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ABSTRACT

Background: Aim of this study is to determine the
impact of atrial septal aneurysm on atrial
electrophysiology in pregnancy by the investigation
of P-wave duration and P-wave dispersion on
electrocardiography.

Method: This study includes 98 pregnant women,
divided in two groups according to presence of
atrial septal aneurysm (ASA) (n=48 ASA positive
group, n=50 ASA negative group). P-wave
dispersion was calculated by using the 12-lead
electrocardiogram with a speed of 50 mm/sec for

each participant. Cardiac functions and morphology

Kabul Tarihi / Accepted: 9.08.2019

of the aneurysm were measured using conventional
echocardiography. ASA was defined if the
excursion of the septum primum into the left/right
atriums exceeded 10 mm or the total excursion
distance was more than 15 mm.

Results: Demographic and clinical findings were
similar between ASA positive group and ASA
negative group, there was no significant difference.
Compared to the ASA negative group, pregnant
women with ASA showed significantly longer
maximum P wave dispersion (PWD) (54.10+12.42
ms vs. 37,42+14,27 ms , p = 0.0001). Similarly, the

maximum duration of the P wave (Pmax) in the
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ASA positive group was significantly longer than
the ASA negative group (118,35+11,41 ms vs.
110,54+9,452 ms , p=0,0004). P wave dispersion
and Pmax were not correlated with age, gravida,
parity, gestational week, body mass index or M
mode Echocardiographic parameters.

Discussion: In this study, it was shown that P-wave
dispersion is prolonged in preghant women with

atrial septal aneurysm. PWD may be a pre-

OZET

Amag: Bu calismanin amaci elektrokardiyografide
P-dalga siiresi ve P-dalga dispersiyonunu
inceleyerek; atriyal septal anevrizmanin gebelikte
atriyal  elektrofizyoloji  iizerindeki  etkisini,
saptamaktir.

Yontem: Caligma;Atrial septal anevrizma (ASA)
varligma goére 2 gruba ayrilan 98 gebe
icermektedir.(n=48 ASA pozitif grup, n=50 ASA
negatif grup). P-dalgas: dispersiyonu, her katilimci
icin 50 mm/sn hizinda 12  elektrotlu
elektrokardiyogram kullanilarak hesaplandi.
Kardiyak fonksiyonlar ve anevrizmanin morfolojisi,
geleneksel ekokardiyografi kullanilarak o6l¢iildi.
ASA, septum primumun sol/sag atriyumlarin igine
10 mm’nin tizerinde yer degistirmesi veya toplam
yer degistirme hareketinin 15 mm'den fazla olmasi
olarak tanimland.

Bulgular: Demografik ve klinik bulgular ASA

pozitif grup ile ASA negatif grup arasinda benzerdi,

determinative for atrial structural anomalies or
atrial arrhythmias in pregnancy and this non
invasive method should be used to predict cardiac
risk at the beginning of pregnancy.

Key Words: Pregnancy, atrial septal aneurysm, P

wave dispersion

anlamli fark yoktu. ASA negatif gruba kiyasla,
ASA’l1 gebelerde anlamli olarak daha uzun P dalga
dispersiyonu  gorildi.  (54.10£12.42 ms vs.
37,42+14,27 ms , p = 0.0001). Benzer sekilde, ASA
pozitif grubundaki P dalgasinin (Pmax) maksimum
siiresi ASA negatif grubundan anlamli olarak daha
uzundu.(118,35+11,41 ms vs. 110,549,452 ms ,
p=0,0004). P wave dispersion and

Pmax; yas, gravida, parite, gebelik haftasi, viicut
kitle indeksi veya M modu Ekokardiyografik
parametrelerle korele degildi.

Sonu¢: Bu calismada, atriyal septal anevrizmasi
olan gebelerde P dalgast dispersiyonunun uzadigt
gosterilmistir.PDD,  gebelikte atriyal  yapisal
anomaliler veya atriyal aritmiler igin bir 6n
belirleyici olabilir ve bu non-invaziv yontem,
gebeligin baslangicinda kardiyak riskini tahmin
etmek i¢in kullanilmalidir.

Anahtar Kelimeler: Gebelik, atrial septal

anevrizma, P dalga dispersiyonu

INTRODUCTION: An atrial septal aneurysm (ASA) is a localized or generalized deformity

of the interatrial septum (IAS). Generally it occurs at the level of fossa ovalis but rarely it may

involve entire atrial septum which bulges into the right or left atrium or both.! Prevalence of

ASA varies in literature but Transtorasic Echocardiography (TTE ) studies estimated the rates

between 0.08% and 1.2%.? In a large autopsy series, the prevalence of ASA was reported as

1%.2 ASA is often associated with other atrial septal abnormalities, particularly with atrial
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septal defect type ostium secundum or patent foramen ovale.* Association between ASA and
atrial tachyarrhythmias has been suggested in previous studies.’ Despite of its clinical
importance, there were no clear guidelines about management and follow up of ASA among
pregnant women. Although ASA is mainly congenital, clinical symptoms of ASA such as
dyspnoea, palpitation, angina or thromboembolic accidents appear during the second or third
decades of patients’ lives.® However, pregnancy is associated with a marked plasma volume
expansion and cardiac output increase, which significantly loads the cardiovascular system.
The physiologic adaptations of pregnant females to these hemodynamic loading include
increasing both heart rate and stroke volume and fall in vascular resistance and blood
pressure.” Because of dyspnoea, palpitation and limitation in effort capacity are common
complaints of pregnant women, diagnosis of ASA is disingenuous with pregnancy as its
clinical picture is similar to a wide range of normal pregnancy complaints. Otherwise, routine
cardiac screening is not recommended for all pregnant women, so it is difficult to reveal
presence of ASA among pregnant women according to suspect of clinical symptoms.

Electrocardiography (ECG) is an important tool to evaluate cardiovascular complications
during pregnancy. P-wave dispersion (PWD), which is the difference between the smallest
and the largest P-wave lengths,. is an accurate and sensitive marker to evaluate atrial
electrophysiology on ECG and a non-invasive indicator of atrial arrhythmogenicity.2 An
increase in PWD is assumed to be associated with heterogeneity in atrial conduction and
therefore increases the occurrence and recurrence risk of atrial arrhythmia.® Since it is easy to
apply, cheap and accessible, It may be a good tool to evaluate the risk of atrial arrhythmia in
patients with atrial septal aneurysm among pregnant women. As a contribution to the
development of new strategies about management and follow up of ASA during pregnancy, in
this study it was aimed to show the impact of ASA on atrial electrophysiology in pregnancy
with the evaluation of P wave dispersion on ECG and thus to anticipate clinical risks of ASA

during pregnancy.

MATERIAL AND METHOD: This was a single center study conducted over a period of six
months from March 2017 to September 2017 by the department of Cardiology at a tertiary
deliver center, Ankara, Turkey. First trimester pregnant women of aged 17 to 42 years,
referred to Cardiology Department were included in the study. Written and verbal consents

were obtained from all patients. The study protocol was approved by local institutional ethics
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committee (Ethics Committee number:46). All patients’ medical history, demographic
features (age, gravida, parity, gestational week, Body Mass Index (BMI) ) and heart rate were
recorded at the first admission. Patients with a history of chronic systemic disease,
cardiovascular disease and/or a family history of early onset cardiovascular disease, anemia,
multiple pregnancies were excluded from the study. Cases with high-risk pregnancy were
additionally excluded from the study. ECG and TTE were performed for all included
pregnant.
After the evaluation according to the exclusion criteria, 48 pregnant with ASA remained for
further analysis . Fifty- age- matched individuals who had normal echocardiographic findings
were randomly selected from the same echocardiography database as the control group. A
total of 98 pregnant women who met inclusion criteria were enrolled to the study. They were
divided into 2 groups according to presence of ASA. (n=48 ASA positive group , n=50 ASA
negative group).
Following 10 minutes of rest, each participant underwent a surface- resting 12-lead ECG in
the supine position, conducted at a speed of 50 mm/sec with an amplitude of 1 mV/cm
(Montara Instrument EU 250 Electrocardiograph, Milwaukee, WI, USA). The ECG
recordings were scanned with a high-resolution scanner (Scanjet 8200 flatbed scanner,
Hewlett Packard, Houston, Texas, USA). All ECG recordings were transferred to a computer
and ECG recordings was undertaken using digital calipers by EP Callipers, version 2.12 (EP
Studios Inc. 2015-2019). The starting point of the first positive wave moving in an upward
direction or the first negative wave moving in a downward direction that could be observed
from the isoelectric line was considered the origin of the P-wave. The turning point of the
wave toward the isoelectric line was considered the end of the P-wave. P wave dispersion
(PWD ) was calculated with the measured values of the longest (Pmax) and shortest (Pmin) P-
waves in any lead of the 12-lead ECG (PWD = Pmax — Pmin)."* Moreover, to minimize the
measurement errors, analyses of ECG parameters (Pmin, Pmax and PWD) were performed in
duplicate on two separate days.
Echocardiographic examination of the patients in both groups was performed in the left lateral
decubit position using a TTE (Vivid S5 System, GE Health-care, USA). All measurements
were performed by the same cardiologist. Parasternal long-axis, short-axis, and apical 4-
chamber and 2-chamber images were obtained and evaluated using M-mode, 2-D, continuous

wave Doppler, pulse wave Doppler, and tissue Doppler methods according to American
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Echocardiography Society criteria. The existence of aneurysmatic excursion of the interatrial
septum and the presence of other associated cardiac lesions were evaluated. As reported by
Agmon et al,> ASA was defined if the excursion of the septum primum into the left/right
atriums exceeded 10 mm or the total excursion distance was more than 15 mm. Left
ventricular ejection fraction was provided using Teichholtz in M-mode echocardiography.
The pulsed Doppler sampling volume was placed between the tips of the mitral valve leaflets
to obtain maximum filling velocities. Early diastolic flow (E), atrial contraction signal (A) and
E deceleration time (DT) were measured. Isovolumetric relaxation time (IVRT) was
determined as the interval between the end of the aortic outflow and the start of the mitral
inflow signal.

Statistical analysis was carried out with JMP®, Version 12.0. (SAS Institute Inc., Cary, NC,
1989-2019). All the values are expressed as mean +standard deviation. Shapiro-Wilk W test
was performed to test normality of of data. Differences between independent groups were
assessed by t-tests for normally distributed data and Wilcoxon Rank Sum test was used for
non-normal distributions. Using Pearson correlation analysis, the relationship between P wave
variables and clinical and echocardiographic variables were assessed. P-values less than 0.05
were considered significant for all statistical tests.

RESULTS: The demographic features of study population are shown in Table 1. There were
no statistically significant differences between the ASA positive group and controls with
respect to age, gravida, parity, gestational week, weight, height, heart rate, BMI. However;
LVEDD, RAEDD, RVEDD were higher in ASA positive group compared to ASA negative
group but they were in normal range for both group (p=0,029, p=0,0008, p=0,0018) (Table 2)
All participants were in sinus rhythm. Compared to the ASA negative group, pregnant with
ASA showed significantly longer maximum P wave duration (PWD) (54,10 £12.42ms vs.
37,42 £14,27 ms, p = 0,0001). Similarly, the maximum duration of the P wave (Pmax) in the
ASA positive group was significantly longer compared with ASA negative group
(118,35+11,41ms vs 110,54+9,452 ms , p=0,0004).

In correlation analysis; it was seen that P wave dispersion and Pmax were not correlated with

age, gravida , parity, gestational week, BMI or M mode echocardiographic parameters.
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Table 1: Comparison of P wave variables for ASA positive group versus ASA negative group

ASA NEGATIVE (n=50)ASA POSITIVE (n=48)
Parameter P value
Mean =+ Std Dev Mean = Std Dev
Age, years 26,47 + 6,40 26,83 £ 5,75 NS
G,n 2,04+1,12 2,34 +1,38 NS
P,n 0,76 = 0,90 0,98 +1,00 NS
Gestational Age, weeks 7,66 +£1,51 7,02 +1,44 NS
BMI, kg/m2 23,93 £4,62 24,66 + 3,16 NS
LVEF, % 67,55+ 2,01 67,72 + 2,06 NS
E, m/s 0,98 +0,12 1,01+0,14 NS
A, m/s 0,75+0,10 0,78+ 0,11 NS
IVRZ, ms 78,40 + 13,45 75,19 + 17,35 NS
LVEDD, cm 4,21+0,35 4,38 £ 0,26 <0,05
RAEDD, cm 2,86 + 0,30 3,06 + 0,38 <0,001
RVEDD, cm 2,03+ 0,24 2,18 +0,19 <0,01
LAEDD, cm 2,78 £0,38 2,90+ 0,36 NS
HR, bpm 77,50+ 7,33 76,94 + 12,97 NS

NS Not significant (p>0.05); G Gravida, P parity , , BMI Body mass index, LVEF left ventricul ejection fraction,
LVEDD Left ventricular end-diastolic diamater, LVEF Left
ventricular ejection fraction, RVEDDD Right ventricular end-diastolic diamater, ,HR Heart rate, RAEDDD

LAEDD Left atrium end diastolic diamater |,

Right atrial end diastolic diamater, IVRT: Isovolumetric relaxation time. E Early diastolic flow, A Atrial

contraction signal.
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Table 2: Clinical and echocardiographic features of atrial septal aneurysm patients and

controls
Paramete ASA NEGATIVE (n=50) ASA POSITIVE (n=48)

r Mean =+ Std Dev Mean =+ Std Dev P value
Pmax, ms 110,54 + 9,45 118,35 +11,41 <0,001
Pmin, ms 73,12 + 10,99 64,25+ 7,01 <0,0001
PWD, ms 37,42 + 14,27 54,1+12,42 <0,0001

Pmax: Maximum P wave duration, Pmin: Minimum P wave duration, PWD: P wave dispersion.

DISCUSSION: Physiological changes in pregnancy such as increase in maternal
intravascular and extravascular fluid volumes, atrial and ventricular size, adrenergic
responsiveness and elevation in hormonal levels (Estrogen and progesterone levels) affects
the mechanism of arrhythmogenesis.'® These changes alter the electrophysiologic properties
of the myocardium, thus promote arrhythmogenesis."* Common complaints of pregnant
women such as dyspnoea, palpitation and limitation in effort capacity are also result of these
physiological changes. Signs and symptoms of pregnancy can mimic heart diseases so that it
may be difficult to suspect a cardiovascular disease in pregnancy and it poses a particular
problem especially in pregnant women, in whom the diagnosis is often delayed or missed.
Therefore, observation of the clinical predictors for maternal CVD risk at the beginning of
pregnancy gains importance. The California Pregnancy-Associated Maternal Morbidity and
Mortality Committee Cardiovascular Disease in Pregnancy and Postpartum Task Force
suggest an algorithm that includes an overview of clinical assessment and management
strategies based on risk factors, presentation signs and symptoms, vital sign abnormalities,
and physical examination findings.*? To diagnose CVD, cardiac screening to pregnant women
with high clinical risk factors was advised in this Task Force. Routine cardiac screening
during pregnancy is not recommended in the guidelines, however early diagnosis of
cardiovascular disease is important for decreasing maternal morbidity and mortality. In this
study, we aimed to analyse the effect of ASA on ECG by using PWD , thus we investigated
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whether PWD as a non invasive and cheap method could be a pre-determinative for atrial
structural anomalies or atrial arrhythmia in pregnancy. P-wave dispersion is a non-invasive
technique providing a risk estimation for atrial arrhythmia. Although there are many studies
on the relationship between ASA and cardiac arrhythmia in adult patients, to the best of our
knowledge, the present study is the first in pregnant women with ASA.

ASA increases the risk of maternal morbidities as atrial arrhythmias, systemic embolism and
myocardial dysfunction up to heart failure.® The prevalence of supraventricular arrhythmia
has been reported to be 40%, atrial fibrillation (18%), atrial flutter (4%), atrioventricular
nodal re-entrant tachycardia (8%), and miscellaneous (18%) in adult patients with atrial
ASA.* There are some studies in the literature about the proarrhythmia mechanism of ASA.
Russo at all, showed that the echocardiographic atrial electromechanic delay (AEMD) indices
(intra-left and inter-AEMD) was significantly increased in healthy ASA subjects.** The
heterogeneity of atrial geometry caused by ASA may lead to changes in electrophysiological
dynamics of the atrial myocardium. Morelli, claimed that re-entry mechanism could be
dependent on an electro anatomical barrier and/or different electrophysiological properties
between ASA and the remaining atrial septum."® Despite of the clinical importance of ASA,
in the literature there were no clear guidelines about management of such condition during
pregnancy. Diagnosis of ASA may be missed in pregnancy as its clinical picture is similar to a
wide range of normal pregnancy complaints. Therefore, it is important to determine predictive
parameters in terms of cardiac disorder at the begining of pregnancy. Some parameters
obtained from surface electrocardiography (ECG) recordings are used for determining
patients at risk for the development of atrial arrhythmias. Among these parameters, PWD is
the most frequently used parameter in clinical cardiology. PWD is an electrocardiographic
marker associated with a nonhomogeneous and discontinuous distribution of the sinus
impulse.® In addition, PWD is accepted as a marker of prolonged interatrial and intraatrial
conduction times and atrial arhytmias.? In previous studies, Association between ASA and
atrial tachyarrhythmias has been suggested.” Janion and Kurzawski showed that P-wave
dispersion was higher in interatrial septal aneurysm patients than in the control subjects and it
is believed that this may be related to the more frequent occurrence of atrial arrhythmia in
these patients.*®

In the present study; we have demonstrated that PWD, which is a non-invasive technique

providing an estimation for the risk of atrial arrhythmia, was significantly longer in pregnant
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women with ASA than the control subjects. PWD may be a predictor of structural atrial
anomaly or atrial arrhythmia so we suggest that more attention should be paid to the
evaluation of electrocardiographic findings in all pregnant women and PWD should be
utilized as a non invasive method to identify pregnant women with structural heart disease
and at risk of atrial arrhythmia. At least, pregnant women with prolonged PWD should be
taken under detailed cardiac examination even if they don’t have any other clinical risk factor
or cardiac symptom. This finding would contribute to the improvement of the follow up

strategy during pregnancy.

CONCLUSIONS: Consistent with other studies demonstrating the relationship between
arrhythmia and ASA, this study indicated that the PWD and max P-wave duration were
prolonged in pregnant women with ASA. As a result of our study, PWD which is a non-
invasive, cheap, accessible and simple technique may be a pre-determinative for atrial
structural anomalies or atrial arrytmias in pregnancy and this non invasive method should be

used to predict pregnant women with cardiac risk at the beginning of pregnancy.

Declaration of Interest: The author declares no conflicts of interest.

281




Bozkaya et al. mvestigation Of The Relationship Between P Wave Dispersion And Atrial Septal
Aneurysm In Pregnancy. Journal of Human Rhythm 2019;5(3):273-282.

JO URNAL OF
UIVIAN RHYTHIVI

REFERENCES:

1. Hanley PC, Tajik AJ, Hynes JK, Edwards WD, Reeder GS,
Hagler DJ, et al. Diagnosis and classification of atrial septal
aneurysm by two-dimensional echocardiography: report of 80
consecutive cases. J Am Coll Cardiol. 1985;6(6):1370-82.

2. Katayama H, Mitamura H, Mitani K, Nakagawa S, Ui S,
Kimura M. Incidence of atrial septal aneurysm:
echocardiographic and pathologic analysis. J Cardiol. 1990.
20(2): p. 411-21.

3. Silver, M.D. and J.S. Dorsey. Aneurysms of the septum
primum in adults. Arch Pathol Lab Med. 1978. 102(2): p. 62-5.
579965

4. Bakalli A, Kamberi L, Pllana E, Gashi A. Atrial septal
aneurysm  associated  with  additional  cardiovascular
comorbidities in two middle age female patients with ECG signs
of right bundle branch block: two case reports. Cases J. 2008 Jul
19;1(1):51

5. Ong LS, Nanda NC, Falkoff MD, Barold SS. Interatrial
septum aneurysm, systolic click and atrial tachyarrhythmia’s-a
new syndrome?. Ultrasound Biol. 1982;8:691-3

6. Chen Y, Mou Y, Jiang LJ, Hu SJ. Congenital giant left atrial
appendage aneurysm: a case report. J Cardiothorac Surg. 2017
Mar 16;12(1):15

7. Clapp, J.F., 3rd and E. Capeless. Cardiovascular function
before, during, and after the first and subsequent pregnancies.
Am J Cardiol. 1997. 80(11): p. 1469-73.

8. Dilaveris PE, Gialafos EJ, Sideris SK, Theopistou AM,
Andikopoulos  GK, Kyriakidis M, et al. Simple
electrocardiographic markers for the prediction of paroxysmal
idiopathic atrial fibrillation. Am Heart J. 1998. 135(5 Pt 1): p.
733-8.

9. Centurion OA. Clinical implications of the P wave duration
and dispersion: relationship between atrial conduction defects
and abnormally prolonged and fractionated atrial endocardial
electrograms. Int J Cardiol. 2009. 134(1): p. 6-8.

10. Campos O. Doppler echocardiography during pregnancy:
Physiological and abnormal findings. Echocardiography 1996;
13: 135-46.

11. Thomas Adam Burkart, William M. Miles, Jamie Beth Conti.
Principles of Arrhythmia Management During Pregnancy.
Cardiovascular Innovations and Applications Vol. 1 No. 2
(2016) 143-155.

12. Hameed AB, Lawton ES, McCain CL, Morton CH, Mitchell
C, Main EK, et al. Pregnancy-related cardiovascular deaths in
California: beyond peripartum cardiomyopathy. Am J Obstet
Gynecol. 2015;213(3):379 e1-10.].

13. Deveci OS, Aytemir K, Okutucu S, Tulumen E, Aksoy
H, Kaya EB, et al. Evaluation of the relationship between atrial
septal aneurysm and cardiac arrhythmias via P-wave dispersion
and signal-averaged P-wave duration. Ann Noninvasive
Electrocardiol. 2010 Apr;15(2):157-64.

14. Russo V,Rago A,Di Meo F,Papa AA, Ciardiello
C,Cristiano  A,et al.  Atrial Septal Aneurysms  and
Supraventricular Arrhythmias: The Role
of Atrial Electromechanical Delay. Echocardiography. 2015
Oct;32(10):1504-14.

15. Morelli S, Voci P, Morabito G, Sgreccia A, De Marzio P,
Giordano M. Atrial septal aneurysm and cardiac arrhythmias.
International Journal of Cardiology 1995 May;49(3):257-65.

16. Janion M, Kurzawski J. Atrial fibrillation in patients with
atrial septal aneurysm. Cardiol J. 2007;14(6):580-4.

282



https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28302138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28302138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=28302138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=28302138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deveci%20OS%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aytemir%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okutucu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tulumen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksoy%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksoy%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaya%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evranos%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=20522057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Russo%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25735318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rago%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25735318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Meo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25735318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papa%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25735318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ciardiello%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25735318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ciardiello%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25735318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cristiano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25735318
https://www.ncbi.nlm.nih.gov/pubmed/25735318
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janion%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18651525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurzawski%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18651525
https://www.ncbi.nlm.nih.gov/pubmed/?term=18651525

