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Abstract
AIM: To clarify whether the vasoconstrictory response 
is impaired and to study vascular function in patients 
with migraine during the headache attack.

METHODS: We studied vascular reactivity in the re-
sistance arteries by using the forearm perfusion tech-
nique associated with plethysmography. We measured 
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forearm blood flow by strain-gauge plethysmography 
during intra-brachial infusion of acetylcholine, sodium 
nitroprusside or norepinephrine in 11 controls and 13 
patients with migraine, 11 of them (M) in the interval 
between the migraine attacks and 4 during a headache 
attack (MH). Written informed consent was obtained 
from patients and healthy controls, and the study was 
approved by the Ethics Committee of the University 
Federico Ⅱ.

RESULTS: Compared to healthy control subjects, in 
patients with migraine studied during the interictal 
period, the vasodilating effect of acetylcholine, that 
acts through the stimulation of endothelial cells and 
the release of nitric oxide, was markedly reduced, but 
became normal during the headache attack (P  < 0.05 
by analysis of variance). The response to nitroprusside, 
which directly relaxes vascular smooth muscle cells 
(VSMCs), was depressed in patients with migraine stud-
ied during the interictal period, but normal during the 
headache attack (P  < 0.005). During norepinephrine 
infusion, forearm blood flow decreased in control sub-
jects (-40% ± 5%, P  < 0.001). In contrast, in patients 
with migraine, either when studied during or free of 
the headache attack forearm blood flow did not change 
compared to the baseline value (-3% ± 13% and 
-10.4% ± 15%, P  > 0.05). 

CONCLUSION: In migrainers, the impaired relaxation 
of VSMCs is restored during the headache attack. The 
vasoconstrictory response is impaired and remains un-
changed during the migraine attack.

© 2013 Baishideng. All rights reserved.

Key words: Migraine; Nitric oxide; Endothelium; Vascu-
lar smooth muscle cells

Core tip: Patients with migraine without aura studied in 
the interictal period are characterized by impaired abil-

375



ity of vascular smooth muscle cells (VSMCs) to relax in 
response to nitric oxide and to contract in response to 
norepinephrine. We hypothesize that the two defects 
compensate for each other and this provides for the 
maintenance of normal vascular resistance and blood 
pressure homeostasis. In contrast, during the headache 
attack, the VSMCs regain their ability to respond to ni-
tric oxide, but remain unresponsive to norepinephrine. 
Such differential effect of the migraine attack is not sur-
prising, given that nitric oxide and norepinephrine acti-
vate different intracellular signaling pathways in VSMCs.

Napoli R, Guardasole V, Zarra E, De Sena A, Saccà F, Ruvolo A, 
Grassi S, Giugliano S, De Michele G, Cittadini A, Carrieri PB, 
Saccà L. Migraine attack restores the response of vascular smooth 
muscle cells to nitric oxide but not to norepinephrine. World J 
Cardiol 2013; 5(10): 375-381  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v5/i10/375.htm  DOI: http://dx.doi.
org/10.4330/wjc.v5.i10.375

INTRODUCTION
Migraine is a widely common disease. Two thirds of  
migraineurs suffer from migraine without aura, whereas 
a third of  patients present with migraine preceded by 
aura. Migraine has been associated with an increased risk 
of  cardiovascular events, including myocardial infarc-
tion and ischemic stroke[1-3]. However, we have recently 
demonstrated that patients with migraine without aura, 
studied during the interictal period, do not present pe-
ripheral endothelial dysfunction, which is classically asso-
ciated with a worse cardiovascular risk profile, but rather 
an abnormal relaxation of  the vascular smooth muscle 
cells (VSMCs), that results in impaired vasodilation[4,5]. 
However, it is unclear whether the inability of  VSMCs 
to respond to vasodilators is an isolated abnormality or, 
rather, reflects a more complex hemodynamic alteration, 
also involving the vasoconstrictory component. Further-
more, the peripheral vascular function in patients with 
migraine has been studied mainly during the interictal 
period. Therefore, whether the abnormalities in vascular 
function observed in patients with migraine are also pres-
ent during the headache attack is unknown. Elucidation 
of  the vascular response in patients with migraine both 
free of  and during the headache episode would be of  
great importance to our understanding of  the mecha-
nisms involved in the pathogenesis of  the disease and to 
better design appropriate therapeutic approaches.

MATERIALS AND METHODS
Patients
We studied 13 patients affected by migraine without 
aura and eleven healthy subjects in whom migraine was 
excluded, who served as controls (Table 1). The control 
subjects (C group) were recruited from hospital and labo-
ratory personnel and were matched to the patients with 

regard to age, body mass index and sex. The diagnosis 
of  migraine was made according to the criteria of  the In-
ternational Headache Society[6,7]. Subjects with hyperten-
sion, diabetes, high cholesterol, history of  cardiovascular 
events and cigarette smoking were excluded from the 
study. None of  the patients was taking any medication 
except those to treat the migraine attack. On the day 
of  study, patients were either headache free for at least 
five days (11 subjects, M group) or were experiencing a 
headache attack that had started a few hours earlier (4 pa-
tients, MH group). These patients abstained from taking 
any medication until the end of  the study period. Two 
patients underwent both studies (free of  or during the 
headache attack). Written informed consent was obtained 
from patients and healthy controls, and the study was ap-
proved by the Ethics Committee of  the University Fed-
erico Ⅱ. This research received no specific grant from 
any funding agency in the public, commercial, or not-for-
profit sectors. 

Vascular reactivity
We studied vascular reactivity in the resistance arteries by 
using the forearm perfusion technique associated with 
plethysmography, as previously described[4,8-11]. Briefly, 
a plastic cannula (20 G) was inserted into the brachial 
artery of  the nondominant arm under local anesthesia 
and used for the infusion of  the test substances and the 
monitoring of  arterial blood pressure and heart rate. 
Forearm blood flow (FBF) was measured in both fore-
arms by strain gauge plethysmography, with a calibrated 
mercury-in-silastic strain gauge applied around the fore-
arm and connected to a plethysmography (Hokanson 045 
EC4, PMS. Instruments, Berks, United kingdom) associ-
ated with a McLab computer. Each subject underwent 
the following step-wise infusions into the brachial artery: 
(1) acetylcholine (Ach) to assess endothelial-mediated 
vasodilation; and (2) sodium nitroprusside (NP), a nitric 
oxide (NO) donor that directly stimulates VSMCs, to as-
sess non-endothelial-mediated vasodilation. At least half  
an hour after the NP infusion and when baseline FBF 
was restored, each subject received the infusion into the 
brachial artery of  norepinephrine (NE) at the rate of  
280 μg/L per minute for 5.5 min to assess the vascular 
response to sympathetic stimulation. This dose of  NE 
was chosen on the basis of  our previous experiments that 

Napoli R et al . Migraine and vascular reactivity

October 26, 2013|Volume 5|Issue 10|WJC|www.wjgnet.com 376

Sex 
(male/
female)

Age
(yr)

BMI
(kg/m2)

SBP
(mmHg)

DBP
(mmHg)

HR
(beats/min)

  Controls (n = 11) 5/6 33 ± 3.4 24 ± 0.8 127 ± 2.1 60 ± 1.8 65 ± 2
  M (n = 11) 4/7 34 ± 1.9 24 ± 1.1 125 ± 3.3 65 ± 2.6 68 ± 3
  MH (n = 4) 0/4 28 ± 3.9 24 ± 0.9 115 ± 4.2 60 ± 1.8 68 ± 2

Table 1  Baseline clinical characteristics of the subjects 
studied (mean ± SE)

The patients with migraine were studied during the interictal period (group 
M) or the headache attack (group MH). BMI: Body mass index; SBP: Sys-
tolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate.



showed a near half-maximal fall in FBF. The investiga-
tors making the measurements of  vascular reactivity were 
blind to the clinical status of  the subjects undergoing the 
experiments.

Calculations
Based on previously published data[4], we computed the 
minimum sample size with respect to a two-tailed Stu-
dent t test, considering: (1) a difference for the slope of  
the dose response curve to Ach to be detected between 
controls and migrainers as δ ≥ 0.25 mL/(dL·min·μg); 
(2) a value of  SD = 0.156 mL/(dL·min·μg); and (3) a 
type Ⅰ error probability = 0.05 and a power = 0.90. This 
results in a minimum sample size of  n = 9 subjects for 
group. Since no data are available in the literature regard-
ing the response to norepinephrine of  FBF in migrain-
ers, we decided to increase the number of  subjects to be 
recruited to 11 per group.

Statistical analysis
The differences in clinical and metabolic parameters 
between the three study groups were analyzed by the 
unpaired Student’s t test with Bonferroni correction for 
multiple comparisons. Vascular reactivity data are ex-
pressed as absolute values of  FBF. Comparison between 
migraine and control subjects was performed by a two-
way analysis of  variance for repeated measures (General 
Linear Model, version 13.0, SPSS Inc., Chicago, IL, Unit-
ed States) and Least Significant Difference test was used 
for post hoc analysis. Comparison between baseline and 
NE infusion data was performed by the paired Student’s t 
test. Results are expressed as mean ± SE.

RESULTS
The baseline values of  FBF were similar in the three 
groups (Figure 1). Infusion of  ACh, an endothelium-
dependent vasodilator, elicited a progressive vasodilatory 
response in all groups (P < 0.001). However, in patients 

with migraine studied during the interictal period, FBF re-
sponse was lower than that of  control subjects (P < 0.05). 
In contrast, patients studied during the headache attack 
showed a more intense response to Ach infusion (P < 0.02 
vs M; Figure 1). In response to the highest dose of  Ach, 
FBF rose to 19.6 ± 3.1, 8.8 ± 2.4, and 22.9 ± 2.2 mL/dL 
per minute in controls and migraine patients without or 
with headache attack, respectively (P = 0.036 for M group 
vs C and P < 0.02 vs MH). The response to ACh was also 
analyzed using the slope of  the dose-response curves. In 
the patients with migraine without headache the average 
slope was markedly less steep than in controls (0.11 ± 0.05 
and 0.31 ± 0.05 mL/(dL·min·μg), respectively; P = 0.03). 
In contrast, the slope of  the dose response curve to Ach 
in migraine patients during the headache attack was simi-
lar to controls (0.39 ± 0.04 mL/(dL·min·μg), P < 0.02 vs M, 
P = NS vs C).

The dose-response curve to NP, an NO donor direct-
ly acting on VSMCs, is shown in Figure 1. As compared 
with controls, patients with migraine without headache 
showed a significantly lower response at all infusion rates 
(P = 0.004 vs C). In contrast, patients with migraine dur-
ing the headache attack showed a response to NP similar 
to controls and markedly increased when compared to 
migrainers studied during the interictal period (P = NS 
vs C and P = 0.002 vs M). The maximal response of  FBF 
to NP was 22.2 ± 1.9, 12.8 ± 1.9 and 26.6 ± 3.8 mL/dL 
per minute in controls and migraine patients without or 
with headache attack, respectively (P < 0.02 for M group 
vs C and MH). The response to NP was also analyzed 
using the slope of  the dose-response curves. In the pa-
tients with migraine without headache the average slope 
was markedly less steep than in controls [1.05 ± 0.19 and 
1.96 ± 0.20 mL/(dL·min·μg), respectively; P < 0.01]. In 
contrast, the slope of  the dose response curve to NP in 
migraine patients during the headache attack was similar 
to controls [2.29 ± 0.29 mL/(dL·min·μg), P < 0.02 vs M, 
P > 0.05 vs C].

In Figure 2, we report the dose response curves to 
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Figure 1  Forearm blood flow response to infusion of acetylcholine or sodium nitroprusside into the brachial artery in patients with migraine during or free 
from headache, and control subjects. The patients with migraine were studied during the interictal period (group M) or the headache attack (group MH). Data (mean 
± SE) were analyzed by analysis of variance for repeated measures. P < 0.05 for the effect of migraine in the acetylcholine (Ach) test and P < 0.05 for the interaction 
between migraine and Ach. P < 0.005 for the effect of migraine in the nitroprusside test and P < 0.05 for the interaction between migraine and nitroprusside.
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Ach or NP infusions for the two patients who gave us 
a unique opportunity to study the phenomenon both 
during the interictal period and the headache attack. It is 
striking how potently the response to both Ach and NP 
was enhanced by the headache attack as compared with 
the basal response.

Figure 3 shows the data on the effect of  NE infusion. 
FBF was reduced by 1.19 ± 0.17 mL/dL per minute by 
NE infusion in C (-40% ± 6%, P = 0.001 vs baseline). In 

contrast, NE infusion was unable to elicit a vasoconstric-
tory response in migraine patients either when studied in 
the headache-free period or during the headache attack 
(-0.29 ± 0.23 and -0.66 ± 0.69 mL/dL per minute, ac-
counting for a reduction by 3% ± 13% and 10% ± 15% 
in M and MH, respectively; P > 0.05 vs baseline and P < 
0.05 vs C). 

DISCUSSION 
In the present study, we measured vascular reactivity in 
patients with migraine without aura either during the in-
terictal period or during a headache attack. We confirm 
our previous finding that patients with migraine studied 
in the interictal period suffer from impaired vasodilation 
in response to acetylcholine and sodium nitroprusside. 
Furthermore, we extend our observation to the vaso-
constrictory response to an adrenergic agonist and show 
that in these patients a defect in the response to NE also 
coexists. In addition, we studied a group of  patients with 
migraine during the headache attack. Under these cir-
cumstances, the marked defect in vasodilation completely 
reverted, as documented by the normal responses to Ach 
and NP. In contrast, the vasoconstrictory response to the 
sympathetic agonist NE remained blocked.

Although patients with migraine during the headache-
free period have a normal postural increase compared to 
control subjects, they are also characterized by a 50% re-
duction of  absolute circulating NE levels in both supine 
and orthostatic position[12-14], suggesting an abnormal 
regulation of  the sympathetic nervous system activity. 
Because in these patients NE intravenous administration 
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Figure 2  Individual forearm blood flow response to infusion of acetylcholine or sodium nitroprusside into the brachial artery in two patients with migraine 
studied during or free from headache. 
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Controls (n  = 11) M (n  = 1) MH (n  = 4)

Figure 3  Forearm blood flow response to infusion of norepinephrine at 
the rate of 280 μg/L per minute into the brachial artery in patients with 
migraine during or free from headache, and control subjects. The patients 
with migraine were studied during the interictal period (group M) or the head-
ache attack (group MH). Data (mean ± SE) were analyzed by paired t test vs 
baseline and unpaired t test among groups. bP < 0.01 vs baseline; cP < 0.05 vs 
controls.
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induces more prolonged elevation in blood pressure (BP) 
than in control subjects, an adrenergic receptor super-
sensitivity was invoked[12]. In addition, the observation 
of  greater and more prolonged BP response to phenyl-
ephrine led to the conclusion that an alpha-adrenergic 
receptor increased sensitivity was implicated[15]. However, 
it must be considered that the intravenous administra-
tion of  NE or phenylephrine does not trigger only the 
receptors localized in the vessel wall, but can potentially 
unleash more complex, systemic mechanisms. In addi-
tion, indirect data obtained by administering the beta-
blocker propranolol to patients with migraine, suggested 
that beta receptors distribution in the radial artery might 
be abnormal[16]. To the best of  our knowledge, the cur-
rent study is the only one in which NE is directly infused 
into the brachial artery in patients with migraine. The 
agonist was infused locally in very small amounts that 
were unable to induce systemic perturbations of  NE 
circulating levels, given its very short half-life. This is also 
supported by the lack of  any change in FBF of  the con-
tralateral arm in control subjects or in systemic BP (data 
not shown). Therefore, under the current circumstances, 
any confounding involvement of  indirect sympathetic 
mechanisms secondary to changes in circulating NE 
levels can be excluded, and the observed effects only 
reflect the direct action of  NE on the forearm resistance 
vessels. It must be also stressed that NE stimulates both 
the alpha-receptors (vasocostrictory response) and the 
beta-receptors (vasodilatory response). Therefore, the 
response to NE infusion represents the net balance of  
two opposite forces. In normal subjects, however, the 
vasoconstrictory response clearly prevails, whereas in 
patients with migraine the resistance vessels are unable 
to respond to the sympathetic agonist. We cannot dis-
sect whether the block of  the vasoconstrictory response 
in migraine patients is due to a relative reduction of  the 
NE effect through the alpha-receptors or an increase of  
the beta-receptor response or a combination of  the two. 
Unfortunately, no information is available in the literature 
regarding the adrenergic receptor relative distribution in 
the cell membranes of  peripheral arterial vessels.

Given the inability of  VSMCs to relax in response 
to endothelial NO in the interictal period, were the va-
soconstrictory ability of  NE intact rather than severely 
impaired, patients with migraine would experience con-
stantly raised vascular resistance and systemic hyperten-
sion. Therefore, the defective NE-induced vasoconstric-
tion observed in patients with migraine might represent 
a chronic hemodynamic adjustment to compensate for 
the reduced vasodilatory response to NO by the VSMCs. 
The hypothesis of  a compensatory down-regulation of  
the vasoconstrictory response of  VSMCs would be well 
in agreement with the generalized reduction of  sympa-
thetic nervous system activity previously reported in mi-
graine patients[12].

We have previously demonstrated the presence of  
impaired vascular reactivity in patients with migraine dur-
ing the interictal period, entirely attributable to VSMCs 

dysfunction[4,5]. The impaired vasodilatory response to 
Ach was associated with normal NO production by en-
dothelial cells. Moreover, the hemodynamic response 
to NP, a direct stimulator of  VSMCs, was markedly im-
paired. In the current study, we confirm the observation 
that in patients with migraine studied free from headache 
the response to Ach and NP is severely impaired. Data in 
the literature have provided divergent results, either when 
flow-mediated dilation or forearm perfusion technique 
associated with plethysmography or other approaches 
were used[17-23]. In previous studies, migraine patients 
have not been discriminated with regard to the presence 
of  aura and different vascular beds (micro- vs macro-
vascular and intra- vs extra-cranial) have been explored. 
The possibility exists that the two types of  migraine 
might be characterized by a different vascular reactivity. 
Accordingly, the cardiovascular risk profile of  the two 
types of  migraine appears to be different, suggesting that 
the intimate mechanism of  vascular function diverge and 
our findings lend support to the hypothesis that migraine 
without aura is not associated with dysfunction of  the 
endothelial cells potentially triggering atherosclerotic pro-
cesses[1,2,24-28].

In patients with migraine during the headache at-
tack, basal FBF was similar to that measured off  the pain 
attack and to that of  control subjects. In contrast, the 
impaired vasodilation in response to the infusion of  Ach 
and NP of  the interictal period was fully restored. Taken 
together, our data indicate that the patients with migraine 
in the interictal period have a reduced sensitivity of  their 
VSMCs to the NO released by the endothelial cells. In 
contrast, during the headache attack, the response to NO, 
as suggested by the NP infusion data, becomes similar 
to that measured in the controls, indicating a restored 
sensitivity of  VSMCs. We have previously demonstrated 
that during Ach infusion in patients with migraine dur-
ing the interictal period the release of  NO is normal and 
that endothelial function is intact[4,5]. Interestingly, when 
in previous studies systemic nitroglycerin, an NO donor, 
was administered to patients with migraine, an approach 
used to induce headache in migraine patients or to mea-
sure non-endothelial-mediated vasodilation, an increased 
sensitivity to NO was demonstrated in intra-and extra-
cranial vessels[19-25]. Further studies are necessary to clarify 
the intriguing issue about the mechanisms that come into 
play during the migraine attack to redirect VSMC sensi-
tivity towards normal.

Study limitations 
A potential limitation of  the current study is the small 
sample of  patients studied during the headache attack. 
The forearm perfusion technique requires the cannula-
tion of  the brachial artery and, in general, this approach 
precludes the possibility to study large patients groups. In 
addition, it is quite hard to perform a forearm study that 
lasts several hours in patients who during the headache 
attack abstain from taking analgesics for the potential 
drug impact on vascular reactivity.

October 26, 2013|Volume 5|Issue 10|WJC|www.wjgnet.com 379

Napoli R et al . Migraine and vascular reactivity



As compared with ultrasonographic techniques, such 
as the flow mediated dilation, the forearm technique 
bears much less variability. Indeed, the effects observed in 
our patients during the headache attack were very clear-
cut, providing solid statistics despite the small sample. A 
final consideration is that we studied patients with spon-
taneous headache attack. This is a point of  great strength 
of  our work, since confounding factors linked to experi-
mental stimuli used to trigger a headache attack were not 
operative.

In conclusion, patients with migraine without 
aura studied in the interictal period are characterized by 
VSMCs impaired ability to relax in response to NO and 
to contract in response to NE. We hypothesize that the 
two defects compensate for each other and this provides 
for the maintenance of  normal vascular resistance and 
blood pressure homeostasis. In contrast, during the head-
ache attack, due to mechanisms still unclear, the VSMCs 
regain their ability to respond to NO, but remain unre-
sponsive to NE. Such differential effect of  the migraine 
attack is not surprising, given that NO and NE activate 
different intracellular signaling pathways in VSMCs. 
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out aura, studied during the interictal period, do not present peripheral endothe-
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(VSMCs). It is unclear whether the inability of VSMCs to respond to vasodila-
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Abstract
AIM: To explore whether computer tomography coro-
nary angiography (CTCA) using iterative reconstruction 
(IR) leads to significant radiation dose reduction with-
out a significant loss in image interpretability compared 
to conventional filtered back projection (FBP). 

METHODS: A consecutive series of 200 patients re-
ferred to our institution to undergo CTCA constituted the 
study population. Patients were sequentially assigned 
to FBP or IR. All studies were acquired with a 256-slice 
CT scanner. A coronary segment was considered inter-
pretable if image quality was adequate for evaluation of 
coronary lesions in all segments ≥ 1.5 mm. 

RESULTS: The mean age was 56.3 ± 9.6 years and 
165 (83%) were male, with no significant differences 
between groups. Most scans were acquired using pro-
spective ECG triggering, without differences between 
groups (FBP 84% vs  IR 82%; P  = 0.71). A total of 3198 
(94%) coronary segments were deemed of diagnostic 
quality. The percent assessable coronary segments 
was similar between groups (FBP 91.7% ± 4.0% vs  IR 
92.5% ± 2.8%; P = 0.12). Radiation dose was signifi-
cantly lower in the IR group (2.8 ± 1.4 mSv vs  4.6 ± 3.0 
mSv; P  < 0.0001). Image noise (37.8 ± 1.4 HU vs  38.2 

± 2.4 HU; P  = 0.20) and signal density (461.7 ± 51.9 
HU vs  462.2 ± 51.2 HU; P  = 0.54) levels did not differ 
between FBP and IR groups, respectively. The IR group 
was associated to significant effective dose reductions, 
irrespective of the acquisition mode. 

CONCLUSION: Application of IR in CTCA preserves 
image interpretability despite a significant reduction in 
radiation dose. 

© 2013 Baishideng. All rights reserved.
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Core tip: A consecutive series of 200 patients referred 
to our institution to undergo computer tomography 
coronary angiography (CTCA) were sequentially as-
signed to filtered back projection (FBP) or iterative 
reconstruction (IR). The percent assessable coronary 
segment was similar between groups. Radiation dose 
was significantly lower in the IR group. Image noise 
and signal density levels did not differ between FBP and 
IR groups. The IR group was associated to significant 
effective dose reductions, irrespective of the acquisition 
mode. Our findings suggest that application of IR in 
CTCA preserves image interpretability despite a signifi-
cant reduction in radiation dose.
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phy (CTCA) has earned a role in diagnostic algorithms 
of  patients at intermediate risk of  coronary artery 
disease[1-3]. However, the high effective radiation dose 
related to CTCA scans remains a limitation and has 
been the foundation of  most of  the criticisms received. 
Indeed, the recently published Prospective Multicenter 
Study on Radiation Dose Estimates of  Cardiac CT 
Angiography Ⅰ and Ⅱ (PROTECTION Ⅰ and Ⅱ) re-
ported a wide range of  effective radiation doses accord-
ing to the acquisition technique, therefore encouraging 
the application of  dose reduction techniques such as 
prospective ECG-triggering, tube current modulation, 
and/or high pitch helical scanning[4,5] .

In the past few years, iterative reconstruction (IR), an 
alternative to conventional image reconstruction filtered 
back projection (FBP), has gained interest in order to 
attempt to attenuate the increase in image noise related 
to tube current modulation and low tube voltage ac-
quisitions[6]. IR has the ability to reduce image noise by 
iteratively comparing the images obtained to a modeled 
projection. Thus, it can be used to reconstruct images 
with similar image quality despite a significant reduction 
in tube current, resulting in a reduction in overall radia-
tion dose. This has particular interest in CTCA studies in 
order to attempt to overcome the main limitation of  the 
technique for cardiovascular purposes[7-11]. The aim of  
our investigation was to explore whether CTCA using IR 
can achieve a substantial effective dose reduction without 
a significant loss in image interpretability.

MATERIALS AND METHODS
The present was a single-centre, investigator-driven, obser-
vational, prospective study that aimed to explore whether 
IR of  CTCA scans leads to a significant radiation dose 
reduction without impairment of  image interpretability. 
For that purpose, a consecutive series of  patients referred 
to our institution to undergo CTCA constituted the study 
population. Patients were assigned to FBP or, sequentially, 
to IR. Inclusion criteria included adult patients (≥ 18 
years), without a history of  contrast related allergy, renal 
failure, or hemodynamic instability, that were referred to 
CTCA to exclude coronary artery disease. Baseline heart 
rate, arrhythmia, or body mass index did not impact the 
enrollment decision. Patients with pacemakers or im-
plantable devices were excluded. The institution’s Ethics 
Committee approved the study protocol, which complied 
with the Declaration of  Helsinki, and written informed 
consent was obtained from all patients.

CTCA acquisition
All studies were acquired with a 256-slice CT scanner 
(Philips Healthcare, Cleveland). Patients with a heart rate 
of  > 65 beats/min received 50 mg oral metoprolol one 
hour prior to the scan or 5 mg intravenous propralonol 
if  needed in order to achieve a target heart rate of  less 
than 60 bpm. A dual phase protocol with 70 mL of  io-
bitridol (Xenetix 350TM, Guerbet, France) followed by a 

50-mL saline flush was injected through an arm vein after 
administration of  0.4 mg of  sublingual nitroglycerin. A 
bolus tracking technique was used to synchronize the 
arrival of  contrast at the level of  the coronary arteries 
with the start of  the scan. Scanning parameters were as 
follows. Rotation time 270 ms; tube voltage in FBP with 
body mass index (BMI) < 25 kg/m2: 100 kV, BMI > 25 
kg/m2: 120 kV; tube voltage in IR with BMI < 20 kg/m2: 
80 kV, BMI 20-30 kg/m2: 100 kV, BMI > 30 kg/m2: 120 
kV. Tube current was adjusted according to the scan pro-
tocol and BMI (range 170-1200 mA). Prospective ECG-
triggering axial scanning was used when possible based 
on heart rate. ECG-based tube current modulation was 
performed for all helical studies. 

CTCA analysis
Image analysis and coronary segment interpretability were 
assessed by consensus of  two experienced level 3-certified 
coronary CTA physicians using dedicated software (Com-
prehensive Cardiac Analysis, Philips Healthcare) on a CT 
workstation (Brilliance Workspace, Philips Healthcare, 
Cleveland, OH, United States), blinded to the acquisition 
mode. A coronary segment was considered interpretable 
if  image quality was adequate for evaluation of  coronary 
lesions in all segments ≥ 1.5 mm.

Slice CT images were reconstructed preferably at end 
diastole using axial planes, multiplanar reconstructions, 
and maximum intensity projections at 1 mm slice thick-
ness. Image noise and signal density for both FBP and 
IR (iDoseTM, level 5, Philips Healthcare) reconstruction 
algorithms were evaluated. The signal density and noise 
were evaluated using standardized regions of  interest of  
10 mm2 within the aortic root at the level of  the left main 
coronary artery on axial images, being the signal density 
defined as the mean Hounsfield units and the signal 
noise as the mean standard deviation of  the signal den-
sity. Studies were evaluated using the previously reported 
17-segment model, and effective dose radiation estimates 
were calculated using the dose-length product[12].

Statistical analysis
Discrete variables are presented as counts and percent-
ages. Continuous variables are presented as mean ± SD, 
or median (25th, 75th percentile) for variables with non-
Gaussian distribution. Comparisons between groups 
were performed using independent Student’s t test, or χ 2 
tests as indicated. We explored correlations between con-
tinuous variables using Pearson correlation coefficients. 
A two-sided P value of  less than 0.05 indicated statistical 
significance. Statistical analyses were performed with the 
use of  SPSS software, version 13.0 (Chicago, IL, United 
States).

RESULTS
A consecutive series of  200 patients referred to undergo 
CTCA constituted the study population (FBP, n = 100) 
and (IR, n = 100). The mean age was 56.3 ± 9.6 years 
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and 165 (83%) were male, with no significant differences 
between groups. The mean heart rate was 58.3 ± 7.0 bpm 
for the FBP group and 58.2 ± 6.4 bpm for the IR group (P 
= 0.88). Patients assigned to IR had a significantly lower 
body mass index (26.3 ± 3.4 kg/m2 vs 27.2 ± 2.7 kg/m2; 
P = 0.03), despite both groups had similar proportion 
of  patients with BMI ≥ 30 kg/m2 (Table 1). Most scans 
were acquired using prospective ECG triggering, without 
difference between groups (FBP 84% vs IR 82%; P = 0.71).

A total of  3198 (94%) coronary segments were 
deemed of  good diagnostic quality. The percent of  as-
sessable coronary segments was similar between groups 
(FBP 91.7% ± 4.0% vs 92.5% ± 2.8%; P = 0.12). Im-
age noise (37.8 ± 1.4 HU vs 38.2 ± 2.4 HU; P = 0.20) and 
signal density (461.7 ± 51.9 HU vs 462.2 ± 51.2 HU; P = 
0.54) levels did not differ between FBP and IR groups, 
respectively. The median effective radiation dose was 3.35 
mSv (interquartile range 2.45-3.35). The IR group was as-
sociated to significant effective dose reductions, irrespec-
tive of  the acquisition mode (helical or axial). Prospective 
scans with IR exhibited the least radiation doses (Table 1). 

We found no significant relationships between radia-
tion dose and the percent of  interpretable segments (r 
= -0.01, P = 0.85). In turn, we found a significant, albeit 
weak, correlation between the effective radiation dose 
(mSv) and the signal to noise ratio (r = 0.25, P < 0.001), 
as well as between the mA and the signal to noise ratio (r 
= 0.31, P < 0.001).

DISCUSSION
In the past decade, CTCA has rapidly emerged as a 
non-invasive diagnostic tool with the ability to identify 

obstructive coronary disease, and has gained a role in dif-
ferent risk stratification and diagnostic algorithms. More-
over, it has demonstrated a significant prognostic value 
independent of  traditional risk factors and functional 
tests[13-17]. Notwithstanding, one of  the main challenges 
of  CTCA is the relatively high radiation dose related to 
the technique[18-20]. Several different strategies have been 
proposed in order to attempt to decrease effective radia-
tion dose, including tube modulation and prospective 
(axial) scanning[21-24]. One of  the latest developments 
aimed at lowering dose radiation is IR. 

The main finding of  our investigation was that com-
pared to conventional FBP, IR in CTCA preserved image 
interpretability despite a significant reduction in radia-
tion dose. Compared to FBP, IR achieved a 50% dose 
reduction in helical scans, and a 29% dose reduction in 
prospective scans, being these results within the range of  
previous findings in different populations[7]. Such signifi-
cant reduction might be attributed to the fact that more 
than half  of  the IR scans were performed using low volt-
age (80-100 kV), whereas within the FBP group only 5% 
of  the scans were performed using 100 kV. 

Tube current reduction with FBP, a commonly used 
dose reduction strategy, leads to an increment in image 
noise. In turn, IR consists in synthesized projection data 
that are compared to real data in an iterative manner, 
resulting in a significant reduction of  image noise[6]. By 
reducing image noise, IR allows tube current reduction 
and, consequently, effective dose reduction. This explains 
the significantly larger dose reduction in helical compared 
to axial scans using IR. 

A number of  limitations must be recognized. Despite 
patients were sequentially assigned to FBP or IR, ran-
domization was not performed, leading to an expected 
significantly higher body mass index of  FBP patients, al-
though it should be stressed that no significant differenc-
es were observed regarding the number of  obese patients 
(BMI ≥ 30 kg/m2). Furthermore, coronary angiography 
was not performed in order to evaluate the diagnostic ac-
curacy of  each technique; therefore our results should do 
not allow making assumptions in this regard and should 
be limited to the image interpretability. 

Application of  IR in CTCA preserves image inter-
pretability despite a significant reduction in radiation 
dose, being this mainly attributed to the use of  lower 
voltage scans. 
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FBP IR P  value

  Age (yr)  55.6 ± 9.1    56.0 ± 10.1 0.67
  Male        85 (85)        80 (80) 0.35
  Body mass index (kg/m2)  27.2 ± 2.7  26.3 ± 3.4 0.03
  Body mass index ≥ 30      15 (15)        13 (13) 0.68
  Heart rate (bpm)  58.3 ± 7.0  58.2 ± 6.4 0.88
  Acquisition technique
     Prospective (axial)        84 (84)        82 (82) 0.71
     Retrospective (helical)        16 (16)        18 (18)
     Tube voltage (kV)      119.0 ± 4.4  109.0 ± 10.4  < 0.0001
     Percent 80-100 kV         5 (5)        54 (54)  < 0.0001
     mAs in prospective  203.1 ± 15.4  195.7 ± 26.8  < 0.0001
     mAs in helical    943.2 ± 119.5    870.1 ± 122.8  < 0.0001
  Radiation dose (mSv)
     Total    4.6 ± 3.0    2.8 ± 1.4  < 0.0001
     Prospective (axial)    3.4 ± 2.4    2.4 ± 0.7  < 0.0001
     Retrospective (helical)  10.3 ± 3.9    5.2 ± 1.6  < 0.0001
  Image quality
     Attenuation level (HU)  461.7 ± 51.9  462.2 ± 51.2 0.54
     Image noise (HU)  37.8 ± 1.4  38.2 ± 2.4 0.20
     Signal to noise ratio  12.2 ± 1.4  12.1 ± 1.4 0.28
     Coronary assessment (%)  91.7 ± 4.0  92.5 ± 2.8 0.12

Table 1  Demographical characteristics, acquisition parameters, 
radiation dose and image quality

Data are expressed as absolute numbers (percentage) or mean ± SD. FBP: 
Filtered back projection; IR: Iterative reconstruction.
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Abstract
Left ventricular myxomas account for 2.5% of all car-
diac myxoma cases. There are very few case reports 
on left ventricular myxoma (LVM) presented after 
complete surgical resection of left atrial myxoma. 
Here we report a case of a 58-year-old male pre-
sented to the hospital for transient limb weakness, 
numbness and dysarthria. Magnetic resonance image 
of the brain revealed multiple thromboembolic cere-
brovascular accidents. Transthoracic echocardiogram 
(TTE) revealed a left atrial myxoma. It was resected 
completely with good surgical margins. After one and 
half year he started having dizziness, and transient 
right sided weakness. Computer tomography scan of 
the head revealed a progression of thromboembolic 
disease. TTE revealed a LVM that was confirmed by 
transesophageal echocardiogram. It was resected 
with good surgical margins 3 wk after recurrent cere-
brovascular accident. 

© 2013 Baishideng. All rights reserved.

Key words: Left ventricular myxoma; Metastatic myxo-
ma; Left atrial myxoma; Recurrent myxoma

Core tip: Left ventricular myxoma (LVM) after surgical 

resection of left atrial myxoma is very rare. Etiologies 
for recurrent LVM after left atrial myxoma resection are 
incomplete surgical resection, metastasis, totipotent 
multicentricity and missed. Here we are describing a 
case that was probably a metastatic LVM as it is un-
common statistically for it to be a recurrent myxoma 
in the left ventricle after complete resection from left 
atrium. If there is a progression of the cerebral hem-
orrhagic lesions it would confirm our diagnosis of the 
metastatic process. 
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INTRODUCTION
Left ventricular myxomas account for 2.5% of  all car-
diac myxoma cases. There are very few case reports on 
left ventricular myxoma (LVM) presented after complete 
surgical resection of  left atrial myxoma.

CASE REPORT
A 58-year-old male with a past medical history of  hy-
pertension and diabetes went to see a primary care phy-
sician with complaints of  multiple episodes of  transient 
limb weakness, numbness and dysarthria lasting less 
than 1 h. A magnetic resonance image (MRI) of  the 
brain was obtained revealing multiple bilateral, supra, 
infratentorial, cortical and sub-cortical infarctions in wa-
tershed areas consistent with multiple thromboembolic 
strokes. Upon admission to the hospital, routine lab 
work (complete blood count, complete metabolic pro-
file, lipid panel, thyroid function tests, coagulation stud-
ies), and carotid doppler failed to reveal any significant 
abnormalities other than poorly controlled diabetes, 
and a serum cholesterol of  113 mg/dL. A transthoracic 
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echocardiogram (TTE) demonstrated a 3.5 cm homog-
enous mass in the left atrium with mild dilation and a 
normal left ventricle (LV). A pre-operative coronary an-
giogram failed to reveal any significant coronary artery 
disease. The left atrial mass was subsequently resected 
with good surgical margins and a small incidental pat-
ent foramen was successfully closed. Final pathology 
of  the mass confirmed it to be a transparent myxoma. 
Patient was discharged home in stable condition and did 
well for few months without any major symptoms other 
than generalized weakness.  

Nearly one year later the patient was diagnosed with 
generalized partial seizures following an episode of  
right-side weakness and was started on antiepileptic 
medication, which he refused to take. Over the next 
2-3 wk he experienced two more episodes of  right 
sided weakness associated with dizziness and admitted 
for non-adherence with medication. He then presented 
to our institution with near syncope and atypical chest 
pain. Routine cardiac evaluation was negative and he 
was discharged after 2 d. Later, he again presented 
to the emergency department, this time for intermit-
tent right-sided weakness and transient dizziness. A 
computer tomography (CT) scan of  the head revealed 
interval progression of  thromboembolic disease. An 
MRI confirmed the CT scan findings; multiple small 
hemorrhagic lesions were subsequently identified and 
later confirmed by cerebral angiography. Multiple my-

cotic aneurysms were ruled out by blood cultures. TTE 
was performed and it revealed a 0.94 cm × 0.74 cm 
mass attached to lateral wall of  LV. A transesophageal 
echo (TEE) then confirmed the presence of  a mobile, 
round homogenous mass attached to the anterolateral 
wall of  the LV (Figure 1). Three weeks after the re-
current cerebrovascular accident (CVA) the mass was 
resected. Initially, a left atrial and then aortic approach 
was attempted to locate and isolate the mass. Both ap-
proaches were unsuccessful. Eventually, an anterolateral 
approach located the mass buried in trabecular muscles 
of  the posteroapical area without any valvular attach-
ment. Excision was done without a difficulty. Pathology 
confirmed a LVM and the patient was discharged 1 wk 
later. 

DISCUSSION
Primary cardiac tumors are rare and have an average 
incidence of  0.02%[1,2]. Of  these, cardiac myxomas ac-
count for 88% of  cases and are primarily benign in 
nature[3]. Myxomas constitute 0.23% of  all the open 
heart surgical procedures[2]. The most common loca-
tion for myxoma is the left atrium followed by the right 
atrium. A biatrial location is occasionally seen but all 
other locations are quite uncommon[3]. Myxomas found 
in the left ventricle account for only 2.5% of  cases[3,4]. 
Myxomas are primarily sporadic while familial cases 
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Figure 1  Transesophageal echocardiogram. A: Mid esophagus view of the transesophageal echo (TEE) revealing left ventricular myxoma; B: TEE, four chamber 
view showing Left ventricular myxom; C: Magnified view showing a myxoma, size 1 cm x 2 cm; D: Magnified view showing a myxoma of 1 cm in horizontal direction. 
Showing its close proximity to trabecular muscles.



constitute up to 10%[2]. Familial myxomas have unusual 
locations and recurrences, and some are associated with 
Carney’s Complex (myxomas of  the heart, and skin, 
spotty skin pigmentation, blue nevi, and endocrine over 
activity)[3]. 

Most myxomas are either asymptomatic or produce 
non-specific symptoms such as malaise, fatigue or heart 
failure symptoms. Embolic events are one of  the major 
clinical presentations of  myxomas. The risk of  embo-
lization is mostly determined by the morphology of  
the myxoma rather than its size. As in this case, semi-
transparent polyploid myxomas carry a high risk for 
embolization compared to round myxomas[2]. Valvular 
myxomas carry high risk of  embolization[2,5]. This varia-
tion in prevalence of  emboli seen in published series can 
be explained by the fact that valvular myxomas carry a 
high risk of  embolization compared to myxomas located 
elsewhere. Even though the final embolic destination is 
commonly the cerebrovascular territory other arterial 
territories such as the pulmonary or coronary circulation 
can be involved[1-4] .

The other common mechanisms of  symptom pro-
duction with myxomas are mechanical obstruction 
and arrhythmias when cardiac conducting system is in-
volved[1-4]. 

Most myxomas are diagnosed with TTE, but are of-
ten missed when located in unusual places. In this case, 
locating the LV myxoma was difficult both on TTE and 
intraoperatively was difficult due to its concealment by 
trabecular muscle. TEE and MRI are best studies for 
localizing and characterizing myxoma. In all cases of  
suspected myxomas TEE should be performed[3]. 

Surgical resection is the treatment of  choice for 
myxomas and should be performed as early as possible 
as there is a risk of  embolization. In the presence of  a 
recent CVA, surgical resection may be delayed for up 
to 4 wk and should be performed on pump with sys-
temic heparinization[6]. Even though surgical technique 
is changing constantly, resection should include clean 
surgical margins to reduce the likely of  recurrence[7,8]. 
There are very few cases myxoma has recurred in the 
LV after the resection of  the tumor in LA[7]. In this case 
the myxoma recurred in the LV one year after the initial 
resection. The index TTE and the initial surgery did not 
give reason to suspect a LV myxoma. Possible mecha-
nisms for the LVM in this case are recurrence (incomplete 
surgical resection or new growth of  reserve cell or im-
plantation from original tumor), or missed during initial 
evaluation, or metastasis. During the index diagnosis, 
neither MRI nor TEE was performed thus raising the 
possibility of  LV myxoma was initially missed. However, 
though limited, neither TTE nor cardiac cauterizations 
have identified any LVM.  

Recurrent myxomas often grow faster than primary 
tumors and can occur in 3% of  sporadic cases and 20% 
of  familial cases[9]. Incomplete surgical margins is one of  
the major reason to have recurrences[7]. The tumor re-
curs near the original resection site in 85% of  cases with 

an atrial location in 97%[7]. In this case initial sporadic 
myxoma had good surgical margins during the index 
surgical resection. The site of  recurrence however, was 
LV making the recurrence secondary to incomplete re-
section much less likely. Metastatic seeding of  myxoma 
cells is well described in the literature. The malignant 
nature of  myxomas is defined based on growth rate 
behavior rather than histological features. Malignant 
myxoma may be identified by high interleukin 6 levels, 
presence of  constitutional symptoms, elevated gamma 
globulins, and a high erythrocyte sedimentation rate 
(ESR) after complete resection of  the tumor[9]. In this 
case, the patient reported some constitutional symp-
toms malaise and generalized weakness but lack of  
specificity of  these symptoms and the failure to ob-
tain a post-operative ESR make supporting malignant 
potential of  the tumor problematic. Multiple cerebral 
hemorrhagic lesions (probably secondary to small aneu-
rysms) were noted in this patient and may support the 
idea of  metastatic process. A malignant nature may be 
confirmed in future if  the tumor is subsequently found 
at other distant sites. We excluded the probability of  fa-
milial disease by taking a good family history, and there 
were no signs or symptoms of  Carneys Complex[9]. At 
this time, it is believed that this recurrent LV myxoma 
case is most likely due to a metastatic process. Careful 
follow up has been planned for this patient to monitor 
for recurrence of  myxoma as well as any worsening of  
neurological symptoms. 

Follow up echocardiography is required to evaluate 
for recurrence. It is highly crucial in familial cases and 
in those cases where good surgical margins cannot be 
achieved[6].  

REFERENCES
1	 Sarjeant JM, Butany J, Cusimano RJ. Cancer of the heart: 

epidemiology and management of primary tumors and 
metastases. Am J Cardiovasc Drugs 2003; 3: 407-421 [PMID: 
14728061 DOI: 10.2165/00129784-200303060-00004]

2	 Cetin G, Gursoy M, Ugurlucan M, Uzunhasan I, Hatemi 
AC, Tireli E, Kucukoglu S, Kansiz E. Single-institutional 22 
years experience on cardiac myxomas. Angiology 2010; 61: 
504-509 [PMID: 20042418 DOI: 10.1177/0003319709352489]

3	 Korkmaz AA, Tamtekin B, Onan B, Demir AS, Guden M, 
Uckurt Y. Combination of right atrial and left ventricular 
myxoma. Ann Thorac Surg 2010; 89: e33-e35 [PMID: 20417740 
DOI: 10.1016/j.athoracsur.2010.02.039]

4	 Meller J, Teichholz LE, Pichard AD, Matta R, Litwak R, 
Herman MV, Massie KF. Left ventricular myxoma: echocar-
diographic diagnosis and review of the literature. Am J Med 
1977; 63: 816-823 [PMID: 930952 DOI: 10.1016/0002-9343(77)
90168-1]

5	 Pinede L, Duhaut P, Loire R. Clinical presentation of left 
atrial cardiac myxoma. A series of 112 consecutive cases. 
Medicine (Baltimore) 2001; 80: 159-172 [PMID: 11388092 DOI: 
10.1097/00005792-200105000-00002]

6	 Arruda MV, Braile DM, Joaquim MR, Soares MJ, Alves RH. 
Resection of left ventricular myxoma after embolic stroke. 
Rev Bras Cir Cardiovasc 2008; 23: 578-580 [PMID: 19229435 
DOI: 10.1590/S0102-76382008000400022]

7	 Shinfeld A, Katsumata T, Westaby S. Recurrent cardiac myx-

389 October 26, 2013|Volume 5|Issue 10|WJC|www.wjgnet.com

Seethala S. Left ventricular myxoma



oma: seeding or multifocal disease? Ann Thorac Surg 1998; 66: 
285-288 [PMID: 9692493 DOI: 10.1016/S0003-4975(98)00481-0]

8	 Gao C, Yang M, Wang G, Wang J, Xiao C, Wu Y, Li J. Exci-
sion of atrial myxoma using robotic technology. J Thorac 
Cardiovasc Surg 2010; 139: 1282-1285 [PMID: 19853866 DOI: 

10.1016/j.jtcvs.2009.09.013]
9	 Amano J, Kono T, Wada Y, Zhang T, Koide N, Fujimori 

M, Ito K. Cardiac myxoma: its origin and tumor character-
istics. Ann Thorac Cardiovasc Surg 2003; 9: 215-221 [PMID: 
13129418]

P- Reviewer  Artunc F    S- Editor  Zhai HH    
L- Editor  A    E- Editor  Liu XM

390 October 26, 2013|Volume 5|Issue 10|WJC|www.wjgnet.com

Seethala S. Left ventricular myxoma



Diego Fernández-Rodríguez, Luca Vannini, Victoria Martín-Yuste, Salvatore Brugaletta, Rocío Robles, 
Ander Regueiro, Mónica Masotti, Manel Sabaté

Medical management of connector pin thrombosis with the 
Amplatzer cardiac plug left atrial closure device 

Diego Fernández-Rodríguez, Luca Vannini, Victoria Martín-
Yuste, Salvatore Brugaletta, Rocío Robles, Ander Regueiro, 
Mónica Masotti, Manel Sabaté, Department of Cardiology, 
Thorax Institute, Hospital Clínic, University of Barcelona, 
IDIBAPS, 08036 Barcelona, Spain
Author contributions: All authors contributed to the redaction 
of this manuscript.
Correspondence to: Victoria Martín-Yuste, MD, PhD, Depart-
ment of Cardiology, Thorax Institute, Hospital Clínic, University 
of Barcelona, IDIBAPS, C/Villarroel 170, 08036 Barcelona, 
Spain. vmartiny@clinic.ub.es
Telephone: +34-934-2275519   Fax: +34-934-2275751
Received: May 26, 2013            Revised: September 9, 2013
Accepted: September 18, 2013
Published online: October 26, 2013 

Abstract
Transcatheter closure of the left atrial appendage with 
the Amplatzer™ cardiac plug device and double an-
tiplatelet treatment for 3 mo has become an alterna-
tive treatment for patients with atrial fibrillation at high 
embolism risk and contraindications for chronic oral 
anticoagulation. The inadequate implantation of the left 
atrial appendage closure device and the discontinuation 
of double antiplatelet therapy are well-known as fac-
tors related to device thrombosis. Nevertheless, device 
thrombosis after adequate implantation requiring surgi-
cal treatment or restarting chronic oral anticoagulation 
has been reported and can reach 15% of patients. 
The connector pin thrombosis of the Amplatzer™ car-
diac plug, despite a good adherence to antiplatelet 
treatment, has been recently described as a potential 
mechanism for device thrombosis. Our clinical case 
reports the management of this condition for the first 
time, showing that the early detection of thrombotic 
complications by transesophageal echocardiography 
permits solving this serious complication with medical 
treatment only.

CASE REPORT
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Core tip: Percutaneous closure of the left atrial append-
age has become an alternative treatment for patients 
with atrial fibrillation and with contraindications for 
chronic oral anticoagulation. Recently, the first case of 
connector pin thrombosis of the Amplatzer™ cardiac 
plug device for percutaneous left atrial appendage clo-
sure was described. Our work describes the manage-
ment of this serious problem for the first time. 
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INTRODUCTION
Transcatheter closure of  the left atrial appendage (LAA) 
with the Amplatzer™ cardiac plug (ACP) device has 
become an alternative treatment for patients with atrial 
fibrillation (AF) at high embolism risk and with contrain-
dications for chronic oral anticoagulation (OAC)[1,2]. The 
inadequate implantation of  ACP and the discontinuation 
of  double antiplatelet treatment (DAPT) are well-known 
as factors related to device thrombosis[1,3]. Furthermore, 
device thrombosis after adequate implantation, requiring 
surgical treatment or restarting chronic OAC, has been 
reported[4,5] and can reach 15% of  patients[6]. The connec-
tor pin thrombosis of  the ACP, despite a good adherence 
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to antiplatelet therapy, has been recently described as a 
potential mechanism for device thrombosis[7]. The aim of  
this work is to describe the management of  this serious 
complication after ACP device implantation.

CASE REPORT
A 79-year-old woman with ischemic heart disease, hyper-
tension and diabetes mellitus presented with paroxysmal 
AF. The patient was under OAC because of  a high embo-
lism risk (CHADS2 score of  4 points) but had multiple 
admissions because of  gastrointestinal bleeding (GIB) 
of  unknown cause, despite an intensive etiological study. 
To avoid long-term OAC, a percutaneous closure of  the 
LAA with a 26-mm ACP device was performed and the 
patient was discharged under DAPT (aspirin 100 mg and 
clopidogrel 75 mg) until the 6th month. The post proce-
dural transesophageal echocardiography (TEE) and the 
45 d TEE revealed correct device positioning and the ab-
sence of  thrombosis of  the ACP (Figure 1). The patient 
remained asymptomatic with the absence of  any GIB. 
The 4 mo transthoracic echocardiography (TTE) dem-
onstrated correct device positioning without thrombotic 
complications but the 4 mo TEE detected a thrombus 

over the connector pin of  the ACP despite the DAPT 
(Figure 2). Intravenous anticoagulation with heparin was 
started and TEE 2 wk later showed thrombosis resolu-
tion (Figure 3A). The patient continued with DAPT for 
two more months. The 6 mo TEE showed the absence 
of  thrombus (Figure 3B), allowing the withdrawal of  
clopigrel. The 12 mo TTE confirmed the thrombus reso-
lution and the patient remained uneventful, with no GIB 
or cardioembolic events after 2 years.

DISCUSSION
Four major points about thrombosis of  the ACP could 
be drawn from our report. Firstly, the incomplete en-
dothelization of  the connector pin of  the ACP during 
the initial 6 mo can contribute to the development of  
thrombosis of  the ACP device. Our clinical case is in ac-
cordance with the first description of  the connector pin 
thrombosis in correctly implanted ACP devices[7]. For 
that reason, a second generation of  the ACP (ACP 2 or 
Amulet™) with a modified connector pin has been de-
signed[8]. Secondly, the role of  TEE and TTE in detecting 
device-related complications remains controversial[1]. The 
correct positioning can be detected with both techniques 
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Figure 1  Forty-five day control. Transesophageal echocardiography two-di-
mensional X-plane processing, simultaneous visualization at 70° (left) and 13° 
(right). Successful Amplatzer™ cardiac plug implantation: completely covering the left 
atrial appendage ostium by the occluder disk and no evidence of device thrombosis.

Figure 2  Four month control. Transesophageal echocardiography two-
dimensional image. Adequate covering of the left atrial appendage ostium but 
little thrombus (7 mm × 7 mm) is observed at the top of the button of the Amp-
latzer™ cardiac plug.

Figure 3  Transesophageal echocardiography two-dimensional image. A: Control after 2 wk of intravenous sodium heparin treatment. Complete resolution of but-
ton thrombosis and correct device positioning; B: 6 mo control. Correct device positioning and absence of button thrombosis.
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but TEE is the only method that permits the correct 
diagnosis of  residual or emerging device thrombosis. 
So, the strict monitoring with TEE is mandatory until 
the 6th month because of  the considerable proportion 
of  device thrombosis. Thirdly, recommended antiplate-
let therapy for prevention of  thrombotic events varies 
with the type of  device used for transcatheter closure 
of  the LAA. The ACP manufacturer recommends 
DAPT for 3 mo, based on porcine models[1], but button 
thrombosis in ACP successfully implanted devices in hu-
mans beyond 3 mo suggests the possibility of  extending 
the DAPT until the 6th month with complete exclusion 
of  thrombotic complications by TEE. For these reasons, 
we recommend a strict echocardiographic follow-up 
protocol in order to detect any thrombotic complication 
early (1 d, 45 d, 3 mo and 6 mo TEE and 12 mo TTE). 
Fourthly, the case illustrates the adequacy of  our manage-
ment of  thrombotic complications of  ACP. After ACP 
implantation, DAPT is administered and anticoagulation 
is stopped due to the contraindication of  long-term OAC. 
If  thrombotic complications are detected by a strict TEE 
monitoring during the follow-up, the early initiation of  in-
travenous anticoagulation can remove the thrombus, pre-
venting serious thrombotic complications if  not detected 
early and avoiding the need of  long-term OAC in patients 
at high risk of  complications under OAC treatment.
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Abstract
The important role of atherosclerosis in pathophysiol-
ogy of Alzheimer’s Disease has become evident. Mecha-
nisms such as hyperlipidemia, inflammation, abdominal 
obesity and insulin resistance are important yet they 
may not fully explain the specific involvement of the 
Circle of Willis in these pathologies. The Circle of Wills 
is a complex geometrical structure which has several 
areas with different curvature as well as various branch-
ing angles of vessels composing the circle. The hemo-
dynamics in this region should take into account the 
Dean number which indicates the influence of curvature 
on the resistance to blood flow. Thus, areas with vari-
ous curvature and angles may have different hemody-
namics and there are certain areas in the Circle of Willis 
that are more likely to develop atherosclerotic changes. 
Therefore, this could suggest the novel pathophysiologi-
cal pathway resulting from the geometric peculiarities 
of the Circle of Willis. One of the directions of future 
research is to examine whether specific areas of the 
Circle of Willis are more likely to develop atherosclerotic 
changes compared to other ones. Selective areas of the 
Circle of Willis affected by atherosclerotic changes could 
indicate the primary role of atherosclerosis promoting 
Alzheimer’s disease although other pathophysiological 
mechanisms suggesting the opposite direction should 

be also examined in prospective studies. 

© 2013 Baishideng. All rights reserved.
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Core tip: The Dean number can become an important 
local pathophysiological mechanism that can help to 
explain the specific involvement of the Circle of Willis in 
atherosclerosis and Alzheimer’s Disease as anatomically 
different parts of the Circle of Willis would exhibit vari-
ous degree of the curvature which would predispose to 
Alzheimer’s disease. This could possibly explain some 
sporadic cases of Alzheimer’s disease in the presence of 
minimal damage from atherosclerosis as well as open 
up new avenues for prevention of sporadic Alzheimer’s 
disease.
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TO THE EDITOR
The important role of  atherosclerosis in pathophysiology 
of  Alzheimer’s disease has become evident. Studies that 
examined an association between the Circle of  Willis ath-
erosclerosis, Alzheimer’s disease and some other neurode-
generative conditions are examples of  important research 
directions focused on probable influence of  various 
vascular factors on Alzheimer’s disease[1,2]. On the other 
hand, those studies suggest that these pathologies could 
share some common pathophysiological mechanisms that 
yet need to be investigated. Some of  such mechanisms 
such as hyperlipidemia, inflammation, abdominal obesity 
and insulin resistance were described by authors as prob-
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able candidates[1,2]. However, although all these factors 
are very important, they may not fully explain the specific 
involvement of  the Circle of  Willis in these pathologies.  

The Circle of  Wills is a complex geometrical structure 
which has several areas with different curvature as well as 
various branching angles of  vessels composing the circle. 
On the other hand, there are multiple anatomical varia-
tions of  the Circle of  Willis[3]. When a fluid runs through 
branching pipes a change of  the its direction happens and 
similarly, when blood flows through the branching area 
in the Circle of  Willis it changes direction. In general, 
taking into account that blood flow in the cardiovascular 
system is mostly laminar and the fact that branching areas 
of  many arterial bifurcations have various angles, several 
hemodynamic factors (i.e., radius of  curvature of  internal 
wall at branching area, Reynolds number, diameters of  
bifurcating vessels, etc.) should be taken into account[4]. 
One of  them is the degree of  curvature or the Dean 
number (Di). The Dean number indicates the influence 
of  curvature on the resistance to blood flow[4,5]. If  flow is 
laminar, then the Dean number is determined as: 

Where Re indicates Reynolds number, R is a radius of  the 
vessel, r is a radius of  the curvature[4] (Figure 1).

Thus, areas with various curvature and angles may 
have different hemodynamics. For example, hemody-
namics in the area where the degree of  curvature is 
substantial could be described by the so called “hemo-
dynamic shade” zone[6]. This zone can be characterized 
by a secondary flow and a boundary, therefore, there is 
a significant deterioration of  mass exchange due to the 
attachment of  stacks of  erythrocytes (rouleaux) to the 
vascular wall[6]. This could deteriorate the permeability 
of  the endothelium and decrease the rate of  removal of  
various particles such as lipids and lipoproteins, which in 
turn can lead to the formation of  lipid stripes directed 
along the blood flow and located in the “hemodynamic 
shade” of  the original attached rouleaux. This could also 
explain why hyperlipidemia could be one of  the non spe-
cific yet contributing pathophysiological mechanisms in 
the development of  the Circle of  Willis atherosclerosis. 
Therefore, there are certain areas in the Circle of  Willis 

that are more likely to develop atherosclerotic changes. 
As mentioned earlier, other factors such as hyperlipid-
emia or abdominal obesity should be taken into account 
as well. 

Subsequently, with the development of  atheroscle-
rosis, vascular wall in the certain areas of  the Circle of  
Willis (i.e., with substantial curvature) becomes less elastic 
and more rigid. This could result in the deterioration 
in the cyclic changes in the vascular wall deformation 
produced by cardiac contractions, and, therefore, in the 
performance of  a “deformation pump”[7]. The operat-
ing principle of  this pump is in the cyclic creation of  the 
boundary layer and its separation[7]. This deformation 
pump is important to consider as it could influence the 
dynamics of  the regional brain extravascular extracel-
lular fluid which was previously studied with regard to 
amyloid beta-protein, amyloid-beta building blocks for 
plaques and subsequent involvement in neurodegenera-
tion[8]. Such consideration of  regional brain extravascular 
extracellular fluid dynamics is also particularly important 
in light of  the fact that certain waste products such as 
glutamate or calcium can accumulate there causing deg-
radation of  certain cellular components thus playing an 
important role in the pathogenesis of  Alzheimer’s dis-
ease[9,10]. A consideration of  both the deformation pump 
and extravascular extracellular fluid could become an 
important link between Alzheimer’s disease and athero-
sclerosis.

All this could suggest the novel pathophysiological 
pathway resulting from the geometric peculiarities of  the 
Circle of  Willis. One of  the directions of  future research 
is to examine whether specific areas of  the Circle of  
Willis are more likely to develop atherosclerotic changes 
compared to other ones. Selective areas of  the Circle of  
Willis affected by atherosclerotic changes could indicate 
the primary role of  atherosclerosis promoting Alzheimer’
s disease. On the other hand, other pathophysiologi-
cal mechanisms that could explore local factors (i.e., the 
Dean number) and suggesting the opposite direction 
should be also examined in prospective studies. For 
example, anatomically “different” parts of  the Circle 
of  Willis (i.e., narrowed branching areas) would exhibit 
various degree of  the Dean number and this would 
predispose to Alzheimer’s disease. This could possibly 
explain some sporadic cases of  Alzheimer’s disease in the 
presence of  minimal damage from atherosclerosis in this 
area. More importantly, this would open up new avenues 
for prevention of  sporadic Alzheimer’s disease in the 
light of  the fact that this is an emerging health concern 
in the elderly. In addition, certain rheological factors 
such as blood viscosity should be taken into account as 
a contributing pathophysiological mechanism as well. In 
conclusion, more studies are needed to examine the com-
mon pathophysiological mechanisms related to both Al-
zheimer’s disease and various vascular pathologies. Such 
common pathophysiological pathways should take into 
account multiple factors such as hyperlipidemia, insulin 
resistance, certain local rheological and hemodynamic 

395 October 26, 2013|Volume 5|Issue 10|WJC|www.wjgnet.com

Ismailov RM. Circle of Willis atherosclerosis and Alzheimer’s disease

D = 0.5 Re{[R(    )     ]}R
r

1/2

Posterior
Communicating
Artery

Basilar
Artery

Right
Posterior
Cerebral
Artery

r

R

Figure 1  The Circle of Willis: The values of curvature (R and r).



factors as well as potentially new contributing factors es-
tablished in future research.

REFERENCES 
1 	 Roher AE, Esh C, Kokjohn TA, Kalback W, Luehrs DC, 

Seward JD, Sue LI, Beach TG. Circle of willis atherosclerosis 
is a risk factor for sporadic Alzheimer’s disease. Arterioscler 
Thromb Vasc Biol 2003; 23: 2055-2062 [PMID: 14512367 DOI: 
10.1161/01.ATV.0000095973.42032.44]

2 	 Yarchoan M, Xie SX, Kling MA, Toledo JB, Wolk DA, Lee 
EB, Van Deerlin V, Lee VM, Trojanowski JQ, Arnold SE. 
Cerebrovascular atherosclerosis correlates with Alzheimer 
pathology in neurodegenerative dementias. Brain 2012; 135: 
3749-3756 [PMID: 23204143 DOI: 10.1093/brain/aws271]

3 	 Kapoor K, Singh B, Dewan LI. Variations in the configura-
tion of the circle of Willis. Anat Sci Int 2008; 83: 96-106 [PMID: 
18507619 DOI: 10.1111/j.1447-073X.2007.00216.x]

4 	 Caro CG, Pedley TJ. The Mechanics of the Circulation. Ox-
ford, New York: Oxford University Press, 1978

5 	 Ismailov RM. Arch vessel injury: geometrical consider-
ations. Implications for the mechanism of traumatic myo-
cardial infarction II. World J Emerg Surg 2006; 1: 28 [PMID: 

16961917 DOI: 10.1186/1749-7922-1-28]
6 	 Ismailov RM. Mathematical model of blunt injury to the 

vascular wall via formation of rouleaux and changes in 
local hemodynamic and rheological factors. Implications 
for the mechanism of traumatic myocardial infarction. 
Theor Biol Med Model 2005; 2: 13 [PMID: 15799779 DOI: 
10.1186/1742-4682-2-13]

7 	 Ismailov RM. New insights into the mechanism of Al-
zheimer’s disease: A multidisciplinary approach. In: Ama-
zon Kindle, 2009

8 	 Meyer-Luehmann M, Stalder M, Herzig MC, Kaeser SA, 
Kohler E, Pfeifer M, Boncristiano S, Mathews PM, Mercken M, 
Abramowski D, Staufenbiel M, Jucker M. Extracellular amyloid 
formation and associated pathology in neural grafts. Nat Neuro-
sci 2003; 6: 370-377 [PMID: 12598899 DOI: 10.1038/nn1022]

9 	 Cirrito JR, May PC, O’Dell MA, Taylor JW, Parsadanian M, 
Cramer JW, Audia JE, Nissen JS, Bales KR, Paul SM, DeMat-
tos RB, Holtzman DM. In vivo assessment of brain inter-
stitial fluid with microdialysis reveals plaque-associated 
changes in amyloid-beta metabolism and half-life. J Neurosci 
2003; 23: 8844-8853 [PMID: 14523085]

10 	 Khachaturian ZS. The role of calcium regulation in brain 
aging: reexamination of a hypothesis. Aging (Milano) 1989; 1: 
17-34 [PMID: 2488296]

P- Reviewers  Goldhammer E, Moriarty P    S- Editor  Wen LL    
L- Editor  A    E- Editor  Yan JL

396 October 26, 2013|Volume 5|Issue 10|WJC|www.wjgnet.com

Ismailov RM. Circle of Willis atherosclerosis and Alzheimer’s disease



GENERAL INFORMATION
World Journal of  Cardiology (World J Cardiol, WJC, online ISSN 
1949-8462, DOI: 10.4330) is a peer-reviewed open access (OA) 
academic journal that aims to guide clinical practice and improve 
diagnostic and therapeutic skills of  clinicians.

Aim and scope
WJC covers topics concerning arrhythmia, heart failure, vascular 
disease, stroke, hypertension, prevention and epidemiology, dyslipi-
demia and metabolic disorders, cardiac imaging, pediatrics, nursing, 
and health promotion. Priority publication will be given to articles 
concerning diagnosis and treatment of  cardiology diseases. The fol-
lowing aspects are covered: Clinical diagnosis, laboratory diagnosis, 
differential diagnosis, imaging tests, pathological diagnosis, molecular 
biological diagnosis, immunological diagnosis, genetic diagnosis, 
functional diagnostics, and physical diagnosis; and comprehensive 
therapy, drug therapy, surgical therapy, interventional treatment, min-
imally invasive therapy, and robot-assisted therapy. 
    We encourage authors to submit their manuscripts to WJC. We 
will give priority to manuscripts that are supported by major national 
and international foundations and those that are of  great basic and 
clinical significance.
    WJC is edited and published by Baishideng Publishing Group 
(BPG). BPG has a strong professional editorial team composed of  
science editors, language editors and electronic editors. BPG current-
ly publishes 42 OA clinical medical journals, including 41 in English, 
has a total of  15 471 editorial board members or peer reviewers, and 
is a world first-class publisher.

Columns
The columns in the issues of  WJC will include: (1) Editorial: The 
editorial board members are invited to make comments on an im-
portant topic in their field in terms of  its current research status 
and future directions to lead the development of  this discipline; (2) 
Frontier: The editorial board members are invited to select a highly 
cited cutting-edge original paper of  his/her own to summarize ma-
jor findings, the problems that have been resolved and remain to be 
resolved, and future research directions to help readers understand 
his/her important academic point of  view and future research dir-
ections in the field; (3) Diagnostic Advances: The editorial board 
members are invited to write high-quality diagnostic advances in 
their field to improve the diagnostic skills of  readers. The topic 
covers general clinical diagnosis, differential diagnosis, pathological 
diagnosis, laboratory diagnosis, imaging diagnosis, endoscopic diag-
nosis, biotechnological diagnosis, functional diagnosis, and physical 
diagnosis; (4) Therapeutics Advances: The editorial board members 
are invited to write high-quality therapeutic advances in their field 
to help improve the therapeutic skills of  readers. The topic covers 
medication therapy, psychotherapy, physical therapy, replacement 
therapy, interventional therapy, minimally invasive therapy, endo-
scopic therapy, transplantation therapy, and surgical therapy; (5) 
Field of  Vision: The editorial board members are invited to write 
commentaries on classic articles, hot topic articles, or latest articles 
to keep readers at the forefront of  research and increase their levels 
of  clinical research. Classic articles refer to papers that are included 
in Web of  Knowledge and have received a large number of  citations 
(ranking in the top 1%) after being published for more than years, 
reflecting the quality and impact of  papers. Hot topic articles refer 

to papers that are included in Web of  Knowledge and have received 
a large number of  citations after being published for no more than 
2 years, reflecting cutting-edge trends in scientific research. Latest 
articles refer to the latest published high-quality papers that are 
included in PubMed, reflecting the latest research trends. These 
commentary articles should focus on the status quo of  research, the 
most important research topics, the problems that have now been 
resolved and remain to be resolved, and future research directions. 
Basic information about the article to be commented (including 
authors, article title, journal name, year, volume, and inclusive page 
numbers; (6) Minireviews: The editorial board members are invited 
to write short reviews on recent advances and trends in research of  
molecular biology, genomics, and related cutting-edge technologies 
to provide readers with the latest knowledge and help improve their 
diagnostic and therapeutic skills; (7) Review: To make a systematic 
review to focus on the status quo of  research, the most import-
ant research topics, the problems that have now been resolved 
and remain to be resolved, and future research directions; (8) 
Topic Highlight: The editorial board members are invited to write a 
series of  articles (7-10 articles) to comment and discuss a hot topic 
to help improve the diagnostic and therapeutic skills of  readers; (9) 
Medical Ethics: The editorial board members are invited to write 
articles about medical ethics to increase readers’ knowledge of  med-
ical ethics. The topic covers international ethics guidelines, animal 
studies, clinical trials, organ transplantation, etc.; (10) Clinical Case 
Conference or Clinicopathological Conference: The editorial board 
members are invited to contribute high-quality clinical case confer-
ence; (11) Original Articles: To report innovative and original find-
ings in cardiology; (12) Brief  Articles: To briefly report the novel 
and innovative findings in cardiology; (13) Meta-Analysis: Covers 
the systematic review, mixedtreatment comparison, meta-regression, 
and overview of  reviews, in order to summarize a given quantitative 
effect, e.g., the clinical effectiveness and safety of  clinical treatments 
by combining data from two or more randomized controlled trials, 
thereby providing more precise and externally valid estimates than 
those which would stem from each individual dataset if  analyzed 
separately from the others; (14) Case Report: To report a rare or 
typical case; (15) Letters to the Editor: To discuss and make reply to 
the contributions published in WJC, or to introduce and comment 
on a controversial issue of  general interest; (16) Book Reviews: To 
introduce and comment on quality monographs of  cardiology; and 
(17) Autobiography: The editorial board members are invited to 
write their autobiography to provide readers with stories of  suc-
cess or failure in their scientific research career. The topic covers 
their basic personal information and information about when they 
started doing research work, where and how they did research work, 
what they have achieved, and their lessons from success or failure.

Name of journal
World Journal of  Cardiology

ISSN
ISSN 1949-8462 (online)

Launch date
December 31, 2009

Frequency
Monthly

World Journal of 
CardiologyW J C

Online Submissions: http://www.wjgnet.com/esps/
wjc@wjgnet.com
www.wjgnet.com

IWJC|www.wjgnet.com October 26, 2013|Volume 5|Issue 10|

World J Cardiol 2013 October 26; 5(10): I-V
ISSN 1949-8462 (online)

© 2013 Baishideng. All rights reserved.

INSTRUCTIONS TO AUTHORS



Instructions to authors

Editors-in-Chief
Raúl Moreno, MD, Director of  Interventional Cardiology, Inter-
ventional Cardiology, Hospital La Paz, Paseo La Castellana, 261, 
28041 Madrid, Spain

Victor L Serebruany, MD, PhD, Associate Professor, Johns 
Hopkins University School of  Medicine, President, HeartDrug™ 
Research Laboratories, Osler Medical Center, 7600 Osler Drive, 
Suite 307, Towson, MD 21204, United States

Editorial office
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Cardiology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: wjc@wjgnet.com
http://www.wjgnet.com

Publisher
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 315-321 Lockhart Road, 
Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

Production center
Beijing Baishideng BioMed Scientific Co., Limited
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-85381892
Fax: +86-10-85381893

Representative office
USA Office
8226 Regency Drive, 
Pleasanton, CA 94588-3144, United States

Instructions to authors
Full instructions are available online at http://www.wjgnet.com/1949-
8462/g_info_20100316161927.htm.

Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifier, and Direc-
tory of  Open Access Journals.

SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should be 
described when they are used to verify the results; (2) Whether the 
statistical techniques are suitable or correct; (3) Only homogeneous 
data can be averaged. Standard deviations are preferred to standard 
errors. Give the number of  observations and subjects (n). Losses 
in observations, such as drop-outs from the study should be re-
ported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 

be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJC requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Med-
ical Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clinical 
Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accom-
panied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, 
Abstract, Introduction, Materials and Methods, Results, Discus-
sion, Acknowledgements, References, Tables, Figures, and Figure 
Legends. Neither the editors nor the publisher are responsible for 
the opinions expressed by contributors. Manuscripts formally ac-
cepted for publication become the permanent property of  Baish-
ideng Publishing Group Co., Limited, and may not be reproduced 
by any means, in whole or in part, without the written permission 
of  both the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors should 
follow the relevant guidelines for the care and use of  laboratory ani-
mals of  their institution or national animal welfare committee. For 
the sake of  transparency in regard to the performance and report-

IIWJC|www.wjgnet.com October 26, 2013|Volume 5|Issue 10|



Instructions to authors

ing of  clinical trials, we endorse the policy of  the ICMJE to refuse 
to publish papers on clinical trial results if  the trial was not recorded 
in a publicly-accessible registry at its outset. The only register now 
available, to our knowledge, is http://www.clinicaltrials.gov spon-
sored by the United States National Library of  Medicine and we en-
courage all potential contributors to register with it. However, in the 
case that other registers become available you will be duly notified. 
A letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/1949-8462/g_info_ 
20100316161927.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjc@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde Med-
ical College, Chengde 067000, Hebei Province, China. One author 
may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g., Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 

provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor 
of  Medicine, Chief, Liver Center, Gastroenterology Division, Uni-
versity of  California, Box 0538, San Francisco, CA 94143, United 
States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g., Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision on 
acceptance is made only when at least two experts recommend 
publication of  an article. All peer-reviewers are acknowledged on 
Express Submission and Peer-review System website.

Abstract
There are unstructured abstracts (no less than 200 words) and struc-
tured abstracts. The specific requirements for structured abstracts 
are as follows: 

An informative, structured abstract should accompany each 
manuscript. Abstracts of  original contributions should be struc-
tured into the following sections: AIM (no more than 20 words; 
Only the purpose of  the study should be included. Please write the 
Aim in the form of  “To investigate/study/…”), METHODS (no 
less than 140 words for Original Articles; and no less than 80 words 
for Brief  Articles), RESULTS (no less than 150 words for Original 
Articles and no less than 120 words for Brief  Articles; You should 
present P values where appropriate and must provide relevant data 
to illustrate how they were obtained, e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, 
P < 0.001), and CONCLUSION (no more than 26 words).

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

Core tip 
Please write a summary of  less than 100 words to outline the 
most innovative and important arguments and core contents in 
your paper to attract readers.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in 
the main text. Provide a brief  title for each figure on a separate page. 
Detailed legends should not be provided under the figures. This part 
should be added into the text where the figures are applicable. Keep-
ing all elements compiled is necessary in line-art image. Scale bars 
should be used rather than magnification factors, with the length of  
the bar defined in the legend rather than on the bar itself. File names 
should identify the figure and panel. Avoid layering type directly over 
shaded or textured areas. Please use uniform legends for the same 
subjects. For example: Figure 1  Pathological changes in atrophic gas-
tritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 

IIIWJC|www.wjgnet.com October 26, 2013|Volume 5|Issue 10|



second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, 
each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a cer-
tain sequence.
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