in Table 5. In particular
wC = 90" percentiles and WHtR = 0.5 were less preva-
lent in rural than in urban areas (OR = 0.52, 95%ClI:
0.41-0.67 and 0.66, 0.54-0.79 respectively), being more
prevalent in children with sedentary lifestyle (OR = 1.52,
95%CI: 1.17-1.98 and 1.42, 1.14-1.75 respectively). Dif-
ferences by gender were evident only when considering
a cut-off which is independent from the Yemeni popula-
tion (WHtR = 0.5). A minor association was observed
between years of school education and WC = 90™,

DISCUSSION

This study, to our knowledge provides the first gender-
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Table 3 Age, and gender specific smoothed waist hip ratio percentiles for Yemeni children and adolescents aged 6 to 19 years

Age (yr) n 3 5 10" 25 50" 75" 90" 95" 97"

Boys
6 47 0.73 0.76 0.79 0.84 0.89 0.93 0.99 1.03 1.05
7 90 0.73 0.75 0.79 0.84 0.88 0.93 0.98 1.02 1.04
8 99 0.72 0.75 0.78 0.83 0.88 0.92 0.97 1.01 1.04
9 101 0.72 0.74 0.78 0.83 0.87 0.92 0.97 1.01 1.03
10 132 0.72 0.74 0.77 0.82 0.86 0.91 0.96 1.00 1.03
11 102 0.71 0.73 0.77 0.82 0.86 0.90 0.96 0.99 1.02
12 157 0.71 0.73 0.76 0.81 0.85 0.90 0.95 0.99 1.01
13 116 0.70 0.73 0.76 0.81 0.85 0.90 0.95 0.98 1.01
14 158 0.70 0.73 0.76 0.81 0.85 0.89 0.95 0.98 1.01
15 112 0.70 0.73 0.76 0.81 0.85 0.89 0.95 0.98 1.01
16 100 0.70 0.72 0.76 0.80 0.85 0.89 0.94 0.98 1.01
17 119 0.70 0.72 0.76 0.80 0.85 0.89 0.94 0.98 1.00
18 133 0.70 0.72 0.76 0.80 0.85 0.89 0.94 0.98 1.00
19 98 0.70 0.73 0.76 0.81 0.85 0.90 0.95 0.98 1.01

Girls
6 51 0.70 0.73 0.77 0.82 0.87 0.93 0.98 1.01 1.04
7 79 0.70 0.73 0.76 0.82 0.87 0.92 0.98 1.01 1.03
8 86 0.70 0.72 0.76 0.81 0.87 0.92 0.97 1.00 1.03
9 121 0.69 0.72 0.75 0.81 0.86 0.91 0.96 1.00 1.02
10 164 0.69 0.71 0.75 0.80 0.86 0.91 0.96 0.99 1.02
11 123 0.68 0.71 0.75 0.80 0.85 0.90 0.95 0.99 1.01
12 124 0.68 0.71 0.74 0.80 0.85 0.90 0.95 0.98 1.01
13 132 0.68 0.70 0.74 0.79 0.84 0.90 0.95 0.98 1.00
14 130 0.68 0.70 0.74 0.79 0.84 0.89 0.94 0.98 1.00
15 102 0.67 0.70 0.73 0.79 0.84 0.89 0.94 0.97 0.99
16 108 0.67 0.69 0.73 0.78 0.83 0.88 0.93 0.97 0.99
17 97 0.67 0.69 0.73 0.78 0.83 0.88 0.93 0.96 0.98
18 128 0.66 0.69 0.72 0.78 0.83 0.88 0.93 0.96 0.98
19 105 0.66 0.68 0.72 0.77 0.82 0.87 0.92 0.95 0.97

Age, and gender specific smoothed waist hip ratio percentiles for Yemeni children and adolescents aged 6-19 years (n = 3114).
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Figure 1 50" and 90" percentile curves. Waist circumference (WC, A and D), waist to hip ratio (WHR, B and E), and waist to height ratio (WHtR, C and F) for Yemeni
boys (filled circles) and girls (empty circles).
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Table 4 Age, and gender specific smoothed waist-to-height ratio percentiles for Yemeni children and adolescents aged 6 to 19 years

Age (yr) n 3 5% 10" 25 50" 75" 90" 95 97"

Boys
6 47 035 0.37 04 0.44 047 0.51 0.55 0.59 0.61
7 90 0.35 0.36 0.39 0.43 0.46 0.50 0.54 0.58 0.60
8 99 0.34 0.36 0.38 0.42 045 0.49 0.53 0.57 0.59
9 101 0.34 035 0.38 0.41 045 0.48 0.53 0.56 0.58
10 132 0.33 035 0.37 0.41 0.44 0.47 0.52 0.55 0.57
11 102 033 0.34 0.37 0.40 0.44 047 0.51 0.54 0.57
12 157 0.32 0.34 0.36 0.40 043 0.46 0.51 0.54 0.56
13 116 0.32 0.34 0.36 0.40 043 0.46 0.50 0.53 0.56
14 158 0.32 0.34 0.36 0.40 043 0.46 0.50 0.53 0.55
15 112 0.32 0.34 0.36 0.40 043 0.46 0.50 053 0.56
16 100 0.32 0.34 0.36 0.40 043 0.46 0.50 053 0.56
17 119 0.32 0.34 0.36 0.40 043 0.46 0.50 053 0.56
18 133 0.32 0.34 0.36 0.40 043 0.46 0.50 053 0.56
19 9% 0.32 0.34 0.36 0.40 043 0.46 051 0.54 0.56

Girls
6 51 0.34 0.36 0.38 043 0.47 0.51 0.55 0.59 0.61
7 79 033 0.35 0.38 0.42 0.46 0.50 0.54 0.58 0.60
8 86 0.32 0.34 0.37 0.41 0.45 0.49 053 0.57 0.59
9 121 0.32 0.34 0.36 0.41 0.44 0.48 0.53 0.56 0.58
10 164 0.32 0.34 0.36 0.40 0.44 0.48 0.52 0.55 0.58
11 123 0.32 033 0.36 0.40 0.44 0.48 0.52 0.55 0.57
12 124 0.32 033 0.36 0.40 0.44 0.48 0.52 0.55 0.57
13 132 0.32 033 0.36 0.40 0.44 0.48 0.52 0.55 0.57
14 130 0.32 0.34 0.36 0.40 0.44 048 053 0.56 0.58
15 102 0.32 0.34 0.37 041 0.45 0.49 0.53 0.56 0.59
16 108 033 0.34 0.37 0.41 045 0.49 0.54 0.57 0.59
17 97 033 0.35 0.37 0.42 045 0.50 0.54 0.57 0.60
18 128 033 0.35 0.38 0.42 0.46 0.50 0.55 0.58 0.60
19 105 033 035 0.38 042 0.46 0.50 0.55 0.58 0.60

Age, and gender specific smoothed waist-to-height ratio percentiles for Yemeni children and adolescents aged 6-19 years (1 = 3114).

Table 5 Logistic regression of factors associated to different definitions of central obesity

Variables WHtR = 0.5 OR (95%CI) WC = 90" OR (95%Cl) WH(R = 0.5/WC = 90" OR (95%Cl)
Age (yr) 0.98 (0.94-1.02) 0.95 (0.90-1.00) 0.96 (0.90-1.01)
Gender (girls vs boys) 1.55 (1.29-1.89) 0.97 (0.77-1.22) 1.22 (0.94-1.57)
Location (rural vs urban) 0.66 (0.54-0.79) 0.52 (0.41-0.66) 0.52 (0.40-0.67)
Education (yr) 0.99 (0.95-1.03) 1.08 (1.02-1.14) 1.05 (0.99-1.11)
Sedentary (vs active) 1.42 (1.14-1.75) 1.52 (1.17-1.98) 1.65 (1.24-2.19)

Logistic regression of factors associated to different definitions of central obesity: waist-to-height ratio (WHtR) = 0.5, waist circumference (WC) = 90" per-
centile, and the combination of WHtR = 0.5, and WC = 90" percentile. Data are reported as adjusted odd ratio (OR) with 95%CL.

and age-specific WC, WHR and WHtR percentiles for Ye-
meni children 6 to 19 years of age. As observed in other
studies WC increases with age, boys having higher WC
than girls at childhood™ >, In Yemen central obesity
is more prevalent in adult women than in men'” and, ac-
cording to the present findings, this difference originates
at carly adolescence when WC starts to be higher in gitls
than in boys. A WC level of action of 80 cm has been
proposed for adult women®”. The 90" percentile of WC
in Yemeni girls crosses this limit already at the age of
16 years. Conversely boys never reach the WC level of
action of 94 cm proposed for adult men™. According
to the present findings the prevalence of central obesity
(WC = 90" percentile, or WHtR = 0.5, or both WHtR
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= 0.5 and WC = 90" percentile) was higher in urban
than in rural settings, and in subjects with sedentary than
active lifestyle. Years of school education, which can be
considered an index of census, was predictor of having
a WC = 90™. Cut off values of WC have to be based on
percentiles to compensate for variation in child develop-
ment. WHtR was more recently proposed to overcome
this limit and to offer the simplest cut-off value for
screening central obesity in the clinical practice: “keep
your WC to less than half your height””. Also when
considering WHtR, the prevalence of central obesity in
Yemen was higher among girls than boys, differences be-
ing evident after early adolescence. Similarly after carly
adolescence WHR in boys had a plateau while in gitls it
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Table 6 Comparison between waist-to-height ratio 10", 50" and 90™ percentiles for Yemeni, Pakistani (# = 12), and Norwegian (#

= 22) boys and girls

Age Y P N Y P N Y P N
10" percentiles 50" percentiles 90" percentiles

Boys
6 0.4 0.41 0.41 0.47 0.46 0.45 0.55 0.52 0.49
7 0.39 0.4 0.4 0.46 0.45 0.44 0.54 0.52 0.48
8 0.38 0.4 0.39 0.45 0.45 0.43 0.53 0.52 0.48
9 0.38 0.39 0.38 0.45 0.45 0.42 0.53 0.52 0.48
10 0.37 0.39 0.38 0.44 0.44 0.42 0.52 0.52 0.48
11 0.37 0.38 0.37 0.44 0.44 0.42 0.51 0.52 0.48
12 0.36 0.38 0.37 0.43 0.44 0.41 0.51 0.52 0.47
13 0.36 - 0.36 0.43 - 0.41 0.5 - 0.47
14 0.36 - 0.36 0.43 - 0.41 0.5 - 0.46
15 0.36 - 0.37 0.43 - 0.41 05 - 0.46
16 0.36 - 0.37 0.43 - 0.41 05 - 0.47
17 0.36 - 0.38 0.43 - 0.42 05 - 0.47
18 0.36 - 0.38 0.43 - 0.43 0.5 - 0.48
19 0.36 - - 0.43 - - 0.51 - -

Girls
6 0.38 0.41 0.42 047 0.45 0.45 0.55 0.51 0.49
7 0.38 0.4 0.4 0.46 0.45 0.43 0.54 0.52 0.49
8 0.37 0.4 0.4 0.45 0.45 0.43 0.53 0.52 0.48
9 0.36 0.4 0.39 0.44 0.45 0.42 0.53 0.53 0.48
10 0.36 0.39 0.39 0.44 0.44 0.41 0.52 0.53 0.47
11 0.36 0.38 0.38 0.44 0.44 0.41 0.52 0.53 0.46
12 0.36 0.37 0.38 0.44 043 04 0.52 0.52 0.46
13 0.36 - 0.37 0.44 - 0.4 0.52 - 0.45
14 0.36 - 0.37 0.44 - 04 0.53 - 0.45
15 0.37 - 0.37 0.45 - 04 0.53 - 0.45
16 0.37 - 0.38 0.45 - 04 0.54 - 0.45
17 0.37 - 0.38 0.45 - 0.41 0.54 - 0.46
18 0.38 - 0.39 0.46 - 0.42 0.55 - 047
19 0.38 - - 0.46 - - 0.55 - -

th

Comparison between waist-to-height ratio 10", 50" and 90

continued to decrease. The clear identification of a high
risk subgroup is important. According to the present
survey gitls at early adolescence, living in urban areas,
educated, with sedentary lifestyle have to be considered
as a target for future educational programs aimed at limit-
ing central obesity in Yemeni adult women. Furthermore
central obesity in children was reported to be an indepen-
dent predictor of insulin resistance, lipid levels, and high
blood pressure®”. As suggested by the international dia-
betes foundation™ outcome studies investigating future
metabolic syndrome, diabetes and cardiovascular disease
in developing countries are required.

During the last decades, age and sex-specific WC
percentiles have been obtained in different western, and
MEC counttries. In Yemen eatly adolescence is the start-
ing point for the increase of the 90" percentile of WC in
girls differently from what observed in Norway" where
at this age the same increase was reported to occur in
boys (Figure 2). A low physical activity for girls living in
Yemen might be considered. This age related change was
however not reported in Turkish girls*". The differences
among females in Yemen may be related to other factors
such as weather, absence of sidewalks and parks, and cul-
ture such as attitudes of males towards women walking
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percentiles for Yemeni (Y), Pakistani (P), and Norwegian (N) boys and girls.

for leisure. Other cultural aspects, such as the adoption
of western aesthetic values modifying the traditional con-
sideration of plumpness as an index of beauty might also
play a role®™, In Kuwait” early adolescence is the starting
point for central obesity both in gitls and in boys prob-
ably because of the high income of the country (Figure 2).
Comparison with data obtained in United States”” might
be more complex due to the composite ethnicity of pat-
ticipants.

When considering WHtR data from different coun-
tries, the average height in the country has to be consid-
ered. In Yemen the 90 percentile values were compa-
rable to those found in Pakistan™? although significantly
higher than those found in Norway™' (Table 6). More
precisely, when considering this index in developing
countries the possible contribution of malnutrition on
height should be taken into account. According to the
present findings more than 50% of Yemeni girls and
boys aged 6 to 18 years have WC values below those
of the United States 10" percentiles™ (Figure 2). Even
when considering subjects living in the MEC, more than
25% of Yemeni children have WC values below those of
the 10" percentiles measured in Kuwait” and Pakistan'”

(Figure 2).
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Figure 2 Comparison of waist circumference 10", 50", and 90" percentile curve. Waist circumference (WC) 10", 50", and 90" percentile curves for Yemeni, Ku-
waiti®, Pakistani™, Turkish®, United States™", and Norwegian® girls (A, C, E) and boys (B, D, F).

There are limitations and strengths in this study. A
first limitation is the unequal number of subjects in the
28 age strata. The population sample in the HYDY study
was stratified by decades of age rather than by years of
age. However discrepancy between age groups is limited
and the less numerous group included an acceptable
number of subjects. Secondly, the Tanner stage was not
assessed. A third limitation is that in the HYDY study
biochemical investigations on blood (glucose, cholesterol,
and triglycerides) were not assessed in subjects aged less
than 14 years. This decision, which precluded us drawing
conclusions about the associations with obesity indices,
was taken considering the child’s perceptions and fears
of the procedure of blood collection. The strengths of
our study are (1) the novelty in Yemeni children; (2) the
large sample size of children studied over different areas
of the country with a constantly reproducible study pro-
cedure; and finally (3) the door to door approach adopted
in the sampling procedure. We decided to adopt a door-
to-door procedure rather than performing a school-based
study because in low income countries not all children
may have access to school. Considering the very high
response rate we can exclude the presence of relevant
selection bias. Our data provide the first description of
the percentile distribution, derived from a large nationally
representative sample of 6-19 year old children, of WC,
WHR and WHtR in urban and rural Yemeni population.
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In conclusion, HYDY data show a large discrepancy
of central obesity prevalence among Yemeni children
probably because the country is still in an early stage of
the nutritional transition and there are population seg-
ments which are affected by malnutrition™. Prevalence
of central obesity in Yemeni children is low, being associ-
ated with urbanization and sedentary lifestyle. WC, WHtR
and WHR changed similatly in girls and boys until early
adolescence. Thereafter, differently from what observed
in Western countries, WC, WHtR and WHR changes
increased more in gitls than in boys. The importance of
changes observed at early adolescence among gitls living
in urban areas, might be relevant for future National pro-
grams aimed at promoting physical activity and control
of central obesity in women.
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Committee: Pietro Amedeo Modesti (Chair), Husni Al
Goshae, Mohamed Bamoshmoosh, Dawood Al-Hidabi,
Gian Franco Gensini, Marzia Baldereschi, Stefano Rapi,
Luciano Massetti. Monitoring Board: Mohamed Sham-
suddin, Hameed M Aklan, Mahdy Al-Karewany, Abdul-
Malik Al-Amrany, Ferdawsi Al-Jilani; Data Center: Am-
mar Al-Ghadi, Giulia Elisa Cambi, Antonella Ferrari.
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Background

Children obesity also in the Middle Crescent Area is a matter of growing con-
cern. Childhood central obesity is assessed by measuring waist circumference
(WC). However, ethnicity and environmental differences might influence body
proportions, and the usefulness of national references to control for variations
between populations was suggested.

Research frontiers

In children WC has to be expressed relatively to their sex and age peers. Differ-
ently from WC and waist to hip ratio (WHR) a recently proposed index, waist-
to-height ratio (WHIR), is only weakly associated with age and gender, and
different studies are suggesting a single cut-off value for defining central obesity
(WHR = 0.5).

Innovations and breakthroughs

Prevalence of central obesity in Yemeni children is low, being associated with
urbanization and sedentary lifestyle. WC, WHtR and WHR changed similarly
in girls and boys until early adolescence. Thereafter, differently from what ob-
served in Western countries, WC, WHIR and WHR changes increased more in
girls than in boys.

Applications

The importance of the changes observed at early adolescence among seden-
tary girls living in urban areas, might be relevant for future National program
aimed at promoting physical activity and control of central obesity in women.

Terminology

Central obesity measures the abdominal obesity using parameters such as WC,
WHR and WHIR, and seems to be better correlated with cardiovascular disease
and mortality than general obesity measured using the body mass index.

Peer review

The authors provided the first central obesity percentile curves of WC, WHIR
and WHR for Yemeni children aged six to nineteen years. As expected the
prevalence of central obesity in Yemeni children is low, being associated with
urbanization and sedentary lifestyle. The study showed also that WC, WHtR
and WHR values changed similarly in girls and boys until early adolescence.
However, thereafter, differently from what observed in Western countries, these
changes increased more in girls than in boys indicating that this is a crucial mo-
ment in the arising of adult women central obesity.
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Abstract

AIM: To investigate the role of [breast and ovarian can-
cer susceptibility 1 (BRCA1)-associated RING domain 1
(BARD1)]/BRCA1 E3-ubiquitin ligase complex in govern-
ing the stability of mutant liver X receptor-o. (LXR-a)
protein in coronary heart disease (CHD) subjects.

METHODS: The expression analysis of various genes
was carried out by quantitative real time polymerase
chain reaction and western blotting within blood mono-
nuclear cells of human CHD subjects at various stages
of coronary occlusion and their corresponding normal
healthy counterparts. Immunoprecipitation experiments
were performed to establish protein interactions be-
tween LXR-o. and BARDL1. Peripheral blood mononucle-
ar cells were cultured and exposed to Vitamin Ds and
Cisplatin to validate the degradation of mutant LXR-a
protein in CHD subjects by BARD1/BRCA1 complex.

RESULTS: The expression of mutant LXR-a. protein in
CHD subjects was found to decrease gradually with the
severity of coronary occlusion exhibiting a strong nega-
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tive correlation, r = -0.975 at P < 0.001. Further, the
expression of BARD1 and BRCA1 also increased with
the disease severity, # = 0.895 and 0.873 respectively
(P < 0.001). Immunoprecipitation studies established
that BARD1/BRCA1 complex degrades mutant LXR-a via
ubiquitination. The absence of functional LXR-a. protein
resulted in increased expression of inflammatory cyto-
kines such as interleukin (IL)-6, IL-8 and interferon-y
and decreased expression of ABCA1 (ATP-binding cas-
sette Al) (r = 0.932, 0.949, 0.918 and -0.902 with
respect to Gensini score; P < 0.001). Additionally, cell
culture experiments proved that Vitamin Ds could pre-
vent the degradation of mutant LXR-a and restore its
functional activity to some extent.

CONCLUSION: Mutant LXR-a protein in CHD subjects
is degraded by BARD1/BRCA1 complex and Vitamin Ds
can rescue and restore its function.

© 2013 Baishideng. All rights reserved.

Key words: Mutant liver X receptor-a; Ubiquitination;
Breast and ovarian cancer susceptibility 1-associated
RING domain 1/breast and ovarian cancer susceptibility
1; Mononuclear Cells; Coronary heart disease subjects;
Vitamin D3

Core tip: The present study proposes that the stability
of mutant liver X receptor-a. (LXR-a)) protein in blood
mononuclear cells of human coronary heart disease
(CHD) subjects is governed by its ubiquitination depen-
dent degradation by [breast and ovarian cancer suscep-
tibility 1 (BRCA1)-associated RING domainl (BARD1)]/
BRCA1 E3 ubiquitin ligase complex. Additionally, BARD1/
BRCA1 expression shows an increasing trend with re-
spect to severity of coronary occlusion. This degradation
is rescued to some extent by the ability of Vitamin D3
to bind mutant LXR-a. protein thus providing warranted
evidence that dietary supplementation of Vitamin Ds in
such subjects may be exploited therapeutically.
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INTRODUCTION

Liver X receptor-a (LXR-q) is a ligand activated tran-
scription factor that plays a pivotal athero-protective role
by regulating genes involved in lipid metabolism and re-
verse cholesterol transport [e.g., ATP-binding cassette Al
(ABCA1), ABCGI, Apolipoprotein E] and by inhibiting
nuclear factor kappa-B mediated inflammatory responses
and proliferation of vascular smooth muscle cells"™. Sev-
eral 7n vitro and in vivo studies in animal models of athero-
sclerosis have shown that LXR-q, agonists can attenuate
lesion progression and also lead to regression of an al-
ready established plaque[&w. The observation that statins
as well as vitamin C, both have an inherent ability to up-
regulate LXR-a"” further undetline its importance. Find-
ings from our laboratory have demonstrated that both
normolipidemic and hyperlipidemic human coronary
heart disease (CHD) subjects have significantly higher
expression of blood cellular LXR-q, as compared to the
corresponding controls"”. This is in sharp contrast with
the observed protective role of LXR-a. Paradoxically
there is an increased expression of LXR-a with the cor-
responding increase in severity of coronary occlusion!"”
Further work has partly resolved this paradox by reveal-
ing three critical mutations in its ligand binding domain
involving Asp324, Pro327 and Arg328 which compro-
mises its ability to interact and get activated by its natural
ligandsm. But to fully understand this apparent paradox
it is imperative to explore the stability and expression of this
mutant LXR-q, protein. Recently Kim ¢ a ! have shown
that ligand free LXR-q interacts with an E3 ubiquitin
ligase heterodimer complex of breast and ovarian cancer
susceptibility 1 (BRCA1) and BRCA1l-associated RING
domain 1 (BARD1), and is subsequently degraded. Since
mutant LXR-qa in CHD patients is also unable to bind
to its ligand, the present study was addressed to explore
the role of BARD1/BRCAT1 (breast and ovarian cancer
susceptibility 1) complex in governing the stability of
mutant LXR-a in these subjects.

MATERIALS AND METHODS

Subject selection

Freshly diagnosed male subjects (# = 40) with confirmed
coronary heart disease (diagnosed for the first time upon
coronary angiography) and control subjects (# = 10, age
and gender matched with angiographically proven not-
mal coronary arteries) were selected for the study from
the outpatient clinic of Department of Cardiology, Post-
graduate Institute of Medical Education and Research,
Chandigarh, with their prior informed consent. Females,
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diabetics, individuals suffering from cardiomyopathies,
any infectious disease, systemic illness, serious organ dis-
ease, serious psychiatric illness, chronic alcohol abuse and
anti-convulsant therapy were excluded from this study.
Further, subjects taking any drug namely lipid lowering
drugs or antthypertensive or anti-diabetic drugs (which
could intetfere with the study) wete also excluded from
the study. The study was approved by institute’s ethical
committee and conforms to the principles outlined in the
declaration of Helsinki"”. The laboratory variables of
the patients are given in Table 1. The severity of coro-
nary occlusion in CHD patients was measured by Gen-

120]

sini Score™" and the subjects were categorized into five

groups as described in Table 2.

Gene expression analysis and immunoprecipitation
Peripheral blood mononuclear cells (PBMCs) were
isolated from 5 mL of heparinized blood using Ficoll-
Hypaque density gradient method”. RNA was isolated
using standard guanidinium thiocynate method™. The
extracted RNA was reverse transcribed using Revert Aid™
first strand synthe 2.3). B-actin (Sigma Aldrich) was taken
as an invariant control for both transcriptional and trans-
lational expression studies.

Immunoprecipitation and western blotting

The cells were lysed with non-denaturing lysis buffer |
20 mmol/L Tris HCI (pH = 8), 137 mmol/L NaCl, 10%
glycerol, 1% Triton X-100 and 2 mmol/L EDTA (Ethylene
Diamine Tetraacetic Acid)] containing protease inhibitor
cocktail (Sigma Aldrich). For immunoprecipitation, equal
amounts of total cell extracts from CHD subjects (GS =
10-20) and healthy controls were incubated with LXR-a
antibody, and the immunoprecipitated complexes were col-
lected using protein-G sepharose beads (Sigma Aldrich).
Further, pellets were washed 3 times with 1 mL non-
denaturing lysis buffer, protein eluted in sample buffer
(0.125 mol/L Tris, 2%SDS, 5% 2-mercaptoethanol) and
subjected to western blotting. For direct western blotting,
protein extracts were electrophoresed by SDS-PAGE (
125 mL/L, Sodium dodecyl sulphate-poly-acrylamide gel
electrophoresis), transferred to nitrocellulose membranes
and probed using specific antibodies against LXR-q,
BARD1, BRCA1 and B-actin. B-actin was used as an invari-
ant control. Each band on the immunoblot was scanned
densitometrically using Scion Image Analysis software. The
results were expressed as intensity ratio of target protein to
B-actin protein taken as arbitrary unit (AU).

Cell culture experiments

PBMCs from healthy subjects and CHD subjects were
seeded in RPMI 1640 medium containing 10% FCS at 37 °C
in 5%COz2 atmosphere and exposed to Vitamin D3 (
1 umol/L) ot Cisplatin (30 umol/L) for 36 h. After the incu-
bation petiod, cells were harvested and processed for RNA
and protein isolation by employing standard methods ",
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Table 1 Laboratory variables of subjects employed in the

study
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Table 3 Primers sequences employed for transcriptional
expression analysis of various genes

Control CHD subjects P value
(n =10) (n = 40)

Age (yr) 51+8 53 +4 NS
Sex M M NA
TC (mg/dL) 179.5+4.7 182.0+3.6 NS
TG (mg/dL) 156.2+ 6.3 167.1+8.7 NS
HDL-C (mg/dL) 498+1.3 426 £3.9 NS
LDL-C (mg/dL) 93.24 +5.67 102.0+5.3 NS
Serum CRP (mg/dL) 0.63 +0.32 110+ 0.51 NS
Serum 25 (OH) Vitamin 16+23 73+32 S
Ds (ng/mL)

CHD: Coronary heart disease; TC: Total cholesterol; TG: Triglyceride;
HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipo-
protein cholesterol; M: Male; NS: Not significant; NA: Not applicable; S:
Significant; CRP: C-reactive protein.

Table 2 Subject groups formed on the basis of severity of

coronary occlusion as measured by gensini score

Group Gensini score No. of subjects

Control 0 10

Group I 1-10 10

Group II 11-20 10

Group Il 21-30 10

Group IV >30 10
Statistical analysis

Statistical analyses were performed by SPSS Windows ver-
sion 19. Correlation between severity of CHD and expres-
sion of various genes was evaluated by Spearman rank-
correlation coefficient, P value < 0.01 taken as statistically
significant. Data were presented as mean * SD. Statistical
comparisons between multiple groups were made by
ANOVA (One way Analysis of Variance). P value < 0.05
was considered statistically significant.

RESULTS

As reported earlier!”, we observed similar pattern of 3 criti-
cal mutations in the ligand binding domain and increased
transcriptional expression of LXR-a with respect to increas-
ing coronary occlusion (data not shown) in all subjects em-
ployed in this study. In contrast, LXR-a protein expression
was found to decrease with increasing severity of coronary
occlusion and exhibited a strong negative correlation with
gensini score (Figure 1A and B). Correspondingly, the ex-
pression of ubiquitin ligase heterodimer BARD1/BRCAL1
increased with respect to increasing severity of coronary
atherosclerosis (Figures 1C and 2E), showing a strong posi-
tive correlation with gensini score (Figure 3A and B). Con-
sequently, the expression of inflimmatory genes such as
interleukin (IL)-6, IL-8 and interferon (IFN)-y was found to
increase and ABCA1, a direct target of LXR-a responsible
for cholesterol efflux, decreased with increasing severity of
disease (Figures 1D and 3C-F). Our previous studies have
proved that Vitamin Ds can bind to mutant LXR-a ligand
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No. Gene Primer pair

1 ABCA1 Forward: 5'-ACCTCGGGCACCGCCTACAT-3’
Reverse: 5'-CGAAGGCCCGCCTGTTTCGT-3

2 BARD1 Forward: 5-GCCAAAGCTGTTTGATGGAT-3
Reverse: 5'-CGAACCCTCTCTGGGTGATA-3’

3 BRCA1 Forward: 5-TAGGGCTGGAAGCACAGAGT-3'
Reverse: 5'-AATTTCCTCCCCAATGTTCC-3’

4 IFN-  Forward: 5-CGTTTTGGGTTCTCTTGGCTGTT-3"
Reverse: 5-CTCCTTTTTCGCTTCCCTGTTTT-3’

5] IL-6 Forward: 5-TGGGCACAGAACTTATGTTG-3’
Reverse: 5-TTGAGGTAAGCCTACACTTTCC-3’

6 IL-8 Forward: 5'-ATGACTTCCAAGCTGGCCGTGGCT-3

Reverse: 5-TCTCAGCCCTCTTCAAAAACTTCT-3
7 p-actin - Forward: 5'-CATGTACGTTGCTATCCAGGC-3’
Reverse: 5-CTCCTTAATGTCACGCACGAT-3’

binding domain™. So, in order to confirm that inability of
LXR-a protein to bind to its natural ligands is responsible
for its degradation, we exposed patient cells to Vitamin
D5 (1 umol/T). The significant increase in the expression
of LXR-q protein in these patient cells unambiguously
revealed that Vitamin Ds bound LXR-q is resistant to deg-
radation by BARD1/BRCA1 complex (Figure 2A). Further,
though the expression of BARD1/BRCA1 complex in pa-
tient PBMCs decteased upon Vitamin Ds exposure, the dif-
ference was not significant as compared to patient cells alone
(Figure 2B). Also, the significantly increased expression of
ABCAL1 in patient cells exposed to Vitamin Ds further vali-
dated our previous findings”” that Vitamin Ds is able to re-
stote the functional activity of mutant LXR-q to some ex-
tent (Figure 2B). As expected, Vitamin D3 treatment did not
have any significant effect on LXR-a protein expression in
normal cells which harbor wild type LXR-a (Figure 2A).
To ascertain the role of BARD1/BRCA1 dependent ubig-
uitination in the degradation of mutant ligand-free LXR-q,
protein, we examined their interaction in patient PBMCs
by co-immunoprecipitation assays. CHD subjects with
GS = 10-20 were selected as per statistical analysis since
such subjects have appreciable expression of both LXR-a
and BARD1/BRCA1 complex. Total cell lysates from
PBMC:s detived from CHD subjects and normal healthy in-
dividuals were immune-precipitated with anti LXR-q anti-
body and immune-blotted with anti-BARD1 antibody. The
results revealed that the mutant LXR-a protein strongly as-
sociated with BARD1 in CHD subjects as compared to that
in healthy controls (Figure 2E). Additionally, direct western
blotting also demonstrated the increased expression of
BARD1 and BRCAT1 protein in PBMCs of CHD subjects
as compared to their healthy counterparts (Figure 2E). To
further precipitate the role of BARD1/BRCA1 complex
in degradation of ligand-free LXR-q, in CHD subjects, pa-
tent PBMCs were exposed i vitro to cisplatin (30 pmol/L)
which has recently been shown to inhibit the E3 ubiquitin
ligase activity of BARD1/BRCA1 heterodimer®. The
observed increase in the expression of LXR-q protein in
patient cells treated with cisplatin in the absence of Vitamin
Ds undoubtedly established the role of BARD1/BRCA1
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Figure 1 Gene expression analysis of various genes with respect to gensini score. A: Mean values of liver X receptor-o. (LXR-c) protein levels in peripheral
blood mononuclear cells (PBMCs) isolated from coronary heart disease (CHD) subjects and healthy controls with respect to increasing gensini score (reflecting the
severity of coronary occlusion). Each bar represents mean + SD for 10 different individuals in each group. The means were compared with one way ANOVA and °P < 0.05
vs control group; B: Statistical correlation between translational expression of mutant LXR-a and gensini score within PBMCs. Values of r show Spearman rank cor-
relation coefficient and P < 0.01 was considered statistically significant; C, D: Mean values of [breast and ovarian cancer susceptibilityl (BRCA1)-associated RING
domain 1] (BARD1) and BRCA1 (C) and interleukin (IL)-8, interferon (IFN)-y, IL-6, and ATP-binding cassette A1 (ABCA1) (D) mRNA expression (change in ACt val-
ues) in PBMCs derived from CHD patients and healthy controls with respect to increasing Gensini Score. Each bar represents mean + SD for 10 different individuals
in each group. The means were compared with one way ANOVA and °P < 0.05 vs control group.

complex in the degradation of mutant LXR-a (Figure 2C). also that human CHD subjects (with or without hyperlip-
Despite the increased expression of LXR-q, protein upon idemia) have conspicuously higher blood cellular LXR-q,

cisplatin exposure, due to the absence of any ligand to acti- mRNA expression as compared to their normal healthy
vate mutant LXR-q, there was no effect on the expression counterparts“()]. However, synthetic agonists for the
of ABCA1 in both normal and patient cells (Figure 2D). LXR-q, activation designed as therapeutic agents for the
BARD1/BRCA1 inhibition also causes a non-significant in- regression of coronary atherosclerosis did not meet the
crease in LXR-a expression in normal cells where wild type expected success. This anomaly got further compounded
ligand free LXR-q, might escape degradation (Figure 2C). by the observation in CHD patients who exhibited in-

creasing transcriptional expression of LXR-qa, within
their PBMCs, with corresponding increase in severity of

DISCUSSION coronary occlusion"”. This paradox was partly resolved
An alarming increase in CHD cases all over the world by our earlier studies which showed that ligand binding
warrants molecular micro-dissection of pathways in- domain of LXR-a protein in CHD subjects harbors a
volved in the initiation and progression of CHD. LXR-q unique genetic aberration (involving Asp324, Pro327 and
has been widely recognized as a master gene that plays a Arg328) which prevents its physiological ligands from
crucial role in cholesterol homeostasis, lipid peroxidation binding and activating the LXR-ou protein, thus render-
and inflammation responsible for the initiation of CHD ing it non-functional”. Further, this mutant LXR-¢
and its clinical implications“’ﬂ. Apart from the observed gene product was shown to acquire by default affinity for
protective effects of LXR-q, agonists in the various cel- Vitamin D3 which can restore the function of mutated
lular and animal model systems"'", the importance of LXR-q, protein to some extent”,

LXR-q, in pathogenesis of CHD is further highlighted by The present study is based on the fact that ligand
the studies from our laboratory which showed that both free LXR- gets degraded by BARD1/BRCA1 heterodi-
statins (drug of choice for CHD) and vitamin C have an mer!"”. Since mutant LXR-g, in CHD subjects is also
inherent capacity to upregulate LXR-q, expression“s] and unable to bind its natural physiological ligands, we at-
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Vitamin D3 exposure in normal and patient cells; C: Protein expression of LXR-o. within PBMCs, isolated from CHD subjects (GS > 30) as well as normal healthy controls,
exposed to culture medium enriched with and without Cisplatin (30 umol/L); D: Relative mRNA expression (change in ACt values) of ABCA1 upon Cisplatin exposure in normal
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Figure 4 Schematic diagram representing the mechanism of action of liver X receptor-a.. A: Wild type functional liver X receptor-o. (LXR-c) in healthy controls; B:
Mutant non-functional LXR-c in coronary heart disease patients; C: Mutated but functional (to some extent) LXR-a when rescued by Vitamin Ds. BRCA1: Breast and ovar-
ian cancer susceptibility 1; BARD1: BRCA1-associated RING domain 1; LXRE: liver X receptor.

tempted to explore whether this heterodimeric complex compared to that in normal cells (Figure 2C). This may
plays any role in the decrease of LXR-q, protein levels in be explained by the fact that we used 30 umol/L concen-
such subjects. We performed certain preliminary experi- tration of cisplatin as compared to 60 pmol/L used by
ments which showed strong correlation in the degrada- Atipairin ez a/* (which reduced the E3 ubiquitin ligase
tion of LXR-q, and corresponding increase of BARD1/ activity of the BARD1/BRCA1 complex by half) which
BRCAT1 levels along with increasing disease severity would have been toxic to the cells as in our case. Further
(Figures 1A-C, 3A and B). This degradation of LXR-a since there is no ligand to modulate LXR-q transcrip-
protein also explains the increasing expression of inflam- tional activity, the expression of ABCA1 is not affected
matory cytokines IFN-y, IL-6 and IL-8 and decreasing upon cisplatin treatment (Figure 2D). In the previous
expression of ABCA1 (responsible for cholesterol efflux study we have shown that Vitamin Ds has an inherent
particularly from macrophages) with increasing coronary capacity to activate mutant LXR-o in a dose dependent
occlusion (Figures 1D and 3C-F), which would ultimately fashion™. Hence, it becomes imperative to examine
result in increased vascular inflammation and foam cell whether or not the Vitamin D3 bound to mutant LXR-q
formation. Thus, though the expression of LXR-q in- inhibits its degradation by BARD1/BRCAL1. The results
creases with the severity of the disease at the transcrip- clearly showed that mutant LXR-a bound to Vitamin
tional level'” (data not shown for subjects employed in Ds is rescued from degradation and not only brings the
present study), there is absence of functional LXR-q protein level of LXR-q, close to that of normal healthy
protein in CHD subjects (Figure 1A and B). To confirm control (Figure 2A) but also activates it to some extent
the interaction between the two proteins, immunopre- as can be seen by the increased expression of ABCA1 in

cipitation studies were performed which showed a strong patient cells exposed to Vitamin Ds (Figure 2B). Further,
association between mutant LXR-o and BARD1 in CHD Vitamin Ds does not affect BARD1/BRCA1 expression
subjects as compared to the normal healthy counterparts. (Figure 2B). But, Vitamin D5 levels in the serum of CHD
A weak interaction observed between the two proteins in patients are significantly low®*? a5 can also be seen by
the healthy subjects could be explained by the presence the low serum Vitamin Ds levels of the CHD subjects
of any ligand free wild type LXR-a which could also be employed in the present study in comparison to their
bound and subsequently ubiquitinated by BARD1 (Figure healthy counterparts (Table 1). The fact, that statins can
2E). To further precipitate the role of BARD1/BRCAL1 upregulate Vitamin D5 levels might add to their pleiotro-

in degradation of LXR-a 2z ubiquitination in CHD sub- pic beneficial effects”***,

jects, patient PBMCs were exposed to cisplatin (inhibitor In conclusion, our findings provide evidence that
of E3 ubiquitin ligase activity of BARD1/BRCAL1 [24]) mutant LXR-¢ in CHD patients is degraded by BARD1/
in vitro. Though we observed an appreciable increase in BRCA1 E3 ubiquitin ligase complex and since Vitamin
LXR-a protein levels in PBMCs derived from CHD Ds can rescue and simultaneously activate this mutant
subjects upon cisplatin exposure, but it was still lower as LXR-a (Figure 4), dietary supplementation of Vitamin
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Ds in such subjects may be exploited therapeutically.
Further,  XR-¢ gene mutation and the extent of LXR-o
protein degradation may be exploited as potential non-
invasive markers for eatly diagnosis and prognosis, as well
as for predicting the susceptibility of an individual to de-
velop the disease in future. However, population studies
are warranted to substantiate these propositions.

COMMENTS

Background

Atherosclerosis and its clinical manifestations, such as myocardial infarction or
stroke, are the leading causes of morbidity and mortality in the modern world.
Lipid peroxidation and inflammation are the two hallmarks of atherosclerotic lesion
development. Though lipid-lowering agents like statins are the drug of choice,
they do not provide complete protection, thus necessitating an in-depth dissection
of other critical molecular pathways that could alter the disease course.

Research frontiers

Liver X receptor-a. (LXR-a.) is a key athero-protective molecule regulating
cholesterol homeostasis as well as inflammation. Various in vitro and in vivo
studies in mice models have demonstrated the protective role of LXR-o.. The
use of various ligands for activating LXR-a., while avoiding its side effects, is a
research hotspot in this area. Also, the association of Vitamin Ds deficiency with
atherosclerosis progression and its dietary supplementation to prevent or treat
atherosclerosis is another major area of research in relation to atherosclerosis.

Innovations and breakthroughs

Previous studies in the authors’ laboratory have demonstrated that the ligand
binding domain of LXR-o is mutated in coronary heart disease (CHD) sub-
jects, thus rendering it incapable of binding and getting activated by its natural
physiological ligands. Recent studies have established that ligand-free LXR-a.
gets ubiquitinated and subsequently targeted for proteasomal degradation, by
[breast and ovarian cancer susceptibility! (BRCA1)-associated RING domain1
(BARD1)I/BRCA1 E3 ubiquitin ligase complex. Accordingly, in the present study
we explored the role of BARD1/BRCA1 complex in governing the stability of
mutant LXR-a in these subjects. Also a specific inhibitor of BARD1/BRCA1
complex, Cisplatin, was used to warranty the claimed results. They also investi-
gated the role of Vitamin Ds, a natural ligand of mutant LXR-a, in preventing its
degradation by ubiquitination.

Applications

The authors’ findings suggest that dietary supplementation of Vitamin Ds in
CHD subjects may be exploited therapeutically. Further, LXR-«x gene mutation
and the extent of LXR-a. protein degradation may be exploited as potential non-
invasive markers for early diagnosis and prognosis, as well as for predicting the
susceptibility of an individual to develop the disease in future.

Terminology

Atherosclerosis is a chronic inflammatory response to the accumulation of
macrophages and white blood cells in the walls of arteries, promoted by low-
density lipoproteins without adequate removal of fats and cholesterol from the
macrophages. LXR-a is a ligand dependent transcription factor belonging to
nuclear receptor super-family. It forms heterodimer with the LXR and binds to
the regulatory region of target genes, modulating their expression upon ligand
binding. BARD1/BRAC1 forms a functional heterodimer having an ubiquitin
ligase activity that targets specific proteins for proteasomal degradation.

Peer review

The authors explored the role of BARD1/BRCA1 heterodimer in governing the
stability of mutant LXR-o protein in CHD subjects. It is an excellent study.
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Abstract

Second generation drug eluting stents (DES) have
shown better safety and efficacy in comparison to first
generation DES, because of thinner struts, nondurable
polymers and coating with better anti-proliferative
drugs. The newer DES with cobalt alloy base have
demonstrated a greater trackability, deliverability, con-
formability, flexibility and radio-opacity. However, these
thin strut stents have a downside of poor longitudinal
axial strength, and therefore get easily deformed/
compressed at their end with a slight trauma dur-
ing exchange of various catheters. We hereby report
two cases of “longitudinal stent compression (LSC)”
of everolimus-eluting stent, which happened during
percutaneous coronary intervention of right coronary
artery. Both the cases were successfully managed with
non-compliant balloon dilatation. Various reasons for
LSC and its management are discussed in the article.

© 2013 Baishideng. All rights reserved.

Key words: Complication; Everolimus-eluting stent;
Longitudinal stent compression; Percutaneous coronary
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intervention; Stent structure; Stent deformation

Core tip: The newer second generation drug eluting
stent (DES) have shown a greater safety and efficacy
compared to first generation DES, because of thinner
struts, nondurable polymers and coating with bet-
ter anti-proliferative drugs. Though their performance
is excellent for various type of coronary lesions, one
downside is that they are susceptible for compression/
deformation because of poor longitudinal axial strength.
We came across longitudinal stent compression (LSC)
of everolimus-eluting stent in two cases, which was
successfully managed by balloon dilatation. Various
reasons for LSC and its management are discussed in
the article.

Vijayvergiya R, Kumar A, Shrivastava S, Kamana NK. Longitu-
dinal stent compression of everolimus-eluting stent: A report of
2 cases. World J Cardiol 2013; 5(8): 313-316 Available from:
URL: http://www.wjgnet.com/1949-8462/full/v5/i8/313.htm
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INTRODUCTION

313

Second generation drug eluting stents (DES) have shown
better safety and efficacy in comparison to first genera-
tion DES, because of thinner struts, nondurable poly-
mers and coating with better anti-proliferative drugs'™”.
A change in stent platform from stainless steel to cobalt
alloy and a change in stent design have improved the
performance of newer DES in terms of trackability, de-
liverability, conformability, flexibility and radio-opacity.
However, these thin-strut stent have a downside of
poor longitudinal axial strength, resulting into a newly
described observation of “longitudinal stent compres-
sion (LSC)”". We hereby report two cases of LSC with
everolimus-eluting PROMUS Element stent.
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Figure 1 Percutaneous intervention of mid right coronary artery in case 1.
A: 90% eccentric, calcified, type C lesion of mid right coronary artery (RCA); B:
Longitudinal compression of un-inflated stent in proximal RCA as marked by a
black arrow; C: Post stent deployment, the longitudinally compressed proximal
part of stent as marked by a black arrow; D: Final result showing thrombolysis
in myocardial infarction-3 flow in RCA.

CASE REPORT

Case 1

A 62-year-old hypertensive male presented with acute
anterior wall myocardial infarction (MI) in July 2012. He
underwent primary angioplasty and stenting of mid left
anterior descending (LAD) artery. Five days later, he had
elective percutaneous coronary angioplasty (PCI) of right
coronary artery (RCA). The dominant mid RCA showed
a 90% type C, eccentric, calcified lesion (Figure 1A). The
RCA was cannulated with JR 3.5, 6F guide catheter, le-
sion was crossed with 0.014 inch guide wire (Zinger-
Support wire; Medtronic, Inc., Minneapolis, Minnesota),
and dilated with 2.5 mm X 15 mm semi-compliant bal-
loon (Sprinter balloon, Medtronic). Thereafter, a 3.5 mm
X 38 mm PROMUS Element™ stent (Boston Scientific,
Natick, MA, United States) was taken for deployment,
but it could not be pushed across the calcified mid RCA
lesion. During forceful manipulations to push it, the dis-
tal end of stent got stuck-up at mid RCA. Thereafter, an
attempt to pull it back into the guide catheter resulted into
longitudinal compression of proximal end of the stent
(Figure 1B and C). The stent got dislodged from the stent
balloon at its proximal position (Figure 1B). At this point,
the stent was deployed at same position without any
further manipulation. Following stent deployment, the
stented segment was post-dilated with 3.5 mm X 15 mm
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non-compliant (NC) balloon (Sprinter balloon, Medtron-
ic). The residual mid RCA lesion, distal to the deployed
stent was dilated with 3.0 mm X 15 mm NC balloon,
and a 3.5 mm X 25 mm bare-metal stent (Skylor stent,
Medtronic-Invatec, Roncadelle, Italy) was deployed, over-
lapping the proximal stent. The whole stented segment
was post-dilated with 3.5 mm X 15 mm NC balloon at
18 atmospheres. RCA had a thrombolysis in myocardial
infarction (TIMI)-3 flow at the end of procedure (Figure
1D). There was no hemodynamic instability during the
intervention. He remained asymptomatic during follow-
up and a check angiogram at 9-mo showed patent RCA
and LAD stents.

Case 2

A 65-years-old male presented with 15-d old anterior wall
MI in July 2012. He was in gross congestive heart failure,
which improved with diuretic therapy. Echocardiography
revealed akinetic anterior wall, no mitral regurgitation and
ejection fraction of 0.30. Coronary angiogram revealed
100% occluded proximal LAD with thrombus, and a
90% eccentric, calcified, type C lesion at proximal RCA
(Figure 2A). He was subjected for PCI to LAD. The left
coronary artery was cannulated with JL 3.5, 6 I guide
catheter and proximal LAD lesion was crossed with 0.014
inch guide wire (Zinger-Support wire, Medtronic). The
lesion was dilated with 2.5 mm X 15 mm balloon and
thrombus aspiration with 6F Export aspiration catheter
(Medtronic) was performed. There was TIMI-0 flow
despite repeated thrombus aspiration and intra-coronary
bolus of abciximab. He was put on abciximab infusion
and shifted back to coronary care unit. Later, a check an-
glogram showed occluded proximal LAD. This time no
further intervention was performed to LAD considering
it as a non-viable territory; and was taken up for PCI to
RCA. The RCA was cannulated with JR 3.5, 6 F guide
catheter and proximal RCA lesion was crossed with 0.014
inch guide wire (Zinger-Support wire, Medtronic). The
lesion was dilated with 2.5 mm X 15 mm semi-compliant
balloon (Sprinter, Medtronic). Thereafter, a 2.75 mm X
38 mm PROMUS Element™" stent (Boston Scientific)
was taken for deployment, but it could not be pushed
across calcified proximal RCA lesion. During force-
ful manipulations to push it, the distal end of stent got
stuck-up at proximal lesion site. Thereafter, an attempt to
pull it back into the guide catheter resulted into longitudi-
nal compression of proximal end of the stent (Figure 2B
and C). The stent got dislodged from the stent balloon at
its proximal position (Figure 2C). The stent was deployed
at same position without any further manipulation. Post
stent deployment, the stented segment was post-dilated
with 2.75 mm X 15 mm NC balloon (Sprinter, Medtron-
ic). The residual RCA lesion, distal to the deployed stent
was dilated with 2.75 mm X 15 mm NC balloon and a 2.75
mm X 16 mm PROMUS Element"" stent (Boston Scien-
tific) was deployed, overlapping the proximal stent. The
whole stented segment was post-dilated with 2.75 mm X
15 mm NC balloon at 18 atmospheres. He remained he-
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Figure 2 Percutaneous intervention of mid right coronary artery in case 2.
A: 90% eccentric, calcified, type C lesion of proximal right coronary artery (RCA);
B: Longitudinal compression of un-inflated stent in proximal RCA as marked by
a black arrow; C: Post stent deployment, the longitudinally compressed proxi-
mal part of stent as marked by a black arrow; D: Final result showing throm-
bolysis in myocardial infarction-3 flow in RCA.

modynamically stable during PCI and had a TIMI-3 flow
in RCA (Figure 2D). Twenty-four hours later, he had an
episode of massive hematemesis followed by hypoten-
sion, which was appropriately managed. There was no
chest pain and no ST-segment elevation in inferior elec-
trocardiogram leads, which rule out a possibility of acute
stent-thrombosis. Later in the course, he had recurrent
ventricular tachycardia followed by asystole, from which
he could not be revived and expired.

DISCUSSION

Longitudinal stent compression has been described by
various authors in newer generation cobalt alloy stents.
It is commonly reported with PROMUS Element stent,
though isolated report of other stents such as Taxus
Liberte (Boston Scientific Co., Natick, MA, United
States), Biomatrix (Biosensors Interventional Technolo-
gles, Singapore), Endeavor (Medtronic Inc., Minneapolis,
Minnesota) and Xience (Abbott Vascular, Santa Clara,
CA, United States) is also available™. Our incidence of
0.8% LSC (2 out of 250 deployed PROMUS Element
stents in 6 mo, from July 2012-December 2012) is similar to
the reported incidence of 0.6%-0.8% by other authors™.
A bench testing for longitudinal strength of various DES
as studied by Ormiston ez a/” and Prabhu ¢z a/”, have dem-
onstrated that a 2-link offset peak-to-peak stent design
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of PROMUS Element has the lowest resistance for lon-
gitudinal compression. A relatively better radio-opacity
of PROMUS Element is another reason for frequent
recognition of L.SC during fluoroscopy"”. The incidence
can be much higher with various stents, if a routine intra-
vascular ultrasound (IVUS) or optical coherence tomog-
raphy (OCT) is performed™”. Various reasons for LSC
can be guide catheter induced deformation of a stent at
osteal or proximal lesions and a compression by un-in-
flated balloon or IVUS catheter™. In both of our cases,
the stent got stuck up in calcified RCA lesion, and during
attempted withdrawal of stent in guide catheter, it got
longitudinally compressed at proximal end by catheter
tip. A guide catheter induced compression was the reason
for stent deformation in all the three reported cases by
Hanratty e a/”. We personally feel that a better plaque
modification in a calcified/hard lesion is mandatory prior
to stent deployment to avoid such complication. Proper
handling and a resistance free passage of various cath-
eters across the stented segment can prevent LSC. The
treatment of LSC includes dilatation of deformed seg-
ment with adequate size non-compliant balloon and if
required another stent for favorable end results™. In both
the cases, we had favorable outcome after non-compliant
balloon dilatation and without putting an additional stent
at deformed site. Though, fluoroscopy has a limited value
in comparison to IVUS or OCT for diagnosis of mal-
apposition of deformed stent segment, we did not per-
form it in both the cases. Willims ez 2/* have reported a
case of stent thrombosis following LSC at mid LAD. The
reasons for death of 2" index case were multi-factorial
including upper gastro-intestinal bleed, hypotension sec-
ondary to blood loss, ischemic heart failure, and recurrent
ventricular tachycardia; however a possible acute stent
thrombosis of RCA could not be ruled out.

In conclusion, LSC is a rare phenomenon, which is
observed with most of newer thin-strut DES. PROMUS
Element having a 2-link offset peak-to-peak stent design
is more prone to longitudinal compression in comparison
to other stents. A meticulous PCI technique with proper
handling of various catheters across the ostio-proximal
lesions and stented segment is important to avoid such
complication. A timely recognition with available imaging
modality such as fluoroscopy, IVUS or OCT and an ap-
propriate treatment is essential to avoid unfavorable clini-
cal outcome.
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