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Abstract
Drug-eluting balloons (DEBs) represent an enhancement 
of the therapeutic repertoire for the interventional car-
diologist. The therapeutic concept of DEBs is promising, 
notably on the basis of initial studies in patients with 
diffuse in-stent restenosis (ISR). At present, however, 
a number of questions regarding long-term efficacy 
and safety remain, specifically in indications other than 
diffuse ISR. The results of the evaluation of different 
substances, balloon systems and clinical indications will 
determine the long-term success of DEBs.

© 2010 Baishideng. All rights reserved.

Key words: Coronary artery disease; Coronary balloon 
angioplasty; Drug delivery systems; Vascular graft re-
stenosis
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South Korea; Hiroki Teragawa, MD, PhD, Department of Car-
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INTRODUCTION
Ever since the broad clinical introduction of  angioplasty 
and subsequentially coronary stent implantation in the 
1990s, in-stent restenosis (ISR) has become and remains 
one of  the major limitations of  this treatment modality. 
In the era of  “plain old balloon angioplasty (POBA)”, 
restenosis occurred as a result of  elastic recoil and nega-
tive vascular remodeling. However, other factors such as 
neointima proliferation may contribute to the POBA-
induced restenosis to some extent. These processes have 
been reduced using coronary stents during percutaneous 
coronary intervention (PCI). However, the proliferation 
and migration of  vascular smooth muscle cells and myo-
fibroblasts, together with the production of  extracellular 
matrix, resulted in a new form of  restenosis: ISR.

The development of  drug-eluting stents (DES) mark-
edly reduced the rate of  ISR both in randomized clinical 
trials and so called “all-comer” evaluations. As compared 
to bare metal stent (BMS) usage, the implantation of  DES, 
however, is associated with late stent-thrombosis and the 
need of  a long-term dual antiplatelet therapy (DAPT), 
which in the majority of  cases comprises acetylsalicylic 
acid and clopidogrel. Although the incidence of  ISR has 
declined as a result of  increased usage of  DES worldwide, 
the issue of  ISR will continue to be notable because of  
the increasing numbers of  patients treated with PCIs. As 
over 3 million PCIs and consecutive implantation of  one 
or more stents are performed worldwide every year, a 
clinically relevant rate of  restenosis of  5%-10% in these 
patients may lead to at least 150 000 to 300 000 recurrent 
interventions per year.

Online Submissions: http://www.wjgnet.com/1949-8462office
wjc@wjgnet.com
doi:10.4330/wjc.v2.i9.257
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Current treatment alternatives for ISR include plain 
angioplasty using conventional or cutting balloons, reim-
plantation of  BMS or DES, rotablation, atherectomy or 
brachytherapy. The latter ones, however, have not proven 
to be more effective than balloon angioplasty alone. The 
implantation of  DES, clearly, has become a common 
treatment modality, specifically in long restenotic lesions. 
The recurrent ISR-restenosis rate (“re-restenosis”), how-
ever, remains above 20%[1-3].

Drug-ELUTING balloons: a new 
concept
Balloon-based concepts for prevention and effective ther-
apy of  ISR are attractive for a number of  reasons. Possible 
advantages include: (1) homogeneous drug absorption 
into the vessel tissue; (2) the highest concentration of  
the drug at the time of  intervention and therefore at the 
beginning of  the neointimal proliferation; (3) the absence 
of  polymers, with a consequent reduction in chronic in-
flammation and the risk of  late stent thrombosis; (4) the 
preservation of  the original coronary anatomy particularly 
in small vessels and bifurcation lesions; (5) a reduction in 
the duration of  DAPT; and (6) drug application in spe-
cial situations where stent implantation is not allowed or 
wanted[4]. Paclitaxel plays an exceptional role in the context 
of  local drug therapy because of  its lipophilic properties, 
short absorption time after contact with the artery wall 
and prolonged duration of  antiproliferative effects of  up 
to several days[5]. Sound preclinical data specifically exist 
regarding the application of  paclitaxel using the radio-con-
trast agent Iobromid[6]. This kind of  application has been 
used for Paccocath® technology in the first-in-man study[7] 

within the PEPCAD-trial program.

Representative cases
Case 1 
A 73-year-old woman with coronary 3-vessel-disease, insu-
lin-dependent diabetes mellitus and hypercholesterolemia 
underwent PCI for multiple right coronary artery stenoses 
with implantation of  3 zotarolimus-eluting stents (total 
stent length 60 mm). One year later, she was readmitted 
with non-ST segment myocardial infarction as a result of  
long segment ISR which was treated percutaneous trans-
luminal coronary angioplasty (PTCA), including dilatation 
with cutting balloons. Six months later the patient again 
presented with unstable angina. Control angiography re-
vealed a subtotal long segment ISR (Figure 1A). Recanali-
zation was performed by wire passage and PTCA using a 
low-diameter low-profile balloon (Figure 1B). Postdilata-
tion was performed by means of  a 3 mm cutting-balloon 
followed by 2 paclitaxel-eluting balloons (SeQuent® Please, 
3.0 mm × 30 mm). Six months after drug-eluting balloon 
(DEB) treatment, control angiography showed only mod-
erate recurrent neointimal proliferation (Figure 1C).

Case 2
An 81-year-old man with known coronary artery disease, who 

underwent coronary artery bypass graft surgery 10 years  
previously, and had permanent atrial fibrillation (con-
tinuous warfarin therapy) and a history of  peptic gastric 
ulcer as a result of  former acetylsalicylic acid therapy was 
admitted to our hospital with unstable angina. Coronary 
angiography revealed open bypasses to the left anterior 
descending artery, first obtuse marginal and right coro-
nary artery, and a proximal stenosis of  the native left 
circumflex coronary artery (LCX) with a reference vessel 
diameter of  2.5 mm (Figure 2A). The LCX lesion was 
predilated with a 2 mm balloon followed by angioplasty 
using a paclitaxel-eluting balloon (SeQuent® Please,  
2.5 mm × 20 mm). Postinterventional angiography 
showed a slight residual stenosis and a circumscript dis-
section without flow limitation (Figure 2B). DAPT with 
acetylsalicylic acid and clopidogrel was given for a period 
of  4 wk accompanied by continuation of  warfarin (with 
a target international normalized ratio (INR) of  2 dur-

258 September 26, 2010|Volume 2|Issue 9|WJC|www.wjgnet.com
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Figure 1  Subtotal long-segment in-stent re-restenosis of the right coro-
nary artery treated with drug eluting balloons. A: Pre-percutaneous coronary 
intervention; B: After recanalization; C: Angiographic 6-mo follow-up.
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ing the 4 wk of  “triple therapy”, and a target INR of  3 
thereafter). Because of  the patient’s history of  aspirin-
associated ulcer, the proton pump inhibitor pantoprazol 
was administered along with DAPT. After PCI, the pa-
tient continued to be free of  symptoms, and angiography 
after 6 mo showed a fair interventional result with no 
restenosis of  LCX (Figure 2C).

Clinical evidence
These case examples provide further information regard-
ing potential indications for this new technique. Few data, 
however, have been published thus far regarding the ef-
ficacy of  DEBs, particularly concerning the long-term ef-
ficacy and safety issues. Initial clinical trials have been per-
formed using the Paccocath® technique. The Paccocath®  
ISR-Ⅰ and ISR-Ⅱ trials were designed as randomized, 
multicenter trials evaluating the efficacy of  a DEB in com-
parison to an uncoated balloon in 108 patients with ISR. 
The use of  the DEB reduced the late lumen loss, the rate 
of  binary restenosis and the frequency of  major adverse 
cardiac events[7,8]. The PEPCAD-Ⅱ-trial, in contrast, 
evaluated the efficacy of  the Paccocath® technique using a 

DEB (SeQuent® Please) in a randomized comparison with 
a paclitaxel-eluting stent (Taxus Liberté®) for the treatment 
of  ISR in 131 patients[9]. The utilization of  the DEB was 
associated with a lower rate of  restenosis and a lower fre-
quency of  target lesion revascularization (Figure 3). 

The efficacy of  the SeQuent® Please DEB was also 
evaluated in 118 patients with de novo coronary stenosis 
< 2.8 mm in a non-randomized study[10]. The aim was 
to evaluate outcomes using a “DEB only” strategy and 
avoidance of  any further stent implantation. Additional 
stents were only permitted in cases of  dissection or acute 
recoil. The rate of  binary restenosis was significantly lower 
in patients who were treated only with the DEB in com-
parison to patients who had to receive additional stents 
(Figure 4).

Bifurcation lesions are associated with a high risk of  
restenosis and thus represent a potential indication for 
DEBs. A non-randomized trial including 20 patients was 
able to document successful interventions of  bifurcation 
lesions with promising mid-term results[11]. The largest 
randomized trial so far which evaluated the application of  
DEB in combination with BMS was the recently published 
PEPCAD-Ⅲ trial. In this trial, the efficacy of  treatment of  
de novo lesions in coronary arteries with a pre-crimped BMS 
on a DEB system (Coroflex® DEBlue) was compared to 

259 September 26, 2010|Volume 2|Issue 9|WJC|www.wjgnet.com

Figure 2  Proximal de novo stenosis of the native left circumflex coronary artery treated with “plain old balloon angioplasty” using a drug eluting balloon. A: 
Pre-percutaneous coronary intervention (PCI); B: Immediately after PCI; C: Angiographic 6-mo follow-up.
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Figure 3  Treatment of in-stent-restenosis using a drug eluting balloon 
(paclitaxel-releasing balloon) vs a drug-eluting stent (paclitaxel-eluting stent). 
Left columns: Rate of binary in-segment restenosis (%) after 6 mo; Right columns: 
Major adverse cardiac events (MACE, including target lesion revascularization, 
myocardial infarction, stent thrombosis, or death) (%) after 12 mo[9]. DEB: Drug-
eluting balloon; DES: Drug-eluting stents.
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Figure 4  Treatment of small vessels (diameter < 2.8 mm) using a drug 
eluting balloon (paclitaxel-eluting balloon). Left columns: Rate of binary 
in-segment restenosis (%) after 6 mo; Right columns: Major adverse cardiac 
events (MACE) (%) after 12 mo[10]. DEB: Drug-eluting balloon.
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a sirolimus-eluting stent (Cypher®) in 637 patients. The re-
sults clearly showed that treatment with a “BMS on DEB” 
system was effective, but revealed less favorable results 
regarding the endpoint late lumen loss and frequency of  
target lesion revascularization than in the DES arm of  the 
study[12]. At present, several ongoing trials are evaluating 
the application of  DEB, e.g. in patients with diabetes mel-
litus, or for the treatment of  chronic coronary occlusions, 
or for PCI of  an ISR in DES. In addition to the treatment 
of  coronary lesions, 2 randomized trials in 87 and 154 pa-
tients using DEBs for treatment of  stenoses or occlusions 
of  the femoropopliteal arteries in comparison to BMS or 
the addition of  paclitaxel to the contrast media showed 
superior results for the DEB technology[13,14].

Current limitations
The concept of  local drug delivery has been experimen-
tally and clinically investigated for more than a decade[5]. 
The limitations of  the currently used polymer-based DES 
(prolonged DAPT, late stent thrombosis) shifted the fo-
cus to DEB. At first glance, the DEB is apparently able to 
integrate several favorable characteristics. Preclinical in vivo 
data are only available for 2 systems[6,15,16]. The successful 
delivery of  paclitaxel from the balloon into the vessel tis-
sue and prolonged residence in the tissue was proven in 
experimental pig models. Other DEB systems currently 
used in the clinical context lack sound preclinical data. 
At present, however, it is also unclear what kind of  drug 
coating on the balloon (e.g. hydrophilic Iopromid coating, 
microporous balloon surface, special balloon folding) or 
elution in the vessel tissue produces the most favorable 
safety-efficacy ratio. Regarding the clinical evaluation of  
DES, the last years clearly showed that a reliable assess-
ment of  safety and efficacy depends on major random-
ized trials and consecutive registry data with sufficient 
long-term follow-up periods (years rather than months). 
This approach should also be maintained in the context 
of  DEBs as late adverse effects (e.g. as a result of  delayed 
healing) may occur. At the moment, published data are 
only available for one balloon system (Paccocath®, Se-
quent® Please) regarding one indication (ISR) in compari-
son to lone dilatation or DES (Taxus®)[7,9]. The largest trial 
in the context of  DEB in 637 patients with de novo lesions, 
the PEPCAD-Ⅲ study, compared the combined usage of  
DEB and BMS to the sirolimus-eluting Cypher® stent and 
demonstrated better results for the DES concept[12].

Challenges
The DEB represents an excellent therapeutic concept. 
However, this technique carries a number of  unanswered 
questions and is being further evaluated in different clini-
cal settings. Regarding product development, it is unclear 
which method of  drug retention and elution and which 
drug is most favorable. It has to be proven in the clinical 
context whether use of  DEBs beyond the indication in 
ISR (< 10% of  our patients) compares favorably with cur-
rent standard therapy. Furthermore, reliable data regard-

ing the implantation of  BMS for clinical reasons (e.g. for a 
dissection) after a DEB-dilatation are lacking. A thorough 
analysis of  the PEPCAD-Ⅲ study may give the answers 
(DEB-stent “mismatch”). Currently, additional stent im-
plantation seems to improve the acute procedural out-
come, but worsens the long-term outcome. In addition, 
long-term results when treating ISR in DES are uncertain. 
Taken together, expectations should not be too high re-
garding the broad application of  DEB in the near future. 
At our center, we are also using the DEB primarily for 
the treatment of  recurrent diffuse restenosis of  BMS and, 
in some cases, of  DES. The results of  ongoing preclini-
cal development and clinical evaluation of  various DEB, 
however, will determine the long-term success of  the con-
cept of  DEB. As a result of  the rapid development in the 
field of  stent technologies (e.g. degradable drug-eluting 
polymers, complete stent degradation, polymer-free elut-
ing systems) and concomitant pharmacologic therapy, it is 
unclear whether DEBs will be used for more than niche 
indications in the long-term.

Conclusion
The DEB enhances the therapeutic repertoire of  interven-
tional cardiologists. The use of  DEB especially for the 
treatment of  ISR can prevent the implantation of  further 
stents. First results from trials evaluating small vessels and 
bifurcation lesions may give rise to more indications for 
this technique, but results of  randomized trials regarding 
these issues are still required. The use of  DEBs in selected 
patients in combination with BMS may be considered 
as an alternative to BMS, mainly because of  the possible 
reduction in the duration of  DAPT. Regarding the broad 
utilization of  DEBs, in terms of  efficacy and especially 
safety, data from larger clinical trials and registries should 
be awaited.
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Abstract
Coronary artery disease (CAD) is rapidly increasing in 
prevalence across the world and particularly in south 
Asians at a relatively younger age. As atherosclerosis 
starts in early childhood, the process of risk evaluation 
must start quite early. The present review addresses the 
issue of cutaneous markers associated with atheroscle-
rosis, and the strengths and weaknesses of the markers 
in identifying early coronary atherosclerosis. A diligent 
search for such clinical markers, namely xanthelasma, 
xanthoma, arcus juvenilis, acanthosis nigricans, skin 
tags, ear lobe crease, nicotine stains, premature graying 
in smokers, hyperpigmented hands in betel quid sellers, 
central obesity, and signs of peripheral vascular disease 
may prove to be a rewarding exercise in identifying as-
ymptomatic CAD in high risk individuals.
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INTRODUCTION
Coronary artery disease (CAD) is rapidly increasing in preva-
lence across the world and particularly in south Asians at 
a relatively younger age, with severe and diffuse forms 
of  lesions. The subject of  CAD in Indians (referred to 
as immigrants or Asian Indians, or south Asians when 
outside India) has become an interesting and challenging 
issue for research worldwide[1,2]. The prevalence of  CAD 
has progressively increased in India during the latter half  
of  the last century[3]. The risk of  CAD in Indians is con-
sidered to be 3-4 times higher than in white Americans, 6 
times higher than in the Chinese, and 20 times higher than 
in the Japanese[1,4]. Indians as a community are prone to 
CAD at a much younger age[5,6]. As atherosclerosis starts 
in early childhood, the process of  risk evaluation must start 
quite early. Identifying subtle cutaneous clinical markers 
suggesting atherosclerosis at a young age may prove to 
be helpful in early diagnosis and prevention of  CAD. It 
costs little to look for various cutaneous signs which may 
suggest subclinical or obvious atherosclerosis and/or 
other vascular diseases, such as diabetes, hypertension, pe-
ripheral arterial diseases etc. Judicious appraisal of  various 
cutaneous markers linked to CAD would help clinicians 
to suspect disease in the subclinical phase, and thus make 
it easier to decide who is likely to need further detailed 
cardiovascular investigation. A diligent search for the fol-
lowing cutaneous markers relevant to CAD may prove to 
be a rewarding exercise in identifying asymptomatic CAD 
in high risk individuals (Table 1). 

XANTHELASMA/XANTHOMA
The term xanthelasma is derived from the Greek xanthos 
(yellow) and elasma (beaten metal plate). These are yellow 
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plaques that occur most commonly near the inner canthus 
of  the eyelid, more often on the upper lid than the lower 
lid. Xanthelasma palpebrarum is the most common cuta-
neous xanthoma. Xanthelasma can be soft, semisolid, or 
calcareous. Frequently, they are symmetrical; often, all four 
lids are involved (Figure 1). Xanthelasma have a tendency 
to progress, coalesce, and become permanent.

Pathophysiology
Xanthomas usually are associated with a disturbance of  
lipid metabolism[8]. The mechanism of  accumulation of  
lipids in skin lesions is similar to the development of  
atheroma, especially when considering the role of  modi-
fied low density lipoprotein (LDL) and the method of  
accumulation of  lipids in macrophages. One half  of  these 
lesions are associated with elevated plasma lipid levels. 
Some occur with altered lipoprotein composition or struc-
ture, such as low high density lipoprotein (HDL) levels. 
They frequently occur in patients with type Ⅱ and type 
Ⅳ hyperlipidemia. In some cases, xanthoma may be seen 
in many members of  the same family with pleomorphic 
presentation in individual members. We came across a 
40-year-old female presenting with acute coronary syn-
drome and peripheral vascular disease (PVD) and hav-
ing manifest bilateral xanthelasma. Both her parents had 
suffered CAD and one of  her three brothers had a past 
history of  a cerebrovascular accident. Interestingly both 
parents and two siblings had some form of  xanthoma. 

The elder brother who had suffered a stroke was found to 
have both xanthelasma palpebrarum and extensive xan-
thomas spread over the back of  his shoulders and gluteal 
region as well as dyslipidemia (Figure 2).

Types and causes
Xanthomas are of  many types including xanthelasma 
palpebrum, tuberous xanthomas, tendinous xanthomas, 
eruptive xanthomas, plane xanthomas, diffuse plane xan-
thomatosis, xanthoma disseminatum and giant gluteal 
xanthoma. Tuberous and tendinous xanthomas are typical 
of  familial hypercholesterolemia and are common symp-
toms of  homozygous familial hypercholesterolemia. 

Small and quickly developing eruptive xanthomas are 
typical of  mixed hyperlipoproteinemia. Eruptive xantho-
mas can be seen in primary and secondary causes of  hy-
perlipidemia. Examples of  primary genetic causes include 
familial dyslipoproteinemia, familial hypertriglyceridemia, 
and familial lipoprotein lipase deficiency. Uncontrolled 
diabetes is a common cause of  secondary hyperlipidemia. 
However, most xanthelasmas occur in normolipemic per-
sons who may have low HDL cholesterol levels or other 
lipoprotein abnormalities.

Gluteal xanthomas warrant special mention because of  
their peculiar location in the gluteal region and are likely to 
be missed completely if  not looked for diligently. In a re-
cent case report[9], it was found that a 27-year-old male who 
was being investigated for a possible diagnosis of  familial 
hypercholesterolemia (total cholesterol: 480 mg/dL; LDL: 
440 mg/dL; HDL: 25 mg/dL and triglyceride: 76 mg/dL  
on treatment) had acute myocardial infarction and exten-
sive triple vessel disease at age 24 years. He was found to 
have extensive tendon and gluteal xanthomas. There were 
13 xanthomatous swellings of  various sizes measuring  
14 cm × 8 cm to 2 cm × 2 cm in the gluteal region alone. 
Besides gluteal xanthomas, there were xanthomatous le-
sions in bilateral elbows, knees, and Achilles tendons. On 
family screening, all his family members (i.e. parents and 
three siblings) were found to have CAD. Notably neither 
the patient nor any of  his family members were smokers 
or diabetic, but all had clinical clues to suggest dyslipid-
emia. 

Xanthomas and xanthelasmas are also indicators of  
other complicating diseases such as development of  acute 
pancreatitis during a hyperlipoproteinemic crisis, aggrava-
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Table 1  Clinical markers of atherosclerosis[7]

1 Xanthelasma, xanthoma/giant gluteal xanthoma
2 Arcus juvenilis
3 Acanthosis nigricans
4 Skin tags
5 Premature graying and balding in smokers
6 Ear lobe crease
7 Nicotine stains
8 Betel quid seller syndrome
9 Central obesity-flabs and folds
10 Signs of peripheral vascular disease
11 Gouty arthritis
12 Rheumatoid arthritis 
13 Psoriasis 

Figure 1  Symmetrical xanthelasma in all four lids.

Figure 2  Xanthomas spread over the 
back and gluteal region.



tion of  insulin resistance, and decompensation of  type 2 
diabetes mellitus, in addition to atherosclerotic coronary 
diseases[10].

Treatment
Therapy focuses on adjustment of  diet (elimination of  
dietary fat and concentrated saccharides); in the long run 
patients have to strictly observe their dietary regime based 
on the type of  hyperlipoproteinemia. As regards drug 
therapy, fibrates and atorvastatin are the drugs of  choice. 
It is very important not to focus on symptoms, i.e. xan-
thoma or xanthelasma, but to correct the associated dys-
lipidemia or the disease that underlies hyperlipoprotein-
emia (e.g. type 2 diabetes mellitus or metabolic syndrome). 
Unfortunately, it is still the practice for dermatologists, 
ophthalmologists or plastic surgeons to remove extensive 
xanthelasmas, while the underlying cause such as diabetes, 
CAD and dyslipidemia is not investigated diagnostically or 
adequately addressed. 

ARCUS JUVENILIS
A corneal arcus is a lipid-rich and predominantly extra-
cellular deposit that forms at the corneoscleral limbus  
(Figure 3). It represents the most common peripheral cor-
neal opacity and is not associated with tissue breakdown 
but rather with the deposition of  lipids. Rudolf  Virchow, 
who is credited with the hypothesis that atherosclerosis 
reflects insudation of  pathogenic agents into tissue, also 
noted, in 1852, the association of  corneal arcus with ath-
erosclerosis, and hypothesized a similar mechanism for its 
formation[11]. However, the attempt to correlate corneal 
lipid deposits and vascular lipid deposits has been and re-
mains controversial, despite continued interest[12,13]. It has 
been associated with hypercholesterolemia, xanthelasmas, 
alcohol, blood pressure, cigarette smoking, diabetes, age, 
and coronary heart disease (CHD)[14]. 

In a cross-sectional study by Zech et al[15] of  17 patients 
homozygous for familial hypercholesterolemia presented 
to the Clinical Center of  the National Institutes of  Health; 
plasma lipoproteins, circumferential extent of  the corneal 
arcus and thoracic aorta, coronary calcific atherosclerosis 
score, and Achilles tendon width were measured. Corneal 

arcus and Achilles tendon width were strongly correlated 
and predictive of  each other. Although the corneal arcus 
was correlated with calcific atherosclerosis (r = 0.67, P = 
0.004), it was not as highly correlated as was the Achilles 
tendon width (r = 0.855, P < 0.001). Thus it was con-
cluded that the corneal arcus reflects widespread tissue 
lipid deposition and is correlated with both calcific ath-
erosclerosis and xanthomatosis in these patients. Patients 
with a more severe arcus tend to have more severe calcific 
atherosclerosis. 

In a systematic review to examine the relationship of  
a corneal arcus and CHD to determine if  a corneal arcus 
is an independent CHD risk factor, it was concluded that 
there was no consensus that a corneal arcus is an indepen-
dent risk factor, but the presence of  a corneal arcus in a 
young person should prompt a search for lipid abnormali-
ties[12]. Also, because a corneal arcus represents physical 
evidence of  early lipid deposition, its presence suggests 
the need for aggressive lipid therapy[12].

ACANTHOSIS NIGRICANS
Acanthosis nigricans (AN) is a skin disorder characterized 
by darkening (hyperpigmentation) and thickening (hyper-
keratosis) of  the skin, occurring mainly in the folds of  the 
skin, back of  the neck, the axilla and/or groin. Rarely it 
may be observed in some regions of  the face (Figure 4). 
AN is not a skin disease per se but is a cutaneous sign in-
dicating insulin resistance, diabetes, metabolic syndrome, 
Cushing’s syndrome, internal malignancy, polycystic ovar-
ian syndrome, etc.

The cause of  AN is still not clearly defined but it ap-
pears to be related to insulin resistance. It has been associ-
ated with various benign and malignant conditions. Based 
on the pre-disposing conditions, AN has been divided 
into seven subtypes (Table 2). 

In the cross-sectional study by Kumar et al[16] to deter-
mine the prevalence of  AN in a south Indian population 
and to evaluate its correlations with diabetes, obesity, insu-
lin levels and other factors, it was shown that 16.1% of  the 
population had AN and it was significantly higher among 
females (19.6%) than males (11.4%). The prevalence of  
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Figure 3  A female smoker with manifest arcus senilis and early graying. Figure 4  A 25-year-old male showing acanthosis nigricans over the nose 
bridge.
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AN was highest in the 30-40 years age group and it de-
creased with the age. The prevalence of  AN correlated 
positively with female gender, obesity, high triglyceride 
levels and presence of  diabetes. The presence of  AN was 
significantly associated with higher fasting insulin levels. 
Males with AN had significantly higher insulin levels than 
females with AN. The authors concluded that AN has 
stronger clinical relevance among males than females and 
it can be used as a marker of  insulin resistance in the south 
Indian population especially if  obesity and a family history 
of  diabetes are also present. It is therefore suggested that 
patients with AN should be evaluated for underlying insu-
lin resistance and CAD.

SKIN TAGS
Skin tags are thought to be relatively common skin lesions. 
However it has been reported that they might reflect insu-
lin resistance states[17,18]. In a large study of  patients with 
skin tags, over 25% of  individuals had diabetes mellitus 
and a further 8% had impaired glucose tolerance, although 
there was no association with the number or localization 
of  the skin tags in that study[19]. There are reports describ-
ing an association between skin tags and an atherogenic 
lipid profile. This lipid profile is thought to be strongly as-
sociated with atherosclerosis and cardiovascular disease[20].

In a study by Erdoğan et al[21], comprising 36 patients 
with skin tags and 22 healthy controls, it was found that 
the mean body mass index (BMI), homeostasis model as-
sessment of  insulin resistance, and total cholesterol were 
significantly higher in patients showing skin tags than in 
controls. It was concluded that skin tags may not be in-
nocent tumoral proliferations; instead, follow-up of  such 
patients with regard to the development of  diseases as-
sociated with atherosclerosis may be beneficial. Further-
more, skin tags associated with AN carry more sinister 
significance than skin tags alone.

PREMATURE GRAYING AND BALDING 
Smoking has been considered to be the most important 
preventable risk factor responsible for premature CAD[22]. 
Coupled with this fact, it has been observed that young 
CAD patients who are heavy smokers develop premature 
graying and balding (Figure 5). Thus, the presence of  
premature graying in chronic smokers indicates higher-
than-normal risk for CAD[7]. Also, early-onset androgenic 
alopecia, in particular, is somehow related to CAD. Be-
sides premature graying, premature balding has also been 
suspected to be associated with CAD in smokers. 

In a review of  24 articles by Rebora[23], it was concluded 
that baldness did not coincide with androgenic alopecia. 
However, it was observed that subjects who developed 
baldness before their 30s may have a higher risk for CAD 
than other men, and they may be the individuals with 
early-onset androgenic alopecia who also present with 
particularly elevated dihydrotestosterone:testosterone ra-
tios. Based on this, it is suggested that the baldness theory 
should be included as a secondary hypothesis in large epi-
demiological studies of  CAD. 

A case-control study[24] examined the association of  
dermatological signs, such as baldness, thoracic hairiness, 
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Table 2  Types of acanthosis nigricans

Type Characteristics 

Obesity-associated AN Most common type of AN 
May occur at any age but more common in adulthood 
Obesity often caused by insulin resistance 

Syndromic AN Defined as AN that is associated with a syndrome, e.g. hyperinsulinemia, Cushing's syndrome, polycystic ovary syndrome, 
total lipodystrophy 

Benign AN Also referred to as acral acanthotic anomaly 
Thick velvety lesion most prominent over the upper surface of hands and feet in patients who are in otherwise good health 
Most common in dark-skinned people, especially those of African American descent 

Drug-induced AN Uncommon, but AN may be induced by several medications, including nicotinic acid, insulin, systemic corticosteroids and 
hormone treatments 

Hereditary benign AN AN inherited as an autosomal dominant trait 
Lesions may manifest at any age, infancy, childhood or adulthood 

Malignant AN AN associated with internal malignancy 
Most common underlying cancer is tumor of the gut (90%) especially stomach cancer 
In 25%-50% of cases, lesions are present in the mouth on the tongue and lips 

Mixed-type AN Patients with one type of AN who also develop new lesions of a different type, e.g. overweight patient with obesity-
associated AN who then develops malignant AN 

AN: Acanthosis nigricans.

Figure 5  A male, who had a stroke at 
27 years of age, continued to smoke, 
and developed an acute myocardial 
infarction at 44 years old. Note pre-
mature graying and balding.
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hair graying, and diagonal ear lobe crease (ELC), with the 
risk of  myocardial infarction in male subjects younger 
than 60 years, and concluded that baldness, thoracic hairi-
ness and diagonal earlobe crease indicate an additional 
risk of  myocardial infarction in men under the age of   
60 years, independent of  age and other established coro-
nary risk factors.

In a report by Matilainen et al[25], the presence of  in-
sulin resistance that increases coronary disease risk has 
been shown to be associated with an early onset of  male-
pattern baldness or alopecia. This may represent a com-
mon pathogenetic mechanism for baldness and coronary 
atherosclerosis.

EAR LOBE CREASE
The ear lobes of  children and young adults are normally 
smooth. The presence of  an ELC and its association with 
CAD was first described in 1973[26]. Blodgett et al[27] found 
that 75% of  CAD cases had an ELC as compared to 35% 
of  the controls (age and gender matched). Afterwards, 
many studies presented ELC as a marker for CAD[28,29].

In addition, a diagonal ELC has also been suggested 
as a marker of  vascular disease in a population with diabe-
tes (population with increased risk of  microangiopathy); 
but only limited data are available[30]. The Fremantle Dia-
betes Study reported the prevalence of  ELC to be 55% in 
the western Australian population[30]. In an Indian study, 
data suggested that the ELC was present in 59.7% of  the 
diabetic population > 40 years in the urban south Indian 
population[31]. The above study showed that the subjects 
in the ELC group were older, had longer duration of  dia-
betes and had poor glycemic control. These observations 
were in agreement with the Fremantle study[30]. Subjects 
with ELC had a higher socioeconomic status as compared 
to the group without ELC; this could be an indirect mea-
sure of  the population at a greater risk of  CAD.

With regard to the association between ELC and dia-
betic retinopathy, the Indian study noted that increasing 
age, poor glycemic control and increasing duration of  dia-
betes were significant variables in both univariate and mul-
tivariate models[30]. Similar observations were made in other 
population-based studies on diabetic retinopathy[32,33]. How-
ever some other studies have found no such associations 
and have concluded that the prevalence of  earlobe creases 
probably increases with age, as does heart diseases[34,35].

Taking into consideration the above points, it appears 
prudent to examine the earlobes in a suspected case of  
CAD as additional indirect evidence.

NICOTINE STAINING
Nicotine is a naturally-occurring alkaloid found primarily 
in tobacco. It is most commonly absorbed from cigarette 
smoke, with each puff  containing approximately 50 μg of  
nicotine. The adverse effects of  smoking on the cardio-
vascular system are known to all.

There are certain cutaneous markers which indicate 
that a person is a smoker, thus indirectly pointing towards 

a cardiovascular risk. The most evident and enduring 
signs of  smoking are the tar and nicotine stains found 
on hands, fingers, lips and on the skin in addition to the 
teeth. The discolorations more often than not develop on 
the lips and on the nails of  the fingers. Black stained nails, 
dark brownish crusts below the fingernails, blackened lips, 
dark gums and stained enamel of  the teeth point towards 
chronic heavy smoking and the likely possibility of  coex-
isting CAD and/or other smoking-associated diseases[36]. 

BETEL QUID SELLER SYNDROME
This syndrome, first described by Dwivedi et al[37] is char-
acterized by central obesity, brick-brownish lips and palms 
of  the hands and denuded skin over the tips of  the fingers, 
as observed in betel quid sellers in south Asian countries, 
primarily India, Pakistan, Bangladesh and Nepal. People 
who sell betel quid in south Asia also sell smokeless, non-
perishable and dried tobacco preparations like ‘gutkha’ and 
‘pan masala’ and over the years they develop a character-
istic body habitus comprising central obesity because of  
long hours of  sitting, and have discolored tips and palms 
of  the hands as they are constantly exposed to betel quid, 
containing resinous extract of  Acacia catechu, baked shell 
lime, betel nut (Areca catechu containing arecoline) and to-
bacco[37]. In the process of  preparing quid they apply baked 
lime and liquefied Acacia catechu paste to the betel leaf, 
varying from 100 to 1000 times a day. The overlying skin 
surface that comes into direct contact with the shell lime 
and Areca catechu becomes roughened, denuded and brick-
red colored. It is speculated that the denuded epithelium 
may be the source of  absorption of  nicotine and arecoline 
in the betel quid sellers. They are also prone to consume 
betel quid, gutkha and paan masala containing betel nut 
and sweetening agents[38]. The sedentary nature of  their 
occupation combined with their daily intake of  tobacco 
and betel nut leads to early development of  diabetes, hy-
pertension and dyslipidemia[39-41]. In addition, keeping quid 
in the space between the buccal mucosa and lower teeth 
results in the coloring of  saliva due to interaction of  Acacia 
catechu with alkaline shell lime, and damage to teeth. It is 
considered that features of  ‘betel quid seller syndrome’ are 
a harbinger of  diabetes, hypertension and/or CAD.

Interestingly, people who consume surti, a form of  
saltless tobacco (SLT) much used in south Asia, develop 
a patch of  white discoloration on their palm due to con-
stant rubbing of  liquefied calcium carbonate and meshed 
tobacco leaves before putting it in oral cavity (Figure 6). 
This may provide evidence of  SLT being associated with 
an increased risk of  CAD.

CENTRAL OBESITY - FLABS AND FOLDS
Obesity is defined as a state of  excessive adipose tissue 
mass. Although not a direct measure of  adiposity, the 
most widely used method to gauge obesity is the BMI, 
which is equal to weight/height2 in kg/m2 with BMI > 
25 taken as obesity in South Asian countries[42]. The vast 
majority of  urban people currently have excess abdomi-
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nal fat. The excess belly fat is not just an esthetic issue 
alone, but is also a risk factor to health. There is a large 
amount of  convincing scientific data which confirms it is 
unhealthy in general to have excess body fat throughout 
the body, particularly so in the abdomen. A large belly 
objectively measured as waist circumference is clinically 
known as central obesity (Figure 7). This is due to an 
increased amount of  visceral fat. Visceral fat lies deeper 
in the abdomen beneath the muscles and the surround-
ing organs. Visceral fat also plays a role in giving certain 
men that "beer belly" appearance where their abdomen 
protrudes excessively but at the same time, also feels hard 
if  prodded. Excessive visceral fat is more dangerous than 
subcutaneous fat. Central obesity increases the risk of  
developing diabetes, heart disease, high blood pressure, 
stroke, sleep apnea, various forms of  cancer, and other 
degenerative diseases[43]. Thus excessive fat and flabs, par-
ticularly abdominal obesity, can indicate underlying CHD. 
According to the current guidelines a waist circumference 
of  > 90 cm in south Asian men and > 80 cm in south 
Asian women are indicative of  central obesity[42]. 

SIGNS OF PVD 
PVD, also known as arteriosclerosis obliterans, is primar-
ily the result of  atherosclerosis. The atheroma consists of  
a core of  cholesterol attached to proteins with a fibrous 
intravascular covering. The atherosclerotic process may 
gradually progress to complete occlusion of  medium and 
large arteries. Cutaneous signs of  PVD are the classic “5 P’s” 
namely pulselessness, paralysis, paresthesia, pain and pallor. 
The disease typically is segmental, with significant variation 
from patient to patient. Other maladies that often coexist 
with PVD are CAD, myocardial infarction, atrial fibrillation, 
transient ischemic attack, stroke, and renal disease. Studies 
have suggested that even asymptomatic peripheral arterial 
disease is associated with increased CAD mortality[44]. Fea-
tures of  PVD are thus helpful in predicting potential CAD.

GOUT AND SIGNS OF ARTHRITIS
Gout is a metabolic disease marked by acute arthritis and 
inflammation of  the joints, usually beginning in the knee 

or foot and clinically characterized by acute mono or poly 
arthritis often involving the metatarso-phalangeal joint 
of  the first toe, bursitis, tendonitis, enthesitis, tophaceous 
deposits, or synovial osteochondromatosis. It is caused 
by hyperuricemia. Gout often accompanies both risk fac-
tors for heart disease and heart disease itself. It is found in 
higher rates in people with obesity, high blood pressure, 
CAD, and congestive heart failure. 

The relationship between gout, not associated with 
the use of  diuretics, and the development of  CAD was 
examined in 5209 subjects originally enrolled in the Fram-
ingham Study[45]. Based on 32 years of  follow-up, it was 
concluded that gout, unrelated to the intake of  diuretics, 
imparts an additional risk of  CAD in men, unexplained by 
clinically measured risk factors, but in women there were 
no significant associations between gout and CAD. There-
fore, looking for gouty inflamed joints can be a useful tool 
for the physicians to predict underlying heart disease. 

PERIPHERAL AND CUTANEOUS SIGNS 
OF RHEUMATOID ARTHRITIS 
Atherosclerosis is now considered as inflammatory dis-
ease[46]. As rheumatoid arthritis (RA) is considered a quint-
essential systemic disease that can manifest in most major 
organ systems, it also spreads to extra-articular sites, such 
as mid-size arteries and capillaries, and predisposes patients 
to accelerated atherosclerosis and CAD[47]. Several studies 
have documented an increased risk of  atherosclerosis and 
myocardial infarction in patients with RA[48,49]. Therefore, it 
is prudent to look for CAD if  a patient presents with chest 
pain and has evidence of  peripheral/cutaneous signs of  
RA. 

SIGNS OF PSORIASIS
Recently, much emphasis has being laid on a link between 
CAD and psoriasis in the medical literature[50,51]. Reports 
suggest that psoriasis increases the chance of  acute coro-
nary episodes and also psoriasis appears to play a bigger 
role in heart disease in young people[52]. It was reported 
that a 30-year-old with severe psoriasis is approximately 
three times (300%) more likely to suffer a heart attack 
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Figure 6  Betel Quid Seller Syndrome[37]. Figure 7  A beer belly in a patient with coronary artery disease.

Dwivedi S et al . Cutaneous markers of CAD



268 September 26, 2010|Volume 2|Issue 9|WJC|www.wjgnet.com

than a 30-year-old from the general population, but a 
60-year-old with severe psoriasis has only a 36% higher 
risk than his age-matched peers[52]. The above findings 
emphasize the need for psoriasis patients to monitor their 
cardiovascular health at an earlier age and to take mea-
sures to lessen their risks for heart attack, heart failure and 
other cardiovascular problems (Figure 8).

CONCLUSION 
Judicious appraisal of  the above cutaneous markers linked 
to CAD would help clinicians to recognize disease in the 
subclinical phase and thus make it easier to decide who is 
likely to need further detailed cardiovascular investigation. 
A diligent search for these cutaneous markers relevant to 
CAD may prove to be a rewarding exercise in unraveling 
asymptomatic CAD in high risk individuals at no extra cost. 
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Abstract
The prevalence of neoplastic pericardial diseases has 
changed over time and varies according to diagnostic 
methods. The diagnostic factor is usually the detec-
tion of neoplastic cells within the pericardial fluid or in 
specimens of pericardium, but the diagnosis may be 
difficult. Accurate sampling and cytopreparatory tech-
niques, together with ancillary studies, including im-
munohistochemical tests and neoplastic marker dosage, 
are essential to obtain a reliable diagnosis. The goals of 
treatment may be simply to relieve symptoms (cardiac 
tamponade or dyspnea), to prevent recurrent effusion 
for a long-term symptomatic benefit, or to treat the lo-
cal neoplastic disease with the aim of prolonging surviv-
al. Immediate relief of symptoms may be obtained with 
percutaneous drainage or with a surgical approach. For 
long term prevention of recurrences, various approach-
es have been proposed: extended drainage, pericardial 
window (surgical or percutaneous balloon pericardiosto-
my), sclerosing local therapy, local and/or systemic che-
motherapy or radiation therapy (RT) (external or with 
intrapericardial radionuclides). The outcomes of various 
therapeutic approaches vary for different tumor types. 
Lymphoma and leukemias can be successfully treated 
with systemic chemotherapy; for solid tumors, percu-
taneous drainage and the use of systemic and/or local 

sclerosing and antineoplastic therapy seems to offer the 
best chance of success. The use of “pure” sclerosing 
agents has been replaced by agents with both scleros-
ing and antineoplastic activity (bleomycin or thiotepa), 
which seems to be quite effective in breast cancer, at 
least when associated with systemic chemotherapy. Lo-
cal chemotherapy with platinum, mitoxantrone and oth-
er agents may lead to good local control of the disease, 
but the addition of systemic chemotherapy is probably 
relevant in order to prolong survival. The surgical ap-
proach (creation of a pericardial window, even with the 
mini-invasive method of balloon pericardiostomy) and 
RT may be useful in recurring effusions or in cases that 
are refractory to other therapeutic approaches.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
The reported prevalence of  neoplastic pericardial diseases 
has changed over time and has varied according to diag-
nostic methods. In an autopsy series, it has been found in 
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patients and, among these, in 19%-40% of  patients dy-
ing of  lung cancer, 10%-28% dying of  breast cancer and 
in 9%-28% with leukemia or lymphoma, apparently with 
a trend toward increasing frequency among lung cancer 
patients in more recent years and a decrease in haema-
thologic malignancies. This trend can only be observed in 
the very long term, however. In a necropsy study between 
1974 and 1987, the prevalence of  primary tumors showed 
little variation over time[1-8]. Autopsy studies overestimate 
the clinical problem because they include mostly terminal-
ly ill patients and identify even microscopic metastases or 
small effusions without clinical relevance. In two studies 
comparing clinical and pathologic features of  pericardial 
metastases, 60%-70% were clinically non significant[9,10]. 
In fact, in a study on 2700 breast cancer patients, seen 
from 1987 to 1997, symptomatic neoplastic pericardial 
effusion was only diagnosed in 19 (0.7%)[11]. This finding 
was confirmed by a retrospective study on 1600 patients 
with leukemia who had one or more echocardiographic 
examinations during their illness. A pericardial effusion 
was detected in 325 (20%) cases, but was very mild in 
70% of  the cases. It was moderate to large in < 9% of  
the cases and only 10 (3%) patients required pericardio-
centesis (4 of  them had leukemic blasts in the pericardial 
fluid). Approximately 75% of  the patients with pericardial 
effusion had concomitant pleural effusion, and the pres-
ence of  pericardial effusion did not have any impact on 
survival. In this study, the incidence of  neoplastic effusion 
appeared to be treasurable[12]. Among lymphoma patients, 
a particular subgroup is the one with primary effusion 
lymphoma, which usually affects human immunodefi-
ciency virus-infected patients, but has been described 
occasionally in immunocompetent patients, and is char-
acterized by a clinical appearance of  pleural, pericardial 
and/or peritoneal effusion without solid masses or lymph 
node involvement[13,14]. This particular type of  lymphoma 
generally has a poorer prognosis compared to other non-
Hodgkin’s lymphomas (NHL). It has peculiar behaviour 
characteristics and can be treated, not only with chemo-
therapeutic agents, but also with antiretroviral therapy[15,16]. 
Among symptomatic effusion, on the other hand, cancer 
was the principal cause in the past, but its prevalence has 
decreased over time. In a retrospective analysis on 1127 
pericardiocenteses performed at Mayo Clinic on 977 
patients over 21 years, malignant effusion accounted for 
50% of  the procedures in years 1979 to 1986, 45% in 
years 1986 to 1993 and 25% between 1993 and 2000[17]. 
According to the authors, this change was due to an in-
crease in other causes of  pericardial effusion (mainly post-
operative or perforation from invasive procedures) rather 
than to a decrease of  malignant pericarditis cases, which 
actually increased from 91 to 159 from the first to the sec-
ond period mentioned above. Nevertheless, in the third 
period (1993-2000) there were only 125 cases of  neoplas-
tic pericarditis. This inversion of  the trend might be due 
both to an improvement in the treatment of  cancer and 
to the increasing use of  routine computed tomography 
(CT), magnetic resonance imaging, echocardiography 

and positron emission tomography that leads to an early 
detection and therapy of  small effusions, which then 
prevents the need for pericardiocentesis. The decrease in 
neoplastic etiology among large pericardial effusions in 
the past years seems to be confirmed by a Spanish study 
and an Italian study covering the years 1998-2002 and 
1996-2003, respectively, with results showing a prevalence 
of  13% and 7.3%, respectively[18,19]. Since the relative 
proportion of  neoplastic pericarditis depends also on the 
prevalence of  other causes of  effusion, it may vary widely 
in particular populations. In a Turkish report, 15/50 pa-
tients (30%) had neoplastic pericarditis, but there were no 
cases of  post-surgical pericardial effusion in this group. 
However, in a larger study from Turkey, there were only 
46/368 cases of  neoplastic pericarditis (13%) in a popula-
tion with high prevalence of  uraemic pericardits[20,21]. On 
the other hand, in a report from Brigham and Women’s  
Hospital of  Boston, 40% of  the patients undergoing 
pericardiocentesis had malignant effusions (27.4% definite 
and 12.3% likely), with only 0.9% with infectious causes in 
the same cohort[22]. A South Korea study reported 61/116 
(53%) of  the cases as “malignant effusions”, but this di-
agnosis was confirmed by cytology in only 27 cases (44% 
of  the cancer subgroup, 27% of  the entire cohort)[23]. 
Among neoplastic pericardial disease diagnosed in vivo, as 
in autopsy studies, lung and breast carcinoma are the more 
frequent primary tumors[24]. In lung cancer, the metastatic 
pathway to the pericardium is almost always lymphatic 
(usually from the dorsal side). This finding explains why 
pericardial effusion is often large, and why neoplastic cells 
may be found in the pericardial fluid even if  absent in 
pericardial biopsies[25,26]. 

DIAGNOSIS
As mentioned above, pericardial effusion in patients is not 
always due to malignancy; other causes of  pericardial ef-
fusion are radiotherapy, lymphatic drainage impairment 
and hypoalbuminemia. The diagnostic clue is usually the 
detection of  neoplastic cells within the pericardial fluid 
or in specimens of  pericardium. But the diagnosis is not 
always simple, and sometimes impossible. Reactive lym-
phocytes may be morphologically indistinguishable from 
malignant cells in NHL. On the other hand, in Hodgkin’
s disease, effusion cytology is often non diagnostic. Ac-
curate sampling and cytopreparatory techniques, together 
with ancillary studies (immunocytochemistry, flow cy-
tometry, morphometry and cytogenetics) may help in the 
diagnosis, which usually requires a definition of  the lym-
phoma subtype as well[27]. In solid tumors, on the other 
hand, effusion cytology may be extremely difficult because 
mesothelial cells exhibit a spectrum of  cytomorphologic 
features, sometimes mimicking carcinoma[28,29]. In the case 
of  mesothelioma, the cytologic diagnosis is even more 
difficult because hyperplastic or reactive mesothelial cells 
may mimic malignant mesothelioma. Differentiation from 
metastatic adenocarcinoma may be challenging and, on 
the other hand, effusion may have no cytologic evidence; 
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the sensitivity has been reported to be 38%-50%[30,31]. 
Some problems may arise in cytological evaluation due to 
the storage of  effusion fluid. When the amount of  neo-
plastic cells is relatively low, the probability to detect them 
is obviously higher when examining the entire drained 
fluid rather than a few milliliters[32]. Moreover, benign 
cells may degenerate during storage and, for this reason, 
effusion specimens should be received in the cytopathol-
ogy laboratory immediately after drainage in the fresh 
state or refrigerated, and should be stored at 2-8℃ (best 
at 4℃)[33,34]. A number of  immunohistochemical markers 
have been selected to improve the sensitivity and specific-
ity of  the diagnosis; for optimal use, cell block prepara-
tions, in addition to smears, are required[35-39].

In cytology-negative samples, or whenever the diag-
nosis is equivocal, the dosage of  tumor markers, such as 
carcinoembryonic antigen (CEA), serum cytocheratin 19 
fragments (CYFRA 21-1), neuron-specific enolase (NSE) 
and carbohydrate antigens CA 125, CA 15-3 and CA 19-9, 
in the effusion may be helpful in the setting of  solid tu-
mors[40-44]. These markers must be used cautiously because 
the cut-off  values have not been well defined. Different 
tumors may be identified by different markers and the sen-
sitivity of  every marker could be rather low. Nevertheless, 
specificity is high for some markers and tumors (among 
carcinomas: 80%-100% for CEA, 80%-97% for NSE and 
70%-100% for CYFRA), and the combination of  two or 
more tumour markers leads to a higher diagnostic value[45]. 
Paganuzzi found that a high value of  CYFRA 21-1 with 
low CEA in the pleural fluid can identify patients with me-
sothelioma, while Dejmek used a combination of  CEA, 
epithelial membrane antigen, BerEp4 and hyaluronan in 
this setting, with a sensitivity of  79% and a specificity 
of  100%[44,46]. A meta-analysis of  published data showed 
good performance with both CEA and CYFRA 21-1 in 
the differential diagnosis of  pleural effusions. The major-
ity of  these studies was focused on pleural effusions (which 
are much more common and easily drained) but similar re-
sults have been obtained in pericardial effusions[47,48]. More 
recently, Her-2/neu has been added to the panel of  pos-
sible markers in lung carcinoma effusions, but CEA is still 
the most accurate single diagnostic marker, followed by 
CYFRA 21-1, and the combination of  a CEA > 6 ng/mL  
and CYFRA 21-1 > 60 ng/mL resulted in a sensitivity of  
97.6% and a specificity of  91.4% in the most recent re-
port[49]. After drainage of  the pericardial fluid, samples of  
fluid are sent both to microbiology and pathology labo-
ratories for culture, chemical tests and neoplastic marker 
dosages. The remaining fluid should be sent immediately 
to the pathology laboratory for centrifugation and cyto-
logical diagnosis, or refrigerated at 4℃.

Pericardioscopy has been suggested to further define 
the etiology of  pericardial effusions, in general allowing 
mirate biopsies, and has been reported to significantly 
raise the probability of  obtaining a diagnosis, compared 
to effusion cytology and fluoroscopy-guided biopsy, in 
the neoplastic setting[50-54]. In the diagnostic algorithm 
suggested by the European Society of  Cardiology, peri-

cardioscopy has been included among the optional pro-
cedures if  other tests (ECG, blood analysis and effusion 
fluid analysis) are inconclusive (indication class Ⅱa)[55].

TREATMENT
The goals of  treatment may be simply to relieve symp-
toms (cardiac tamponade or dyspnea), to prevent recur-
rent effusion for a long-term symptomatic benefit, or 
to treat the local neoplastic disease with the aim of  pro-
longing survival. Immediate relief  of  symptoms may be 
obtained with percutaneous drainage or with a surgical 
approach. For the long term prevention of  recurrences, 
various approaches have been proposed: extended drain-
age, pericardial window (surgical or percutaneous balloon 
pericardiostomy), sclerosing local therapy, local and/or 
systemic chemotherapy, radiation therapy (RT) (exter-
nal or with intrapericardial radionuclides). It is hard to 
compare the efficacy of  these methods on the basis of  
the many reports on the topic, because the diagnosis is 
often not well defined (large pericardial effusion in a pa-
tient with cancer classified as “malignant” even without 
cytology or neoplastic marker confirmation, as discussed 
above). The efficacy criteria, which are necessarily arbi-
trary, change in different reports and few prospective 
randomized studies have been published. Moreover, most 
of  the older reports consider an intervention success-
ful if  the patient survived for 30 d without recurrence 
of  symptoms or tamponade[56,57]. This approach has two 
main defects: first, the fixed time of  observation (a patient 
dying for non-cardiac causes without pericardial disease 
would be considered as “unsuccessfully treated”, while 
one with relapsing tamponade after 32 d would be consid-
ered successfully treated); and second, cardiac tamponade 
depends not only on the entity of  pericardial effusion but 
also on many variables, such as blood volume, right and 
left ventricular wall thickness and rate of  accumulation of  
pericardial fluid. Moreover, one of  the main signs (pulsus 
paradoxus) may be absent with atrial septal defect, left 
ventricular dysfunction or regional tamponade[58-60]. These 
limitations (particularly in cancer patients that can have a 
variety of  concomitant problems, such as pleural effusion, 
intrathoracic masses, anaemia, low blood proteins, which 
can mimic signs and/or symptoms of  cardiac tampon-
ade or heart failure) have been thoughtfully addressed by 
Vaitkus et al[61] in a 1994 review in which several treatment 
approaches were compared. In this review, the authors 
considered an intervention “successful” if  the patient 
survived the procedure, the symptoms did not recur, and 
no other interventions directed at the pericardium were 
required, regardless of  the length of  survival”. This defi-
nition still has two limitations: first, there are the above 
mentioned problems in assessing symptoms, and second, 
the decision to undertake subsequent interventions may 
depend on the attitudes of  both the physician and patient. 
The outcome would be better evaluated with objective 
outcomes, such as a complete response, partial response, 
stable disease and progression, as usual with solid tumors. 
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However, effusions are considered “not measurable” in 
oncologic staging[62]. Nevertheless, a semiquantitative as-
sessment of  pericardial effusion is possible by measuring 
the daily drained fluid from the catheter or by echocar-
diography, as done usually in the more recent reports[63,64].

Percutaneous drainage
In large pericardial effusions, percutaneous drainage us-
ing the Seldinger technique is useful to prevent or rapidly 
relieve symptoms of  tamponade. Echocardiographic guid-
ance reduces the risk of  cardiac puncture or other compli-
cations, and is the presently accepted routine method[65]. 
Without any additional treatment, the rate of  recurrence is 
high (up to 40%) and by extending the drainage for several 
days, the rate of  recurrence is reduced[66]. Systemic CT 
without further local interventions has been reported to be 
effective in lymphomas and in some cases of  solid tumors 
(mostly breast and ovarian)[67-72].

Surgical treatment
The most commonly used surgical approach is pericar-
diotomy or the creation of  a pericardial window con-
nected to a drainage tube or draining into the pleural or 
peritoneal space (using the subxiphoid approach, a left 
thoracotomy or a ballon catheter). The efficacy of  this 
approach may be due, not only to the creation of  a per-
sistent communication through which fluid is drained, but 
to the inflammatory process that promotes adhesion be-
tween parietal and visceral pericardium, as confirmed by a 
small autopsy study[73]. In a prospective study from Duke 
University, surgical subxiphoid pericardiotomy was done 
under local anesthesia in 77% of  57 patients with various 
diseases, with general anesthesia required in the others. 
Effusion recurred in 8 patients in 2 mo and in 9 (16%) in 
the first year. In the subgroup of  neoplastic pericardial ef-
fusion (n = 13), the mortality was 54% at 2 mo and 92% 
at 12 mo follow-up[74]. In a report of  67 patients (26 with 
cancer, 14 with neoplastic pericardial involvement) treated 
with subxiphoid pericardial drainage, the overall success 
rate was 82%, but the median survival was 393 d in cancer 
patients with negative cytology vs 122 d for those with ma-
lignant pericardial involvement. No data on concomitant 
antineoplastic therapies were reported[75]. In a larger study 
by Becit et al[21], 368 patients had subxiphoid surgical perci-
cardiostomy connected to an external drainage tube. Gen-
eral anesthesia was used in 6% (mostly children), while 
local anesthesia with sedation (ketamine) was used in 94%. 
Within 1 mo, 37 patients (most with tuberculous and ure-
mic pericarditis) had relapsing pericardial effusion and had 
a pleuropericardial window made, without any recurrence 
thereafter. Eleven patients (3%), all in the bacterial peri-
carditis group, developed constrictive pericarditis requir-
ing pericardiectomy. In a retrospective study, the risks and 
efficacy of  subxiphoid pericardiostomy vs percutaneous 
pericardial drainage was compared in 117 patients[76]. The 
authors reported a significantly higher mortality (1/23, 4% 
vs 0/94) and complication rate (4/23, 17% vs 1/94, 1.1%) 

in the pericardial drainage group. It should be noted, how-
ever, that pericardiostomy was the first choice method 
of  treatment, and percutaneous drainage was limited to 
patients “considered too hemodynamically unstable to 
undergo surgical subxiphoid pericardiostomy, even under 
local anesthesia”. The patients with underlying malignancy 
were 64/117, and this subgroup had a median survival of  
2.2 mo and a 1-year actual survival rate of  only 13.8%, 
regardless of  drainage technique. On the other hand, a 
more recent retrospective analysis of  60 neoplastic peri-
cardial effusions treated either with percutaneous (n = 
10) or surgical pericardiostomy (n = 50) did not report 
any death and did not observed any difference in time to 
recurrence in either group. The median overall survival 
was 6.1 mo, and was higher (7.9 mo) in patients with ad-
enocarcinoma than in other cytologic types (1.25 mo, P < 
0.01). Gross, describing the outcome of  43 solid cancer 
patients treated with different surgical approaches (21 
subxiphoid pericardial window, 14 pleuropericardial win-
dow and 8 pericardiodesis with thiotepa), reported 2.1% 
mortality (myocardial rupture during finger exploration of  
the pericardial space), and 6.4% morbidity. Most of  the 
patients had concomitant chemo- or RT and the median 
overall survival was 5.2 mo in patients with breast cancer 
and 3.2 mo in the others[77]. In the early 1990s, the use 
of  percutaneous balloon pericardiotomy was suggested 
as an alternative, less invasive intervention. The method 
appeared to be safe, with short-term success in prevent-
ing tamponade, but the long-term outcome was poor in 
the large subgroup of  neoplastic patients, with a mean 
survival of  3.3 mo[78]. In the following years, the technique 
was modified with the use of  an Inoue balloon catheter 
and a double-balloon. The inflation of  two adjacent bal-
loons might have some advantages over a single large 
balloon: stronger tension and more secure location in the 
pericardial space. In a retrospective analysis of  50 patients 
with cancer, Wang reported a 90% success rate (prevention 
of  recurring effusion) using this method, but a median 
survival rate of  4 mo overall, with a significantly shorter 
survival in the cytology positive subgroup[79]. Complica-
tions were fever (30%) and pneumothorax (20%). More 
recently, the outcome of  43 patients, with various can-
cers, treated with primary single balloon pericardiostomy 
has been reported[80]. In this report, pain was a common 
side effect and required opioids before and during the 
procedure; 7.4% of  patients had reaccumulation of  fluid 
requiring reintervention, and the median survival was only 
56 d. The authors suggested this technique as the manage-
ment of  choice for malignant pericardial effusion, but an 
editorial comment suggested to consider this approach 
as a second choice after percutaneous catheter pericardial 
drainage[81].

Sclerosing therapy
The rationale for pericardial sclerosis is to mechanically 
prevent the reaccumulation of  effusion after drainage, 
promoting adhesion of  the visceral and parietal pericardial 
layers. 
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“Pure” sclerosing agents: The first agents used for this 
purpose were antibiotics, such as powdered tetracycline 
and doxycycline, according to previous favourable expe-
rience in pleural effusions. The rationale was to induce 
irritation, inflammation and subsequent fibrosis, but the 
exact mechanism of  action of  these agents is not yet 
clear. In fact, other irritating agents (such as sodium hy-
droxide) do not cause pericardial symphysis[82-85]. Actually, 
a cytostatic activity has been suggested as contributing to 
the therapeutic effect of  tetracycline[86]. The main adverse 
effects of  these agents were pain (reported in 20% of  pa-
tients in spite of  the addition of  intrapericardial lidocaine, 
with occasional severe pain), fever (7%) and paroxysmal 
atrial fibrillation (8%). Minocycline, a tetracycline derivate, 
has also been suggested for pericardial sclerosis, but it 
caused severe pain in the majority of  patients (sometimes 
requiring opiates to be controlled), and the sclerosing ef-
fect was found to be independent from the acute irritative 
effect of  the drug[87,88]. The largest study on tetracycline or 
doxycycline sclerosis reported an outcome of  93 cancer 
patients (69 with positive and 21 negative cytology, 3 not 
determined), of  whom 85 received sclerosis. The proce-
dure was complicated by pain in 17 (20%), fever in 7 (8%), 
atrial fibrillation or flutter in 6 (7%) and was effective in 
75 (81%). However, 50 patients required > 2 instillations 
and the median dose used was 1500 mg[84]. 

Cytotoxic sclerosing agents: Bleomycin (BLM), an anti-
cancer agent with sclerosing properties used in pleural and 
peritoneal effusion for chemical pleurodesis, has been test-
ed also in pericardial effusions. In one of  the first reports, 
5 patients (all also receiving systemic CT) had 30-60 mg 
of  BLM intrapericardially, resulting in complete control of  
effusion in all cases. In 2 cases, an autoptic study was avail-
able and residual pericardial tumor implants were still pres-
ent[89]. In one report, 5/5 patients treated by intrapericar-
dial BLM had a survival rate of  1-29 mo without effusion 
recurrence (but no mention was made of  post-mortem 
histopathology), and in another study, 5/7 had stable con-
trol of  effusion[90,91]. In a randomized prospective study on 
20 patients, BLM was as effective as doxycycline as a scle-
rosing agent (82% vs 67% without recurring effusion), but 
with much less morbidity (no pain in the BLM group vs 
7/10 patients with pain requiring narcotic analgesics in the 
doxycycline group)[92]. In a prospective randomized study, 
the outcomes of  79 lung cancer patients with pericardial 
effusion (58 with positive cytology) treated either with 
intrapericardial BLM or pericardial drainage alone were 
compared[93]. There were 9 early deaths within 30 d (5 in 
the drainage arm and 4 in the BLM arm), 1 case of  con-
strictive pericarditis and 1 of  cardiac dysfunction, both in 
the BLM group. The median effusion failure-free survival 
was 30 d in the drainage alone arm and 57 d in the BLM 
arm (P = 0.03 by log-rank test), but in the subgroup analy-
sis this advantage was more evident in the cytology nega-
tive patients. Moreover, the patients with surgical drainage 
had a longer effusion failure-free survival compared to 
those undergoing drainage with a Seldinger technique. 

Another confounding aspect was that 24 patients received 
systemic CT. The actual efficacy of  sclerosing therapy 
was not fully evaluable in this heterogeneous group of  
patients. The immunomodulator OK-432 (a penicillin-
treated powder) used in Japan for pleurodesis has also be 
tested in the pericardium, but it had several, frequent side-
effects: fever, pain and rapid reactive reaccumulation of  
fluid[94,95]. Cytokines (interferon α, β, interleukin-2) have 
been used in various effusions (mostly pleural) with few 
side effects but the reported response rate ranged from 
10% to 70% in different studies[96-98]. The intrapericardial 
use of  these agents was limited, and is presently not com-
monly used. Triethylenethiophosphoramide (thiotepa) is 
another anticancer agent with sclerosing properties used 
for local therapy with good results and few side effects. A 
retrospective study on 60 patients (30 only with positive 
cytology) were treated either with intrapericardial sclerosis 
with thiotepa or surgery (pericardial window or partial 
pericardiectomy). This study showed no advantage of  this 
procedure over another in preventing effusion recurrence, 
but pericardiocentesis was more cost-effective[99]. In this 
study, the morbidity and recurrence was higher using a sur-
gical approach rather than pericardiocentesis. The overall 
median survival was 97 d, however, considering different 
tumors, patients with breast cancer had a median survival 
of  407 d and those with lymphoma or leukemia had a me-
dian survival of  138 d. On the other hand, there was no 
difference in survival with respect to the type of  drainage 
procedure performed; no subgroup analysis was associ-
ated with systemic CT. In a study by Bishiniotis et al[64] 
on 19 women with breast cancer and cytology positive 
pericardial effusion treated with intrapericardial thiotepa 
(9 with systemic CT in addition), 15 had complete con-
trol of  effusion at 6 mo follow-up and 4 had only mild 
(< 0.5 cm) recurrent or residual pericardial effusion. The 
median survival in these patients was 330 d. Thiotepa was 
used by Martinoni et al[100] in 33 patients (16 breast cancer, 
15 lung cancer, 4 different tumors) with cytology positive 
effusions, without recurrence in 30 patients at a follow-
up of  22 to 1108 d (median 115 d). All patients also re-
ceived systemic CT, and the overall survival was longer in 
the breast cancer subgroup compared to the lung cancer 
group (median 272 d vs 85 d). The better outcome of  
breast cancer compared to other solid tumors has been 
reported by other authors[101].

Local chemotherapy
The rationale of  local chemotherapy is to obtain a higher 
local concentration of  the antineoplastic drug. There have 
been very few pharmacokinetic studies performed on 
intrapericardial chemotherapy, but all confirm this hypoth-
esis. Intrapericardial instillation of  teniposide (VM 26) in 3 
patients resulted in very high concentrations of  the intra-
pericardial drug (peak > 190 μg/mL) lasting up to 3 d (area 
under the curve of  > 2600 μg/mL per hour), with very 
low plasma concentrations (< 1.7 μg/mL), while with in-
travenous infusion, the peak intrapericardial concentration 
was only < 5 μg/mL[102]. 5-fluorouracil had similar phar-
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macokinetics[103]. The pharmacokinetics of  carboplatinum 
(300 mg given intrapericardially and removed after 40 min) 
were studied by Moriya et al[63] in 7/10 patients with lung 
adenocarcinoma, obtaining similar results. In this study, 
there was one non responder and one recurrence after 
89 d, which responded to repeated local carboplatinum. 
The survival was 29 to 176 d (median 69 d). The phar-
macokinetics studies using various intrapleural or intra-
peritoneal chemotherapic drugs (doxorubicin, docetaxel, 
liposomal paclitaxel) always showed much higher local 
concentrations of  the drug, compared to plasma concen-
trations, and a much longer persistence of  the drug in the 
cavity, while the reabsorbed drug was quickly cleared from 
plasma[104-106]. The use of  intrapericardial cis-platinum 
(DDP) was first reported in 1985 in a single case treated 
with 10 mg over 5 continuous days[107]. The same schedule 
was used by others in a small series of  mostly lung cancer 
patients, obtaining good results[108-110]. In a study on 9 pa-
tients with various tumors, Tomkowski et al[111] had 2 long-
lasting responses in lung adenocarcinoma also treated with 
systemic CT, but most of  the patients died of  cancer with-
in 3 mo, and in all of  the 7 patients who had an autopsy, 
neoplastic pericardial involvement was found even without 
pericardial effusion. Maisch et al[112] used 30 mg/sm of  
DDP in a single administration (removing the drug after 
24 h) in 42 patients with various tumors also undergoing 
systemic CT, and observed a relapse in 3/8 (37.5%) breast 
cancer cases, 1/22 lung cancer cases, 1/2 Hodgkin’s cases 
and in the only mesothelioma patient; the mean survival 
was 2.8 + 1.3 mo. Bischiniotis et al[113] used 10 mg of  DDP 
over 3 continuous days in 25 cases of  lung adenocarci-
noma, obtaining complete disappearance of  effusion in 13 
cases and residual small (< 0.5 cm) effusion in 9 cases; a 
surgical approach was necessary in 1 case of  DDP failure 
and in 1 case of  tumor encasement of  the heart. In a re-
cent study, 7 patients with esophageal cancer were treated 
with local DDP (10 mg 2-5 times), obtaining complete 
remission in all cases. The 4 patients who received local 
CT only survived 61-104 d, while those who were treated 
with systemic CT as well survived 126-268 d[114]. Other 
chemotherapeutic agents have been used intrapericardially; 
e.g. nitrogen mustard, mitomycin C, mitoxantrone, 5-fluo-
rouracil, but only case reports or small series have been 
published, making it impossible to judge the response 
rates[57,115-117]. Musch et al[118] in 2003, reported 12 complete 
remissions and 3 partial remissions (small pericardial effu-
sion) among 16 patients (8 bronchial, 7 breast, 1 stomach 
carcinoma) treated with 10-20 mg of  mitoxantrone left in 
the pericardium for 24 h; the follow-up lasted 28-730 d  
(mean 6 mo). In a multicenter series of  various tumors, 
the mean effusion-free period of  the patients treated with 
local chemotherapy (various agents) was 372 d (median 
223 d); at 1, 2, 6 and 12 mo, 58%, 52%, 33% and 16%, re-
spectively, were completely effusion-free. In the subgroup 
of  88 lung cancer patients, the mean effusion-free period 
was 271 d (median 215 d) and the percentages for com-
pletely effusion-free at 1, 2, 6 and 12 mo were 65%, 57%, 
35% and 18%, respectively[119]. 

Radiotherapy
External beam radiotherapy has been used for radiosensi-
tive tumors, such as lymphomas, acute and chronic leuke-
mias and breast cancer[120]. The intrapericardial instillation 
of  radioactive agents, such as 32P colloid, has been used with 
a success rate of  > 90%; a single dose of  5 mCi 32P colloid 
would result in a total irradiation dose of  > 100 Gy[121,122].  
The mechanism is probably a combination of  cytotoxic 
effect and post-inflammatory adhesion. Although this 
therapy is apparently well tolerated, it has not become 
very popular, probably due to concern about radiation risk 
and the availability and cost of  the radioactive colloid. 

Combined surgical and medical approach
In a series of  51 cases of  cardiac tamponade caused by 
lung cancer (90% with positive or suggestive cytology) 
treated with subxiphoid pericardial window, 31 did not re-
ceive any local treatment, 20 had intrapericardial injections 
of  one or more of  doses of  mitomycin C, tetracycline 
hydrochloride or doxorubicin[123]. There was no signifi-
cant difference in either therapeutic response (82% and 
90%, respectively) or patient survival rates between the 
two treatment sub groups; 41 (80%) and 25 (49%) also 
received systemic CT or RT. Of  28 patients on whom 
autopsies were done, extensive neoplastic involvement 
of  the heart was found in 6 (21%), diffuse fibrofibrinous 
adhesion between the epicardium and pericardium in 18 
(64%) and partial adhesion with recurrent pericardial effu-
sion in 4 (15%).

DISCUSSION
The epidemiology, possible therapies and prognosis of  
neoplastic pericardial diseases have changed over time. 
Currently, symptomatic pericardial effusions are more 
frequently due to lung cancer, hematologic malignancies 
and, in some communities, to mesothelioma, while breast 
cancer is less represented compared to the past. The 
prognosis of  breast cancer pericarditis is better than that 
of  lung cancer. Very few prospective randomized studies 
have been performed on different therapies, and the com-
parison of  many observational studies is difficult since, 
in the largest studies, different tumors and/or different 
treatments were analyzed together. The most important 
bias in the articles reporting the efficacy of  various local 
treatments is the fact that many or all patients also re-
ceived systemic CT, making it difficult to discriminate the 
relative efficacies of  the interventions. There is only one 
study that separately analyzed the patients treated with 
pericardial sclerosis, local, systemic and combined CT in 
a group of  137 patients (61 lung cancer). Simple drain-
age or sclerotherapy had significantly lower success rates 
compared to any CT. Among solid tumors, both local and 
combined (systemic and local) CT showed a statistically 
significant advantage compared to systemic CT alone, 
while in the lymphoma patients, the outcomes were simi-
lar regardless of  the method of  administration of  CT[124]. 
This finding might be explained in two ways: first, lym-
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phomas are usually very chemosensitive, and even lower 
drug concentrations may be effective; and second, as lung 
and other intrathoracic tumors metastasize to the heart 
mostly through the lymphatics, and lymphomas often 
through the hematogenous route, the effect of  a drug ad-
ministered or reabsorbed through the same way is stron-
ger. In fact, the use of  translymphatic CT in lung cancer 
has been recently proposed[125]. In a study comparing the 
four main strategies, there was little difference between 
local CT and local plus systemic CT regarding the rate of  
effusion control. However, the patients receiving a com-
bined treatment survived longer. The rationale for local 
CT actually is to obtain local control of  the disease, but 
the addition of  systemic CT, acting on other possible met-
astatic sites, may favorably influence survival. Regarding 
drugs to be employed locally, it seems reasonable to use 
the most active drug for each single tumor. Mitoxantrone 
is effective in breast carcinoma and lymphomas, BLM is 
currently used in systemic CT of  head/neck carcinomas, 
squamous cell carcinoma, Kaposi sarcoma and both 
Hodgkin’s disease and NHL. Thiotepa is active in breast, 
bladder, ovarian carcinomas and in Hodgkin’s disease. 
Platinum is indicated in testis, ovarian, bladder, lung (both 
small cell and non-small cell), gastric carcinomas, in me-
sothelioma and in NHL. Taxanes are also active in breast 
and lung carcinoma and have been proven to be effective 
in animals, but their use for neoplastic pericardial disease 
in the clinical setting has not yet been reported[126,127]. 

CONCLUSION
The incidence of  neoplastic pericardial disease, in gen-
eral, and its prevalence among different primary tumors, 
have shown little change over time and may differ widely 
among different populations. Overall, it is more frequent 
in lung cancer patients. The diagnosis may be challenging 
in some particular patients, but with the use of  multiple 
diagnostic methods (cytology, immunohistochemistry and 
dosage of  neoplastic markers in the pericardial fluid), it 
may be defined in almost all cases.

Therapy should be limited to the control of  symp-
toms in terminally ill patients only. In all patients that have 
a chance of  surviving at least a few months, the goals 
should be to obtain a complete and stable control of  effu-
sion as long as possible, and to try to improve survival as 
well. The first goal may be obtained both with sclerosing 
agents and with local CT. Among the sclerosing agents, 
BLM and thiotepa (both with cytotoxic effects as well) 
have been successfully used with fewer side effects com-
pared to tetracyclines and seem to be mostly indicated for 
breast carcinoma. Among the “pure” chemotherapeutic 
agents, platinum and mitoxantrone are the most tested 
and, according to their use in systemic CT, platinum is 
suggested for lung and ovarian carcinomas and for me-
sothelioma, and mitoxantrone is suggested for breast and 
other carcinomas. The second goal (improving survival) 
may be obtained by systemic chemotherapy, possibly as-
sociated with local CT.

In pericardial effusion due to lymphoma, pericardio-
centesis may be limited to hemodynamically impaired 
patients, since systemic chemotherapy may be very effec-
tive. Among solid tumors, the most chemosensitive (such 
as breast and ovarian carcinoma) may also be treated with 
systemic CT first. Should pericardiocentesis be performed 
(for worsening effusion or impending cardiac tamponade), 
local therapy with thiotepa, mitoxantrone, mitomycin C 
(or other drugs known to be effective for a given cancer in 
general, or in a particular patient) may be useful. Lung car-
cinoma is best treated with combined systemic CT and in-
trapericardial platinum. The most tested was cis-Platinum; 
different treatment schedules have been used for local 
instillation (10-20 mg in 20 mL over 3-5 continuous days, 
50 mg/50 mL in single bolus) without any evident advan-
tage of  one over others. Radiotherapy, balloon pericardio-
stomy or surgical creation of  a pericardial window may be 
considered in selected cases, such as relapsing tamponade, 
tumor encasement of  the heart or pericardial constriction. 
With a thoughtful diagnostic and therapeutic approach, 
many patients with neoplastic pericardial disease may sur-
vive without recurrence for several months or even years.
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Abstract
Aspirin is a wonder drug that has been used for well 
over 100 years for its analgesic and antipyretic effects. 
For the past three decades, it has increasingly been 
used for the prevention of primary and secondary car-
diovascular events. Lately, it has been suggested that a 
significant number of individuals taking aspirin have be-
come resistant to this drug. The phenomenon of “aspirin 
resistance” is based on the observation of clinical events 
in some patients taking aspirin, and/or a diminished 
platelet aggregation inhibitory response to aspirin thera-
py. Unfortunately, laboratory assays used to monitor the 
efficacy of aspirin are far from accurate and the results 
are not reproducible. Furthermore, results of different 
platelet function tests are often not congruent. In ad-
dition, platelet aggregation studies show marked inter-
individual and intra-individual variability. Patients with 
coronary heart disease take many drugs that interfere 
with the effect of aspirin on platelet aggregation. Be-
sides inhibiting formation of thromboxane A2 from ara-
chidonic acid, aspirin has a host of platelet-independent 
effects that complement its platelet inhibitory effects. 
Laboratory assays designed to measure platelet func-
tion do not take into account these pleiotropic effects of 
aspirin. In our view, use of the term “aspirin resistance” 
based on inadequate knowledge of imperfect laboratory 
tests does a disservice to physicians and patients.
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INTRODUCTION
A substance called salicilin was first isolated from the bark 
of  willow tree by Reverend Edmund Stone in 1763[1]. 
In 1897, acetylsalicylic acid was marketed by the Bayer 
Company as Aspirin® as an analgesic[2,3]. When other non-
steroidal anti-inflammatory drugs (NSAIDs) were intro-
duced in the 1950s, the popularity of  aspirin declined. In 
the 1970s and 1980s, research revealed potent anti-platelet 
and cyclooxygenase (COX) inhibitory actions of  aspirin. 
Soon thereafter, aspirin started being used as a first-line 
drug in patients with a variety of  cardiovascular disease 
states.

The Antithrombotic Trialists’ Collaboration[4] showed 
a 12% reduction in major vascular events in primary pre-
vention trials. This was primarily driven by a reduction in 
myocardial infarction. There was no significant effect of  
aspirin on the incidence of  stroke or vascular mortality. 
The reduction in major coronary events was similar in 
both primary and secondary prevention trials [relative risk 
(RR) 0.82 for primary prevention and RR 0.80 for second-
ary prevention]. The absolute benefit of  aspirin in primary 
prevention trials was 0.06% per year and in secondary 
prevention trials was 1% per year. There was a significant 
20% reduction in stroke in secondary prevention trials. In 
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a recent meta-analysis of  six studies of  aspirin in primary 
prevention in patients with diabetes mellitus[5], however, 
no significant reduction in the risk of  cardiovascular or 
all-cause mortality was identified. Although there was a 
heterogeneity in the rate of  myocardial infarction and 
stroke, aspirin reduced the risk of  myocardial infarction 
in men [odds ratio (OR), 0.57; 95% confidence interval 
(CI): 0.34-0.94], but not in women (OR, 1.08; 95% CI: 
0.71-1.65), and there was no benefit of  aspirin against 
stroke in men or women. Nonetheless, it is now generally 
accepted that aspirin exerts a powerful effect against car-
diovascular events in all secondary, and in some primary, 
prevention trials. Hence this drug is used in patients with 
known coronary heart disease and forms the background 
medication in all patients undergoing coronary, carotid, 
renal or peripheral artery revascularization.

This issue of  “aspirin resistance” is of  much inter-
est to patients and physicians, since aspirin is perhaps 
the most widely used drug worldwide. Almost 30 million 
people, or 36% of  the adult population in the United 
States, consume 10-20 billion aspirin tablets each year ei-
ther alone or with other antiplatelet drugs to protect their 
hearts and brains from platelet-rich clots, the leading cause 
of  heart attacks and strokes. 

A recent Medline search by the authors using the 
words “aspirin-resistance” revealed 364 published articles 
between 1993 and 2009, 116 published articles using the 
words “aspirin-resistance coronary disease”, and 52 pub-
lished article using the words “aspirin-resistance stroke”.

Antiplatelet therapy, whether it consists of  aspirin, 
clopidogrel, other antiplatelet drugs, or their combination 
is essentially unmonitored for efficacy. Whether it should 
remain unmonitored or if  the dose or type of  drug/s 
should be tailored for the individual patient is subject to 
debate. In this context, “aspirin resistance”, if  there is 
such a phenomenon, becomes very important. 

HOW DOES ASPIRIN WORK?
Aspirin acts on platelets by acetylating the COX enzyme 
at position serine 529 resulting in the reduced formation 
of  cyclic endoperoxides [prostaglandin G2 (PGG2) and 
PGH2] from arachidonic acid[6]. The inhibition of  the con-
stitutive COX enzyme is irreversible[6,7]. Since platelets are 
anucleated cells and cannot generate a new COX enzyme, 
the action of  aspirin lasts for the entire lifespan of  the 
platelets which is 7-10 d. The COX enzyme is required for 
the production of  the prostanoid thromboxane A2 (TXA2) 
from cyclic endoperoxides in platelets. TXA2 is a very po-
tent stimulus for platelet aggregation.

Besides arachidonic acid, platelets are activated in re-
sponse to epinephrine, collagen, thrombin, and adenosine 
diphosphate (ADP) (Figure 1). When there is injury to the 
vascular intima, circulating platelets are exposed to sub-
endothelial collagen, proteoglycans, fibronectin and other 
adhesive proteins. The resulting changes in platelets can be 
divided into adhesion, secretion and aggregation. For ad-
hesion, von Willebrand factor is necessary and serves as a 
bridge between collagen and platelets through its receptor 

glycoprotein (Gp) Ⅰb/Ⅸ[8]. This causes release of  cyto-
solic Ca2+ which facilitates the second phase or secretion. 
In this phase there is release of  alpha and dense granules. 
P-selectin released from alpha granules causes adhesion of  
monocytes and neutrophils to activated platelets[9]. Dense 
granules release ADP, a potent mediator of  the third 
phase of  platelet activation, namely platelet aggregation. 
ADP acts through the platelet specific receptor P2Y1 and 
mediates the action of  phospholipase A2 on membrane 
phospholipids[6]. This releases arachidonic acid, which is 
converted to endoperoxides via constitutive COX (COX-1); 
activation of  TXA2 synthase enzyme then converts en-
doperoxides to TXA2 in platelets[10]. In addition to ADP 
and TXA2, other stimuli, such as 5-hydroxytryptamine and 
epinephrine can initiate aggregation via specific receptors. 
The cytosolic release of  Ca2+ also causes a conformational 
change in platelet GpⅡb/Ⅲa receptors which allows the 
platelets to bind to fibrinogen[6]. These stimuli lead to a 
build-up of  Ca2+, which causes an autocatalytic reaction of  
platelet aggregation.

ASPIRIN CAN ACT THROUGH COX-
INDEPENDENT PATHWAYS BESIDES A 
COX-DEPENDENT PATHWAY
Aspirin has a myriad of  effects that are not limited to plate-
let inhibition through COX enzymes (Table 1). In plate-
lets, there is residual arachidonic acid-induced platelet acti-
vation in aspirin treated patients even after controlling for 
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Table 1  Cyclooxygenase-independent effects of aspirin

On platelets
   Partially inhibits ADP2Y12 receptor activation responsible for 
   residual arachidonic acid induced platelet activation[11]

   Blocks NF-κB activation that facilitates platelet inhibition by 
   neutrophils[12]

Anti-inflammatory effect
   Inhibits release of reactive oxygen species[13]

   Inhibits release of elastase and soluble ICAM-1[13]

   Inhibits formation of malondialdehyde[13]

   Inhibits formation of oxidized LDL antibodies[14]

   Reduces inflammatory cell activity[13]

Anti-oxidant effect
   Inhibits oxidized LDL formation[14]

   Blocks transcription of LOX-1[15,16]

   Scavenges hydroxyl radicals[17]

   Induces synthesis of ferritin[18]

   Inhibits nitric oxide synthase[19,20]

   Inhibits expression of redox sensitive transcription factor NF-κB[19,20]

   Acetylates proteins and prevents their oxidation[21,22]

Endothelial function modification
   Prevents adhesion of neutrophils and monocytes[23]

   Induction of VCAM-1, ICAM-1 and E-selectin[24,25]

Miscellaneous effects
   Inhibits vascular smooth muscle cell function[26]

   Inhibits angiogenesis[27-29]

   Inhibits γ-carboxylation of coagulation factors[30]

ADP: Adenosine diphosphate; NF-κB: Nuclear factor-κB; ICAM-1: Intra-
cellular adhesion molecule-1; LDL: Low density lipoprotein; LOX-1: Oxi-
dized LDL receptor. 



non-compliance and under-dosing. This platelet activation 
is independent of  the COX pathway and is dependent on 
ADP P2Y1 and P2Y2 receptors[11]. Through the nitric ox-
ide/nuclear factor-κB (NF-κB) pathway aspirin facilitates 
the inhibition of  platelet activation by neutrophils[12]. 

Other agents that inhibit COX expression or activ-
ity, such as NSAIDs, or the direct TXA2 synthase and 
receptor inhibitors inhibit platelet aggregation, but do not 
show the same beneficial effect against vascular disease as 
aspirin, suggesting unique vascular properties of  aspirin, 
independent of  the COX-TXA2 pathway[31].

Activation of  inflammatory pathways is intimately re-
lated to the pathogenesis of  atherosclerosis as well as the 
precipitation of  acute vascular events. Aspirin reduces in-
flammatory cell activity, release of  elastase and soluble in-
tracellular adhesion molecule-1 (ICAM-1), and formation 
of  malondialdehyde and oxidized low density lipoprotein 
(LDL) antibodies[13]. 

Aspirin has significant antioxidant properties. Accord-
ingly, it protects LDL-cholesterol from oxidation. Oxidized 
LDL is now recognized to be a more potent mediator 
than native LDL in atherogenesis[32]. Aspirin also exerts 
some of  its antiatherogenic effect via a reduction in oxi-
dized LDL formation[14]. The salicylate moiety in aspirin 
blocks the transcription of  Oxidized LDL receptor 1, 
a receptor for oxidized LDL, in endothelial cells[15] and 
platelets[16]. Aspirin can also scavenge hydroxyl radicals[17]. 
Aspirin has been demonstrated to induce synthesis of  fer-
ritin that sequesters free cytosolic iron which is the main 

catalyst for oxygen radical formation[18]. Lastly, aspirin in-
duces a small reduction in blood cholesterol[33].

Aspirin inhibits cytokine-inducible nitric oxide syn-
thase gene expression, an effect that involves the activa-
tion of  redox-sensitive transcription factor NF-κB[19,20]. 
Via its acetyl moiety, aspirin can acetylate e-amino groups 
of  lysine residues in proteins and prevent their oxida-
tion[21,22]. This effect of  aspirin on proteins is important 
in limiting both lipoprotein and fibrinogen oxidation[21,22], 
with resultant reduction in inflammation in patients with 
vascular disease[34]. 

Aspirin improves the dysfunctional state of  the endo-
thelium[23] and prevents the adhesion of  neutrophils and 
monocytes to the activated vascular endothelium. This 
effect is mediated via inhibition of  NF-κB activation and 
induction of  various adhesion molecules, such as vascular 
cell adhesion molecule-1, ICAM-1 and E-selectin[24,25]. In 
clinical disease states, aspirin has been shown to normalize 
nicotine-induced endothelial dysfunction[35] and to restore 
the forearm vasodilatory effect of  acetylcholine in hyper-
cholesterolemic patients[36].

Aspirin, in high concentrations, inhibits growth of  hu-
man vascular smooth cells in culture[26]. This property of  
aspirin may have a salutary effect after percutaneous inter-
vention in terms of  restenosis at the site of  angioplasty or 
stent placement. Aspirin can reverse hypoxia-induced cor-
onary vasoconstriction[37], a mechanism that contributes 
to aspirin’s effect on vascular tone following percutaneous 
coronary intervention.
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Figure 1  Pathways of platelet aggregation. Platelets can be activated in response to collagen, von Willebrand factor (vWF) and tissue factor when there is injury to 
the endothelial lining. A host of other stimuli, such as adenosine diphosphate (ADP), 5-hydroxytryptamine (5-HT), epinephrine and thromboxane A2 (TXA2), can initiate 
aggregation via specific receptors. The end-point is the rise in cytosolic Ca2+ which induces platelet activation/aggregation. Externalization of glycoprotein (Gp)Ⅱb/Ⅲa 
receptors causes fibrin bands to bind to different platelets. Aspirin interferes with the conversion of arachidonic acid (AA) to TXA2 and inhibits the rise in cytosolic Ca2+ 
and subsequent platelet aggregation.
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Aspirin also has a modest anticoagulant effect. Salicy-
late, a metabolite of  aspirin, can inhibit γ-carboxylation of  
coagulation factors Ⅱ, Ⅶ, Ⅸ and Ⅹ[27-29]. The fibrinolytic 
activity of  blood increases with aspirin and is mediated by 
acetylation of  the e-amino groups of  lysine residues. 

Both COX-1 and COX-2 are important in the regula-
tion of  angiogenesis. Aspirin inhibits angiogenesis, which 
is an essential step in the growth of  atherosclerosis. This 
inhibitory effect of  aspirin is mediated via inhibition of  
mitogen-activated protein kinase activity on endothelial 
cells[30]. 

WHAT IS “ASPIRIN RESISTANCE”?
There is no consensus definition of  “aspirin resistance”. 
This phenomenon has been described based on clinical 
assessment or on the results of  laboratory tests that assess 
platelet activation. A recent article in the European Heart 
Journal has aimed at obtaining a consensus definition 
for aspirin resistance. The clinical definition of  “aspirin 
resistance” relates to the occurrence of  thromboembolic 
events despite aspirin intake. In the laboratory, “aspirin re-
sistance” has been defined as the failure to inhibit platelet 
reactivity despite taking antiplatelet drugs. However clini-
cal resistance to aspirin has often been termed ‘treatment 
failure’. Not all patients with ‘treatment failure’ have labo-
ratory evidence of  aspirin resistance and vice versa[38]. 

The reported prevalence of  “aspirin resistance” is 
variable[39-74] with a rate of  approximately 8.3% in healthy 
adults (Table 2). In subjects with one or more risk factors 
its prevalence ranges from 0.7% to 23.4%. In patients 
with stable coronary artery disease, again a wide range 
has been noted, with the prevalence as high as 29%. In 
patients with acute myocardial infarction, congestive heart 
failure and peripheral vascular disease, and in others un-
dergoing coronary artery bypass grafting or percutaneous 
coronary intervention, the reported prevalence of  “aspirin 
resistance” has been as high as 50%-70%. However, based 
on the results from a combination of  three of  the most 
commonly used laboratory tests (VerifyNow®, optical ag-
gregometry, PFA-100®), the prevalence rate is approxima-
tively 2% in patients with transient ischemic attacks and 
stroke[74].

Laboratory evaluation of platelet activation
Most of  the variability in the prevalence of  “aspirin resis-
tance” is due to different platelet function tests that are 
used to assess platelet activation. The tests used include 
light transmission aggregometry, whole blood aggregation, 
flow cytometry and point-of-care tests. Indirect measure-
ment of  TXA2 formation include serum TXB2 and urinary 
11-dehydro-TXB2. However, measurement of  TXA2 me-
tabolites does not take into account formation of  TXA2 by 
non-platelet sources, such as endothelial cells, leukocytes 
and renal tissue[11]. 

Light transmission and impedance aggregometry have 
been the gold standard for measuring platelet aggregation 
function. Many point-of-care assays have been developed 

to study platelet activation. Some of  these assays assess 
COX-dependent pathways and others include COX-inde-
pendent pathways. The most common of  these point-of-
care assays are VerifyNow® and PFA-100®. A comparison 
between PFA-100®, platelet aggregometry and GpⅡb/Ⅲa  
flow cytometry found little correlation between the results 
obtained from these three methods[75]. Some investigators 
have also used measurement of  aspirin metabolites and 
bleeding time to assess the efficacy of  aspirin.

PFA-100® assay
This test uses cartridges coated with platelet agonists (ei-
ther collagen/ADP or collagen/epinephrine). The time 
for platelet plug to close the central opening (closing time) 
is used as a measure of  platelet reactivity[10,76]. This test 
is thought to simulate platelet function in vivo and can be 
considered an in vitro equivalent of  bleeding time[76]. “As-
pirin resistance” is defined as: closing time < 193 s using 
collagen/epinephrine, and < 121 s using collagen/ADP as 
agonists[44]. This test is unfortunately not aspirin-specific. 
It correlates well with light transmission aggregometry. 

VerifyNow® assay
This is a point-of-care platelet aggregation test that cor-
relates with the results obtained with light transmission 
aggregometry. Response to aspirin is reported in aspirin 
resistance units. The extent of  COX inhibition is believed 
to be measured by this assay[77,78]. “Aspirin resistance” is 
usually taken as ≥ 550 units[46].

Light transmission and impedance aggregometry 
assays
Light transmission aggregometry measures optical density 
of  plasma after platelet aggregation with an agonist. The 
problem with this test is lack of  standardization as to the 
choice of  agonist/s and their concentration. For example, 
platelet aggregation in a given person may be abnormal 
in response to ADP 1-5 μmol/L, but completely nor-
mal using higher concentrations. Furthermore, there is 
a marked variability in aggregation response to different 
agonists. Impedance aggregometry has the same principle, 
but utilizes whole blood instead of  plasma and measures 
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Table 2  Reported prevalence of “aspirin resistance”

Prevalence (%) Ref.

Healthy adults              8.3 [38]

Risk factors      0.7-23.4 [39,40]

Stable CAD      0.4-29.2 [41-48]

CVD 12.5-56 [49-55]

CABG   7.1-54 [56-60]

PCI    12.7-26.2 [61-64]

MI      0.5-70.1 [65-70]

CHF            55.0 [71]

PVD   9.6-60 [72,73]

CAD: Coronary artery disease; CVD: Cardiovascular disease; CABG: Coro-
nary artery bypass grafting; PCI: Percutaneous coronary intervention; MI: 
Myocardial infarction; CHF: Congestive heart failure; PVD: Peripheral vas-
cular disease.
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electrical impedance instead of  light transmission[10]. This 
test assesses the role of  blood components including leu-
kocytes and clotting factors besides platelets in thrombus 
formation as a mild electrical current is passed through 
the whole blood. Again, the ideal agonist for thrombus 
formation has not been defined.

TXA2 metabolites 
Serum TXB2 and urinary 11-dehydro-TXB2 are metabo-
lites of  TXA2. They have been used to assess “aspirin 
resistance”. These are COX-1 dependent tests and are 
not platelet specific and do not necessarily reflect platelet 
reactivity. Serum TXB2 reflects TXA2 formation by en-
dothelial cells and leukocytes in addition to platelets. Uri-
nary 11-dehydro-TXB2 usually requires 24 h urine collec-
tion and reflects TXA2 formation by renal tissues besides 
platelets and leukocytes[79]. These tests were initially quite 
popular, but have lost their popularity because of  the 
time delay between aspirin intake and measurement in 
the laboratory. 

Thromboelastogram and impact cone and platelet 
analyzer
The thromboelastogram platelet mapping system is a 
point-of-care system that measures clot formation and 
lysis. This uses whole blood and requires pipetting. The 
impact cone and platelet analyzer is a point-of-care test 
that assesses shear-induced platelet adhesion[80]. 

Flow cytometric analysis
Monoclonal antibodies against platelet surface antigens, 
such as GpⅡb/Ⅲa, P-selectin, platelet monocyte ag-
gregates, thrombospondin and CD-40 ligand can be used 
to measure expression of  certain antigens. Expression 
of  these antigens has been found to be lower in patients 
treated with aspirin than controls[81].

Rapid platelet function assay
In this test, blood is run through a transparent fibrinogen-
coated cartridge with platelet agonists. When a thrombus 
forms on the surface, light transmission changes and 
reflects platelet aggregation[79]. This test is not aspirin-
specific.

Platelet reactivity
Venous blood is mixed with either EDTA-buffer or 
EDTA-formaldehyde buffer; activated platelets are dis-
persed in the former and fixed in the latter. The mixture is 
then centrifuged and only non-activated platelets remain 
in the supernatant. Platelet count in the supernatant (vs 
the platelet count in blood) is a reflection of  adherent 
platelets[79]. 

Bleeding time
This is the only in vivo test that measures platelet activa-
tion. It is independent of  coagulation factors and is a 
reasonably good index of  platelet function[79]. 

A recent consensus statement by the Working Group 

for antiplatelet drug resistance[38] states that the term 
laboratory resistance should be reserved for pharmaco-
dynamic resistance resulting from changes in enzyme or 
receptor. Aspirin hyporesponsiveness is defined as more 
than 10%-20% with light transmittance aggregometry 
and more than 0 ohms with impedance aggregometry. 
For determining aspirin-specific effects, the recommend-
ed test is arachidonic acid-induced aggregation or serum 
TXB2 levels. However, it should be noted that there is 
no evidence that any of  these laboratory values are as-
sociated with an adverse cardiovascular outcome. 

DOES “ASPIRIN RESISTANCE” REALLY 
EXIST? 
The phenomenon of  “aspirin resistance” is characterized 
by attenuated inhibition of  platelet aggregation in some 
patients taking aspirin. The term “aspirin resistance” came 
into use because some patients manifesting this phenom-
enon had cardiovascular events, presumably on the basis 
of  platelet activation[82]. However, a direct correlation 
between evolution of  cardiovascular events and ex vivo 
platelet activation has never been demonstrated. Also, 
the reduced platelet response (aggregation inhibition) in 
studies showing “aspirin resistance” was identified by dif-
ferent methods in different studies; some used platelet-
rich plasma, others used whole blood to assess platelet ag-
gregation, and yet others used serum TXB2 measurement. 
The concentration of  agonists used for inducing platelet 
aggregation varied widely in different studies, and the ago-
nists were different in different studies. Pitfalls in studying 
platelet activation with different stimuli have been de-
scribed earlier. Some investigators have shown that “aspirin 
resistance” may be present in some individuals using one 
particular stimulus, but not another. In addition, a person 
with “aspirin resistance” may not have “aspirin resistance” 
a week or two later. 

As mentioned earlier, there is residual platelet activa-
tion (primary wave of  aggregation) which is unaffected by 
aspirin treatment and is independent of  non-compliance 
and under-dosing of  aspirin. The residual platelet aggre-
gation may be quite marked in some individuals. As stated 
earlier, there are multiple pathways of  platelet aggregation 
(Figure 1) and most laboratory tests assess only one or 
two of  these pathways. Most of  these pathways are not 
entirely TXA2-dependent and, therefore, not aspirin-spe-
cific. Further, most studies on “aspirin resistance” did not 
measure baseline platelet function (i.e. before aspirin treat-
ment). In our opinion, the wide variation in the prevalence 
of  “aspirin resistance” reflects the underlying heterogene-
ity in platelet response from patient to patient.

There are multiple reasons for the phenomenon of  
diminished inhibition of  platelet aggregation in patients 
taking aspirin (Table 3). Non-compliance is perhaps the 
most likely cause of  “aspirin resistance”[49,83]. Use of  
concomitant medications, such as NSAIDs and proton 
pump inhibitors (PPIs), which affect COX enzyme kinet-
ics, can contribute to “aspirin resistance”. Age, gender 
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and smoking also reduce the platelet inhibitory effect of  
aspirin[47]. Hormonal changes in women have been shown 
to enhance platelet activation, and thus women may be 
more prone to show “aspirin resistance”[84]; others have 
disputed the presence of  this phenomenon[41]. There is 
also a diurnal as well as a seasonal increase in platelet 
activation related to catecholamine surge in the morning 
hours and during the winter months which may manifest 
as a diminished response to aspirin. Variation in pharma-
cokinetics is another cause of  “aspirin resistance”. Clinical 
conditions, such as diabetes mellitus, advanced coronary 
disease, chronic kidney disease, acute coronary syndromes, 
inflammation, obesity and bypass surgery, are character-
ized by an increased platelet aggregatory response to 
different stimuli, which may be characterized as “aspirin 
resistance”. We have observed serum TXB2 levels to rise 
with continued use of  aspirin (unpublished data), perhaps 
a response to the increase in platelet turnover and/or acti-
vation of  alternate sources of  TXA2 generation. 

Genetic polymorphisms have been noted to contrib-
ute to the diminished effect of  aspirin on platelet biology. 
Genetic polymorphisms involving GpⅢa (P1A1/A2 
polymorphism)[41,85,86] and COX-1 and COX-2[85-87] can 
lead to a variable effect of  aspirin on platelet function. 

It is also important to recognize that in conditions 
that are associated with infection and inflammation, non-
platelet sources such as monocytes, macrophages and 
endothelial cells, activate the COX-2 enzyme, resulting 
in increased formation of  TXA2 and increased levels of  
F2-isoprostanes. Such COX-1-independent mechanisms 
are especially relevant to patients with diabetes mellitus, 
hyperlipidemia, smoking and heart failure, all of  which 
are associated with augmented lipid peroxidation of  

arachidonic acid and consequent overproduction of  iso-
prostanes. Failure of  usual doses of  aspirin to completely 
inhibit TXA2 may be misinterpreted as aspirin resistance.

MANAGEMENT OF DIMINISHED 
RESPONSE TO ASPIRIN
The 2005 position paper of  the working group on aspirin 
resistance concluded that there was not enough evidence 
of  clinical improvement in changing treatment in aspirin 
resistance[83]. Some experts have recommended increasing 
the dose of  aspirin to overcome “aspirin resistance”[88,89]; 
others have refuted the usefulness of  this approach[6]. We 
believe that while most patients have adequate inhibition 
of  platelet aggregation with low doses of  aspirin, others 
need higher doses. Which patients are in the latter group 
is not known. Accordingly, we tend to prescribe a 325 mg 
daily dose to patients with multiple risk factors with evi-
dence of  ongoing vascular injury and inflammation, and 
to those who show evidence of  repeated coronary artery 
occlusion. Addition of  other antiplatelet agents such as 
clopidogrel and prasugrel to aspirin therapy might also 
help. A recent study shows that addition of  an omega-3 
fatty acid can overcome “aspirin resistance”[90]. 

In general, the use of  NSAIDs and PPIs in patients 
needing aspirin should be curtailed or kept at a minimum 
as these agents tend to reduce the availability of  aspirin. 
There may well be other agents that influence the phar-
macokinetics of  aspirin. Point-of-care tests, in our view, 
are not helpful in defining who is “aspirin resistant” and 
who is not.

CONCLUSION
Aspirin is a remarkable drug that reduces cardiovascular 
events and limits atherogenesis and perhaps develop-
ment. This drug works through a host of  mechanisms 
which are complementary to its platelet inhibitory effect. 
As such, use of  the term “aspirin resistance” based on 
imperfect test-tube measurements is a disservice to the 
legacy of  this very useful compound.
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Abstract
Hypertrophic cardiomyopathy (HCM) is a common ge-
netic cardiovascular disease that affects the left ven-
tricle. HCM can appear at any age, with the majority of 
the patients remaining clinically stable. When patients 
complain of symptoms, these include: dyspnea, diz-
ziness, syncope and angina. HCM can lead to sudden 
cardiac death (SCD), mainly due to ventricular tachyar-
rhythmia or ventricular tachycardia. High-risk patients 
benefit from implantable cardioverter-defibrillators. 
Left ventricular outflow tract obstruction is not a rare 
feature in HCM, especially in symptomatic patients, 
and procedures that abolish that obstruction provide 
positive and consistent results that can improve long-
term survival. HCM is the most common cause of sud-
den death in young competitive athletes and prepar-
ticipation screening programs have to be implemented 
to avoid these tragic fatalities. The structure of these 
programs is a matter of large debate. Worldwide reg-
istries are necessary to identify the full extent of HCM-
related SCD. 
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GENETICS
Hypertrophic cardiomyopathy (HCM) is the most com-
mon genetic cardiovascular disease[1] and is associated 
with sudden death, especially in young adults[1-3]. For that 
reason, HCM constitutes a vast domain of  clinical and 
experimental research and thousands of  reports have 
been published in the international literature. HCM is de-
fined as the presence of  a hypertrophied, non-dilated left 
ventricle that occurs in the absence of  another cardiac or 
systemic disease that could produce a similar degree of  
hypertrophy[2,4-6]. HCM is a relatively common, primary 
heart disease that affects one individual in every 500 in the 
general population[3,7]. It is inherited predominantly as a an 
autosomal dominant trait[1,8]. At least 24 genes have been 
associated with HCM and over 400 mutations have been 
discovered to date[9-14]. Although the majority of  these 
genes encode sarcomeric proteins[1,6,15], recent research has 
indicated that some disease patterns might involve differ-
ent pathways[9,16]. 

Genome studies that have identified new loci or path-
ways have indicated that there is long way ahead to un-
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derstand completely the etiology of  HCM[16-18]. These 
studies have basically followed two research approaches: 
(1) beginning from a mutation phenotype and advancing 
towards the identification of  the mutated gene (forward 
genetics); and (2) beginning from a cloned DNA segment 
or a peptide sequence, they have introduced programmed 
mutations that aim to assess gene and protein function 
(reverse genetics)[19-23]. The mutations of  any particular 
gene might lead to different phenotypic expressions as 
well as different disease time courses[1,6]. Furthermore, 
specific genes have been associated with favorable or un-
favorable prognosis[6,8,9]. Some studies have managed to 
correlate septal morphology in HCM with a specific geno-
type[24,25], thus providing echocardiographic guidance to 
genetic screening. However, the phenotypic expression of  
HCM is further complicated by the existence of  possible 
modifier genes or environmental factors[3,26]. Therefore, 
although promising, this discovery has a long way to go 
before its full implementation in screening protocols[27,28]. 
In addition, there is a possibility that genes implicated in 
ion channel abnormalities play a significant role in car-
diomyopathy via a common pathway, or the possibility 
that genes that encode the same family of  proteins might 
be implicated in different pathologies (such as HCM and 
arrhythmogenic right ventricular cardiomyopathy)[8]. For 
the moment, genetic screening can identify a mutation in 
50%-60% of  patients [29]. Additional factors or genetic loci 
remain to be discovered. 

PATHOPHYSIOLOGY
Cellular changes
In the healthy myocardium, myocytes have a typical paral-
lel alignment, however, in HCM they become hypertro-
phied, enlarged and distorted, which leads to disorientation 
of  adjacent cells and arrangement in a random pattern 
(myocyte disarray). This disarray might be localized and 
surrounded by normal myocardium or it can occupy the 
majority of  the ventricular surface. Pathological myocyte 
morphology leads to premature cellular death and contin-
uous myocardial tissue remodeling, with the participation 
of  cardiac fibroblasts. Furthermore, increased depositions 
of  collagen are observed between the smooth muscle cells 
of  the intramural coronary arteries[2,3,30].

Structural changes
Changes in myocyte architecture lead to ventricular hyper-
trophy, and the development of  fibroblasts between myo-
cytes results in fibrosis and extensive myocardial scarring. 
Collagen accumulation leads to thickened and narrowed 
intramural coronary artery walls[3,6,31]. 

Clinical pathophysiology
The aforementioned cellular and structural changes have 
major functional consequences, such as ventricular stiff-
ness and reduced ventricular compliance, which in turn 
can lead to prolonged relaxation times that result in dia-

stolic filling impairment and reduced cardiac output with 
increased filling pressure. Myocardial ischemia also devel-
ops, and combined with the increased muscle mass, has a 
potent ischemic effect[6,31]. 

Hypertrophy, fibrosis, myocardial ischemia and abnor-
mal intramural coronary arteries can exist separately or 
simultaneously in HCM. Therefore, the resultant scarred 
myocardial tissue is an unfavorable substrate for both 
conduction and propagation of  electrical impulses. Myo-
cardium in HCM comprises zones of  normal myocytes 
adjacent to or embedded in scar tissue, which decelerates 
or interrupts conduction. In addition, dispersion of  repo-
larization occurs because of  abnormalities in gap junction 
function and distribution. Furthermore, both left ventricu-
lar (LV) relaxation and contraction might not be uniform, 
because of  the varied distribution of  LV hypertrophy 
(LVH)[32]. These malfunctions lead to multiple asynchro-
nized electrical impulses traversing the myocardium, and 
through reentry mechanisms, to ventricular tachyarrhyth-
mia[10,32-35]. Of  course, supraventricular arrhythmias are 
also frequent in this setting (10%-40% in HCM)[31,36,37]. In 
fact, atrial fibrillation (AF) is the most common sustained 
arrhythmia in HCM[1]. 

The increased ventricular wall stress, as in cases of  LV 
outflow tract obstruction (LVOTO), can lead to increased 
oxygen demand, cell death and replacement fibrosis[3]. 
The elevated filling pressure might also result in subendo-
cardial ischemia, and systolic compression of  arteries can 
also occur. In addition, the disturbed reflex control of  the 
vasculature is an important cause of  myocardial ischemia, 
especially during exercise, where inappropriate hypoten-
sion occurs and results in myocardial hypoperfusion[6,31].

It is estimated that approximately 25% of  the patients 
with HCM have LVOTO under resting conditions[38,39]. 
This mechanical impedance[39,40] creates outflow gradients 
of  > 30 mmHg[41]. In HCM, outflow gradients are char-
acteristically dynamic. This means that any given patient 
might present a large outflow gradient in some circum-
stances, but a reduced gradient in others (e.g. exercise, 
valsalva maneuver, or sudden standing from a squatting 
position)[1,6]. 

Until recently, clinical assessment and identification 
of  LVOTO were undertaken in resting conditions to de-
termine the obstructive form of  HCM and commence 
further treatment. In 2003, the American College of  
Cardiology and the European Society of  Cardiology, in 
their consensus document on HCM, proposed a division 
of  the overall HCM disease spectrum into hemodynamic 
subgroups, (based on the representative peak instanta-
neous gradient as assessed with continuous wave Doppler) 
to facilitate decision making in treatment and to detect 
latent forms of  LVOTO[3]. There are now indications 
that LVOTO is a more common feature in most patients 
with HCM (up to 70%) under exercise conditions. These 
observations could have clinical implications for both the 
evaluation and management of  patients with HCM, espe-
cially whether subaortic gradients should be assessed in all 
patients[31,42].
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NATURAL HISTORY
HCM is a disease that can appear at any age, from in-
fancy to very old age, with a varied clinical course. Most 
patients remain clinically stable or asymptomatic, and in 
some cases, their symptoms might even improve over the 
course of  time[1]. HCM has an annual mortality rate of  1%. 
Clinical deterioration is usually slow and elderly patients (> 
75 years) can constitute up to 25% of  the total patients[1,3]. 
The disease course might follow a specific subgroup pat-
tern or interchange between patterns. It is estimated that 
about 5% of  the patients among the vast HCM spectrum 
evolve towards the end-stage phase of  the disease, which 
is LV wall thinning (extensive fibrosis), cavity dilatation 
and systolic impairment[1,29,43]. However, the most com-
mon mode of  demise in HCM and its most serious com-
plication is sudden death[1,6].

CLINICAL MANIFESTATIONS AND 
DIAGNOSIS
Symptoms
Many patients with HCM can be completely asymp-
tomatic. Symptomatic patients present commonly with 
symptoms associated with LVOTO. Dyspnea can be 
encountered in 90% of  symptomatic patients[1,6]. Fatigue, 
dyspnea, exercise intolerance, dizziness, presyncope and 
syncope are also common. An important etiological factor 
for syncope or palpitations is cardiac arrhythmia. Patients 
with HCM might present with AF, premature ventricular 
depolarization, ventricular couplets, non-sustained ven-
tricular tachycardia (VT), or sustained VT, which can dete-
riorate to ventricular fibrillation (VF). However, it should 
be noted that there is no particular course of  progress 
(or deterioration) of  arrhythmic events in HCM, and that 
patients with minor previous arrhythmic events might 
suffer VF cardiac arrest[10]. Congestive heart failure can be 
manifested with palpitations and/or paroxysmal nocturnal 
dyspnea. Chest pain (angina pectoris) can be experienced 
in 75% of  symptomatic patients. It is attributed to the im-
balance between oxygen supply and demand, pathological 
intramural coronary arteries, and increased LV wall pres-
sure. Another contributing factor for myocardial ischemia 
could be pre-existent atheromatous disease in older pa-
tients. The severity of  these symptoms, which are affected 
by many factors such as exertion or even dietary factors 
such as alcohol consumption, or a heavy meal, can change 
throughout the day[1,26]. Unfortunately, sudden death might 
be the first and only manifestation of  HCM. 

Physical examination
Physical examination can be normal in asymptomatic pa-
tients. In the presence of  LVOTO, precordial examination 
might reveal a hyperdynamic apical precordial impulse, or 
a double apical impulse as a result of  LV forceful contrac-
tion. A less common feature is a triple apical beat that 
occurs secondary to the addition of  a palpable atrial gal-

lop[37]. Carotid artery palpation can reveal a brisk rise in the 
pulse, with subsequent decline in mid-systole, followed by 
a secondary rise in late systole in cases of  LVOTO[6,37]. In 
auscultation, S1 is normal, but an S4 can be heard during 
atrial systole. In patients with severe LVOTO, paradoxical 
S2 splitting might be noted[37]. Auscultation can also reveal 
a harsh crescendo-decrescendo characteristic systolic mur-
mur in patients with outflow obstruction. It usually starts 
after S1 and can be heard from the apex until the sternal 
notch. Although characteristic of  HCM, this murmur is 
not found in the majority of  patients[37].

Physical examination should not be oriented only to-
wards the cardiovascular system. For example, a hypertro-
phied left ventricle might also be encountered in genetic 
syndromes such as Fabry disease, or LEOPARD Syn-
drome. Sensorineuronal deafness, and eye and skin disor-
ders should be carefully assessed with explicit attention, 
to make the diagnosis of  HCM from other pathological 
entities[44,45].

Electrocardiographic manifestations
The majority of  patients with HCM have abnormal elec-
trocardiographic (ECG) patterns[37], which can be present 
even in cases in which hypertrophy is not yet echocardio-
graphically detectable[26,46] as in adults with cardiac myosin-
binding protein C mutations[30,47], which means that it is a 
helpful diagnostic tool in these cases. The most common 
abnormalities are ST segment and T-wave changes and 
large QRS complexes, which are evidence of  LVH[3,48]. 
Deep, narrow Q-waves are present in 20-50% of  cases, 
and involve inferior (Ⅱ, Ⅲ, aVF) and lateral leads (Ⅰ, 
aVL, V5, V6)[26]. High-voltage R-waves might also be pres-
ent in the precordial leads[26,49]. Although QRS, ST and 
T-wave changes are the most common in HCM, Q-wave 
changes are more characteristic and should be given 
proper attention when encountered[37]. However, all these 
different ECG patterns can neither be accurately related to 
the degree of  LVH nor predict HCM-related death[1,50].

Diagnosis
Marked ECG abnormalities, exertion fatigue, presyncopal 
events, dyspnea or palpitations of  recent onset or dis-
covery of  a murmur in a routine evaluation should raise 
suspicion of  HCM. Diagnosis is customarily made with 
2D echocardiography or magnetic resonance imaging 
(MRI) when ultrasound studies are technically inadequate 
or segmental LV wall thickening is difficult to visualize 
with ultrasound[1,51-54]. Furthermore, MRI might play a 
significant role in the future in the evaluation of  patients 
with HCM, because it can reliably estimate the degree of  
LVH[52] and the existence of  intramural coronary arteri-
ole dysplasia[53]. Furthermore, MRI with late gadolinium 
enhancement can detect early structural changes at the 
microvascular level, thus providing not only a helpful tool 
of  significant diagnostic and prognostic importance, but 
also a means that could promote early intervention in the 
disease course[55,56].
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HCM diagnosis is established by the identification of  
a hypertrophied and non-dilated left ventricle in the ab-
sence of  other cardiovascular diseases that are capable of  
producing a similar magnitude of  hypertrophy[1,3,4,54]. With 
normal wall thickness estimated at no more than 12 mm, 
echocardiography might reveal cases that range from mild 
hypertrophy (13-15 mm) to massive (> 30 mm) or even 
more extensive hypertrophy[48,57,58]. Usually echocardiogra-
phy will also reveal some of  the following features: small 
LV cavity, reduced septal motion, mitral valve prolapse or 
a hypokinetic septum. 

SUDDEN CARDIAC DEATH IN HCM
Mechanisms of sudden cardiac death
LVOTO, myocardial ischemia and changes in vascu-
lar architecture play a significant role in sudden cardiac 
death (SCD), with a varied impact. A bimodal pattern 
in the circadian variability of  SCD has been observed, 
with a distinctive peak in the early morning hours and a 
second, less prominent peak in the early evening. Recent 
studies, however, after the implementation of  implant-
able cardioverter-defibrillators (ICDs), have reported a 
modest but significant increase in appropriate ICD in-
terventions between noon to midnight, which indicates 
that there is a disparity in circadian variability of  SCD in 
HCM patients[59,60]. These studies also suggest that ven-
tricular tachyarrhythmia and/or VT is the most probable 
mechanism of  SCD in HCM. SCD in HCM is rarely due 
to bradyarrhythmia (when the conduction system is infil-
trated)[1,29,61].

 Sudden death is the major and frequently the only 
complication of  HCM. In fact, HCM is the most com-
mon cause of  SCD in young people including competitive 
athletes[3,62]. Although adolescents and adults younger than 
35 years of  age show a high incidence of  SCD, this does 
not mean that the other age groups are risk-free. SCD can 
occur during any kind of  activity, from sleep to very se-
vere exercise[2]. SCD has been reported to affect as much 
as 6% of  the patients in selected cohorts from tertiary 
centers[3,40,63].

Risk stratification
Identification of  HCM patients at high-risk for SCD is an 
important as well as difficult task, given the fact that SCD 
is a devastating complication, and many of  these patients 
might have no symptoms at all before the fatal outcome. 
The heterogeneity of  clinical expression of  the disease 
has made the identification of  a single prognostic index 
difficult. However, several observational studies[3,40,48,57,64-66] 
have managed to distinguish features of  the disease that 
are indicative of  a higher SCD risk. These risk factors 
have been categorized as “major” and “possible in indi-
vidual patients” by successive consensus documents from 
the American College of  Cardiologists, the American 
Heart Association and the European Society of  Cardiol-
ogy (Table 1)[3,67]. 

Genetic testing might play a role in HCM risk stratifi-
cation in the future, but for the time being, it is bound by 
many limitations, such as the vast phenotypic variations 
of  specific gene mutations, and the fact that it is a method 
restricted to research laboratories and not available to ev-
ery day evaluation. In addition, the prevalence of  identifi-
able mutations in HCM has reached only 60% of  studied 
cohorts, which leaves more than a third of  the patients 
with genetically unexplained disease[4,8,68,69]. Nevertheless, 
there are indications that genotype-phenotype associa-
tions can be established in HCM (mutations in cardiac 
myosin-binding protein C have a rather benign course, 
and prognosis in patients with β-myosin chain mutations 
is allele dependent and varies considerably)[8,9,11,15]. Finally, 
genetic analysis could be helpful in families with HCM, by 
providing a presymptomatic diagnosis and genetic coun-
seling. 

Many of  the aforementioned risk factors are inter-
dependent and the positive predictive value of  each one 
individually is limited. Thus, multiple risk-factor estima-
tion could lead to a better prediction of  risk of  SCD. In 
contrast, their high negative predictive values can be safely 
used as an estimate for favorable prognosis[31,48,67,70]. 

Role of electrophysiological studies
Induction of  ventricular tachyarrhythmia by programmed 
ventricular stimulation is of  limited value and does not 
offer any advantage over noninvasive risk stratification in 
HCM[10,67,71]. Even if  invasive testing has not been aban-
doned, other methods are being studied, such as paced 
electrogram fractionation analysis (which might be able to 
detect patients at risk of  VF)[72], but are still far from hav-
ing an established value in risk stratification for SCD.

MANAGEMENT OF HCM AND PREVEN-
TION OF SCD
Patient assessment
In a patient with HCM, routine examination should com-
prise personal and family history, physical examination, 
12-lead ECG, 24-h Holter ECG, 2D echocardiography, 
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Table 1  Risk factors for sudden cardiac death in hypertrophic 
cardiomyopathy

Major risk factors Possible in individual 
patients

Cardiac arrest (VF) AF
Spontaneous sustained VT Myocardial ischemia
Family history of premature sudden death LVOTO
Unexplained syncope High-risk mutation
LV thickness ≥ 30 mm Intense (competitive) 

physical exertionAbnormal exercise BP
Non-sustained spontaneous VT

VF: Ventricular fibrillation; VT: Ventricular tachycardia; BP: Blood pressure; 
LV: Left ventricular; AF: Atrial fibrillation; LVOTO: Left ventricular outflow 
tract obstruction.
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and exercise testing. Risk analysis should not be forgot-
ten and should be performed based on the clinical situa-
tion. These patients should not participate in competitive 
sports. Intense exertion and other strenuous physical 
activities should be avoided[1,10,29]. However, these patients 
should not refrain from all physical activities. Asymp-
tomatic patients with no LVOTO, no risks for SCD, and 
mild LVH can participate in recreational sports of  mild to 
moderate intensity [73,74]. When a patient is diagnosed with 
HCM, first-degree relatives should be examined by ECG 
and echocardiography and clinical screening should be un-
dertaken every 2 years in young relatives and about every 
5 years in adults[10,29].

The wide range of  phenotypic expressions of  HCM 
and its possible devastating complications, especially in 
young asymptomatic populations, have created great 
concern and debate about how to prevent SCD. In 2006, 
the American College of  Cardiologists, the American 
Heart Association and the European Society of  Cardiol-
ogy released new guidelines for the management of  pa-
tients with ventricular arrhythmias and the prevention of  
SCD[67]. In this document, the role of  ICDs in the preven-
tion of  SCD is primary, in contrast to the role of  pharma-
cological treatment and electrophysiological testing. ICD 
therapy is strongly warranted (class Ⅰ indication, level of  
evidence: B), as secondary prevention for SCD, for pa-
tients with HCM who have sustained VT and/or VF (prior 
cardiac arrest). ICD implantation is recommended as a 
reasonable procedure (class Ⅱa) for primary prophylaxis 
in patients with HCM who have one or more major risk 
factors. Nevertheless, since the positive predictive value 
of  each individual risk factor for SCD is limited, caution 
has to be taken in not implanting ICDs in patients who do 
not need them, and putting them in danger from compli-
cations from the procedure. Thus, multiple risk factors are 
considered to offer a greater possibility of  SCD[3,29,54,67]. 
However, data from a large multicenter registry study 
from ICDs implanted over a 17-year period have indicated 
that there was no significant difference in the probability 
of  appropriate ICD discharges between patients with 1, 
2, 3 or more noninvasive risk factors[75]. The matter of  
ICD implantation for primary prophylaxis needs further 
clarification. A possible logical approach would be that 
management approaches should be based on assessment 
of  each patient’s overall clinical profile[31,75]. There is a de-
bate whether all ventricular arrhythmias occurring in non-
ischemic cardiomyopathies are truly potentially fatal, or 
the majority of  them are self-limited, thus making ICD 
implantation potentially harmful[75,76]. Nevertheless, data 
are strongly in favor of  ICD implantation in selected pa-
tients. ICDs provide highly effective discharges, even in 
primary prevention of  SCD in HCM[10,75,77,78], significantly 
reduce mortality[78], improve long-term survival, and in-
crease quality-adjusted life expectancy[79,80]. 

Pharmacological therapy has little place in prevention 
of  SCD in HCM. Amiodarone is the agent indicated be-
cause of  its antiarrhythmic properties. Amiodarone can 
be used in patients with a history of  sustained VT and/or 

VF (class Ⅱa), and can be considered (class Ⅱb recom-
mendation) for primary prophylaxis for SCD in patients 
with one or more major risk factors for SCD, if  ICD im-
plantation is not feasible[67]. Furthermore, there is strong 
evidence of  ineffectiveness of  Amiodarone in preventing 
SCD in HCM, as indicated by several studies and the high 
incidence of  appropriate ICD discharges in patients re-
ceiving amiodarone[75,81,82]. 

HCM pharmacological management is symptom-
based. Patients with obstructive symptoms or heart failure 
are treated with β-blockers or calcium channel antagonists 
(principally verapamil). Reduced heart rate and decreased 
contractility resulting from their action, might alleviate 
symptoms related to LVOTO, such as presyncope, dys-
pnea, and angina. Both agents improve diastolic filling (by 
reducing the heart rate and improving relaxation, respec-
tively) and can decrease the outflow gradient[1,3,54]. Diso-
pyramide has also been used, probably for its depressing 
action on ventricular systolic performance[83].

 The group of  patients (5%) that progress to the end-
stage phase of  HCM should be treated for heart failure 
with the progressive addition of  diuretics, ACE inhibitors 
and possibly digitalis. The final therapy point might be 
heart transplantation[1,3,54,84]. In cases that are unresponsive 
to drugs, septal surgical myectomy or percutaneous alco-
hol septal ablation (ASA) should be performed. Through 
a transaortic approach, myectomy is performed by excis-
ing a portion of  the hypertrophied muscle. ASA creates a 
transmural scar in the proximal hypertrophied ventricular 
septum, by delivering alcohol through an angioplasty cath-
eter, which reduces the outflow gradient[85]. Both interven-
tions have been proven to be equally effective at reducing 
outflow obstruction[86], which results in substantial and 
consistent symptomatic benefit, and restoration of  quality 
of  life throughout long-term follow-up[87-89]. Furthermore, 
both techniques appear to have a comparable risk for pro-
cedural death and complications[90]. ASA creates a sizeable 
transmural myocardial infarction that comprises about 
10% of  the left ventricle, which could serve as a substrate 
for potentially life-threatening ventricular tachyarrhythmias 
and sudden death[90]. Hence in 2003, an expert consensus 
panel from the American College of  Cardiology and the 
European Society of  Cardiology suggested surgical myec-
tomy as the primary treatment for patients with obstruc-
tive HCM and unrelenting symptoms, with ASA reserved 
as an alternative option for those patients who are judged 
not to be appropriate surgical candidates[3]. However, 
there is emerging evidence that ASA might not affect 
the occurrence of  arrhythmic episodes[91,92]. It should be 
noted in this context that large cohort studies[93-96] have 
demonstrated an association between LVOTO abolition 
and improvement of  overall survival. Furthermore, there 
are indications that myectomy is beneficial before ICD 
implantation[97]. These observations along with more care-
ful diagnostic processes will probably change our view of  
HCM as a progressive heart muscle disorder with contin-
ued LV remodeling, despite the best available treatment 
interventions[3]. 
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AF, a common feature in HCM, is associated with em-
bolism, heart failure and is independently associated with 
heart-failure-related death and stroke[36,98]. Anticoagu-
lant therapy with warfarin is warranted in patients with 
AF[79]. Amiodarone can be effectively used in paroxysmal 
AF[1,3,54]. 

Future therapeutic strategies
Recent research has unraveled the role of  protein kinases 
in the regulation of  myocyte repair, growth, contractil-
ity and myogenic differentiation. Furthermore, histone 
deacetylases (HDACs) seem to play a regulatory role in 
hypertrophic cardiac growth, in association with protein 
kinases[99-103]. Even if  there is no clinical impact for the 
present, HDAC inhibitors, specific kinase-inhibitors in as-
sociation with targeted gene therapy are expected to play a 
central role in the future.

Prevention of SCD in athletes
Sports participation increases the risk of  SCD in HCM 
patients[1,62]. HCM is the single most common cause of  
young athlete mortality in the United States[104]. Therefore, 
attention has focused on development of  preparticipation 
screening strategies on both sides of  the Atlantic[104,105]. 
However, a major determinant in all prevention strategies 
is cost-effectiveness and that is a major issue of  debate 
in the current literature of  sports-related SCD preven-
tion in patients with HCM. Thus, based on the Italian 
experience[106,107] of  preparticipation screening of  young 
competitive athletes, the European Society of  Cardiology 
recommends a preparticipation screening strategy that 
comprises family and personal history, physical exami-
nation, and 12-lead ECG[105]. In contrast, the American 
Heart Association focuses on medical history (family and 
personal) and physical examination[104]. Recent data from 
the United States suggest that, in demographically simi-
lar regions of  the United States and Italy, athlete sudden 
death rates have not differed significantly in recent years, 
despite different preparticipation screening strategies[108]. 
Nevertheless, it is a fact that preparticipation screening 
followed in Italy has given surprising and most impor-
tantly, life-saving results[105-107,109]. Both programs seem to 
be effective. However, it is probably more important to 
establish a worldwide registry that is aimed at determining 
the precise incidence of  sudden death in young athletes 
than to further pursue a debate founded at different start-
ing points.

CONCLUSION
The diagnosis of  HCM has to be founded on a concrete 
basis and should not be confused with other syndromes 
with LVH. In this context,genetic testing will probably 
play a more significant role in the future. HCM course and 
gravity seems to be closely related to LVOTO. Procedures 
that abolish this obstruction are beneficial and improve 
survival, and their role could become more central provid-
ed that a solid diagnostic procedure is followed. Although 

unpredictable, HCM is a disease with symptoms that are 
amenable to treatment, and newer diagnostic strategies 
and interventions will hopefully prove helpful in prevent-
ing more sudden deaths. As for the sports-related deaths, 
certainly the implementation of  preparticipation screen-
ing programs is indispensable. The proper strategy has yet 
to be elucidated. Additional attention should probably be 
paid to equipping public places and stadia with automated 
external defibrillators and implementing wide lay training 
programs. 
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Abstract
AIM: To compare the predictive power of different en-
dothelial progenitor cell (EPC) phenotypic markers for 
future cardiovascular events. 

METHODS: Peripheral blood was collected from 76 
consecutive patients with acute coronary syndromes 
(ACS) who underwent percutaneous coronary interven-
tion in our institute. The various EPC phenotypes of pe-
ripheral blood mononuclear cells were CD34+CD133+, 
CD34+KDR+, and CD 133+KDR+. The outcome end-
point included cardiovascular mortality, recurrent ACS, 
and hospitalization for decompensated heart failure dur-
ing a 24-mo follow-up period. 

RESULTS: CD34+CD133+ cells (P  = 0.034), but not 
CD34+KDR+ (P  = 0.35) or CD 133+KDR+ cells (P  = 
0.19), were found to predict recurrent ACS. We found 
no correlation between EPCs measured by any of the 
three phenotypic combinations of accepted CD markers 
and the total combination of these separate outcomes. 

CONCLUSION: The EPC CD34+CD133+ phenotype, 
but not the CD34+KDR+ or the CD 133+KDR+ phe-
notypes, is predictive of future adverse cardiovascular 
outcomes.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Endothelial progenitor cells (EPCs) are a scarce popula-
tion of  bone-derived cells that can play an important role 
in neoangiogenesis after tissue ischemia has occurred[1,2]. 
EPCs are positive for CD34 or the more immature mark-
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er protein CD133. Recent studies have shown that expres-
sion of  the CD34 surface antigen is shared by EPCs, he-
matopoietic progenitor cells, as well as mature endothelial 
cells[3].

As they mature, EPCs lose the CD133 marker and 
acquire vascular endothelial growth factor (VEGF) recep-
tor-2, also known as KDR[4-6]. Circulating numbers of  
EPCs correlate negatively with risk factors for athero-
sclerosis and with disorders associated with vascular dys-
function[7-9]. In acute coronary syndrome (ACS) patients, 
there appears to be a trend toward an elevated number of  
EPCs, suggesting that these cells are possibly mobilized in 
an attempt to participate in vessel repair after severe isch-
emia[10-12]. 

While there is strong evidence to link a reduced num-
ber of  EPCs to cardiovascular risk factors or disorders, 
the relationship between levels of  EPCs and cardiovas-
cular outcomes is not clear. A recently published large 
prospective observational study in patients with stable 
coronary artery disease (CAD) confirmed by angiography 
showed that a low number of  circulating CD34+KDR+ 
EPCs is associated with a significantly higher risk of  death 
from cardiovascular disease, a first major cardiovascular 
event, revascularization and hospitalization in compari-
son to patients with high EPC numbers. However, no 
significant association was detected between EPC levels 
and acute myocardial infarction (MI) and death from any 
cause[13]. 

Similarly, Schmidt-Lucke et al[14] found, in a mixed 
population of  patients with CAD and healthy individu-
als, that reduced numbers of  EPCs, also characterized 
by fluorescence-activated cell sorting (FACS) analysis as 
CD34+KDR+ EPCs, were a significant independent 
predictor of  adverse cardiovascular events over a median 
follow-up period of  10 mo.

Although attractive, a major obstacle in incorporat-
ing FACS analysis of  EPCs as a practical biomarker in 
cardiovascular risk assessment is the lack of  fully corrobo-
rated and mutually comparative methods for character-
izing the putative EPCs[6,15]. Thus, different investigators 
employ different FACS marker combinations for as-
sessment of  EPCs: CD34+KDR+[16,17], CD34+133+[18] 
or CD34+CD133+KDR+[5]. Both KDR- and CD133-
positive cells were shown to differentiate into endothelial 
cells and were thus suggested as identifying membrane 
antigens[6]. 

The purpose of  this study was to compare the predic-
tive power of  different EPC populations with regard to 
future adverse cardiovascular events in patients with ACS 
undergoing coronary angiography.

MATERIALS AND METHODS
Study subjects
We studied a total of  76 consecutive patients with ACS (33 
patients had ST-elevation MI, 43 had non-ST-elevation 
MI), who underwent coronary angiography in our institu-

tion. There were 53 males and 23 females, aged 42-86 years 
(median, 68 years). Table 1 summarizes the demographic 
and clinical characteristics of  the patient population. The 
institutional ethics committee approved the study and in-
formed consent was obtained from all patients. 

Preparation of blood samples
Blood samples were drawn immediately after insertion 
of  a femoral sheath. Peripheral blood mononuclear cells 
(PBMNCs) were isolated from 30 mL of  freshly drawn 
heparinized blood using Isopaque-Ficoll (Amersham Bio-
sciences, Buckinghamshire, United Kingdom) gradient 
centrifugation. 

Flow cytometry evaluation 
The number of  circulating EPC was assessed by FACS 
analysis by staining 5 million cells for three-color FACS 
analysis employing the following monoclonal antibod-
ies: fluorescein isothiocyanate-anti-CD34 (IQ products), 
allophycocyanin-anti VEGF-receptor 2 (KDR, R&D sys-
tems) and phycoerythrin-anti-CD133 (R&D systems). The 
various EPC phenotypes assessed were CD34+CD133+, 
CD34+KDR+, and CD 133+KDR+. 

Follow-up
Information on vital status, reinfarction, recurrent percu-
taneous coronary intervention, and cardiovascular events 
was collected using hospital records and telephone inter-
views. Telephone follow-up each 6 mo was performed 
for a maximum period of  40 mo. The outcomes censored 
were either a recurrent ACS event (MI or unstable angina) 
or mortality, and hospitalization due to acute decompen-
sated heart failure. 
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Table 1  Baseline characteristics of the patient population and 
drug treatment  n  (%)

Characteristics n  = 76

Demographic data
   Male/female 53 (70)/23 (30)
   Median age (range, yr)      69 (42-86)
   Current smoker 35 (46)
Comorbidities
   Hypertension 48 (63)
   Diabetes mellitus 20 (26)
   Hyperlipidemia 39 (51)
   Peripheral vascular disease    4 (5.3)
   CVA/TIA    5 (6.3)
Drug treatment
   Statin    71 (93.4)
   Beta blocker    71 (93.4)
   ACEI/ARB 75 (99)
   Spironolactone 40 (69)
   Diuretics   9 (12)
   CCBs    5 (6.6)
   Nitrates 12 (16)

CVA: Cardiovascular accident; TIA: Transient ischemic attack; ACEI: 
Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor 
blocker; CCB: Calcium channel blocker.
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Statistical analysis
All data were summarized and displayed as mean and 
standard deviation for the continuous variables and as the 
number of  patients and percentage in each group for cat-
egorical variables.

Because of  the relatively small number of  patients and 
outcome events, and the relatively long follow-up period, 
the comparison of  the rate of  events for each outcome 
between the groups according to EPC phenotype com-
bination categories was performed by log-rank statistics 
with the Kaplan-Meier estimate.

For a sample of  80 patients, in order to detect a sur-
vival difference from 70% to 90% with α = 0.05 at the 
end of  the study, we calculated a power (1 - β) of  60%. 

In order to evaluate the performance of  classifica-
tion schemes of  the different variables and to compare 
the classification of  the different outcome measures, we 
used a receiver operated characteristic curve analysis. We 
calculated the area under the curve to compare the classi-
fiers and the asymptotic statistical significance to reject the 
hypothesis that the curve is similar to the reference line, 
which is a random classifier.

All above analyses were considered significant at P < 
0.05 (two-tailed). The SPSS statistical package was used to 
perform all statistical evaluations (SSPS Inc., Chicago, IL, 
USA).

RESULTS
Table 2 shows various EPC combinations stratified by the 
events censored [total major adverse cardiac event (MACE) 
or secondary outcomes]. Since the relative EPC numbers 
were small (0%-0.1% of  PBMNCs) and in most cases 
equal to zero, we chose a binary method of  value report, 
whereby EPCs were categorized as either 0 if  non-mea-
surable or 1 if  greater than zero. The correlations between 
the various EPC phenotypes and MACE-free or ACS-free 
survival are shown in Figures 1-3. We found that recurrent 
ACS was predicted significantly by the CD34+CD133+ 
combination (P = 0.034; Figures 2 and 3), but not by the 
CD34+KDR+ (P = 0.35) or by the CD133+KDR+ (P = 
0.19) combinations (Figure 1). However, this positive cor-
relation was found to be relatively weak (area under curve 
= 0.65).

We did not find any significant correlation between the 
various EPC combinations and total MACE (Figure 3).

DISCUSSION
The factors regulating EPC numbers in acute MI include 
VEGF[19], interleukin-8[20] and stromal cell-derived fac-
tor-1[21]. However, one of  the major limitations in study-
ing EPCs is the lack of  unifying phenotypic markers 
that are employed by different investigators. Indeed, the 
surface marker profile changes during the process of  
mobilization and maturation. For example, CD34-133+ 
progenitors differentiate into CD34+133+ EPCs that 
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Table 2  Different endothelial progenitor cell combinations 
stratified by outcomes   n  (%)

Total 
mortality

Recurrent 
UA/MI

ADHF Any 
MACE

CD34+CD133+ = 0 (n = 7)   1 (14.3)  7 (100)   1 (14.3)  7 (100)
CD34+CD133+ > 0 (n = 69) 6 (8.7) 43 (62.3) 12 (17.4) 47 (68.1)
CD34+KDR+ = 0 (n = 57)   6 (10.5) 40 (70.2) 11 (19.3) 43 (75.4)
CD34+KDR+ > 0 (n = 17) 1 (5.3) 10 (52.6)   2 (10.5) 11 (57.9)
CD133+KDR+ = 0 (n = 57)   6 (10.5) 41 (71.9) 12 (21.1) 44 (77.2)
CD133+KDR+ > 0 (n = 19) 1 (5.3)   9 (47.4) 1 (5.3) 10 (52.6)

UA: Unstable angina; MI: Myocardial infarction; ADHF: Acute decompen-
sated heart failure; MACE: Major adverse cardiac event.
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Figure 1  Kaplan-Meier survival chart for the outcome of total major adverse 
cardiac event stratified by positive (dashed line) and negative (solid line) 
fluorescence-activated cell sorting analysis. A: CD34+CD133+ cells; B: 
CD34+KDR+; C: CD133+KDR+. MACE: Major adverse cardiac event.
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possess more pronounced angiogenic properties[22]. This 
leads to confounding results and an inability to perform 
cross-sectional comparative analyses between different 
studies. 

There are two reports in which circulating EPC were 
shown to predict outcome in patients with ACS[13,14]. 
However, both studies were performed in different popu-
lations of  patients and both used a single phenotype in 
FACS analysis (CD34+KDR+ cells). We have previously 
shown that different methods used to assess EPC in hu-
mans are not correlated[15]. Thus, it is of  interest to assess 

the relative outcome predictive power of  different pheno-
typic combinations in patients with ACS.

Herein, we failed to detect a significant association 
between EPCs measured by any of  three phenotypic 
combinations of  accepted CD markers and total MACE 
according to the log-rank statistics with the Kaplan-
Meier method. In line with previous studies[13,14], how-
ever, we found that a lower number of EPCs (defined as 
CD34+CD133+) was predictive of  recurrent ACS in the 
population we studied. However, CD34+KDR+ EPCs 
tested in the aforementioned studies were not found to 
associate with recurrent ACS or MACE in our study. The 
apparent discrepancy between our study, showing that 
CD34+CD133+ but not CD34+KDR+, exhibited a pre-
dictive value on outcome in ACS patients could be partial-
ly attributed to the negligible number of  CD34+KDR+ 
EPCs in blood samples and the relatively small number of  
patients. Furthermore, EPC numbers assessed by FACS 
analysis are extremely low and therefore interobserver 
variability in assessing their quantity is considerable. We 
thus chose to differentiate ACS subjects as those having 
detectable and non-detectable numbers of  EPCs. We be-
lieve that this approach partially overcomes the inherent 
need for subjective gating in the FACS analysis that may 
influence the results and limits potential error stemming 
from the fact that the numbers of  CD34+CD133+ EPCs 
were considerably higher than those of  CD34+KDR+ 
and CD 133+KDR+.

Why would CD34+CD133+ EPCs be more reflec-
tive of  a recurrent ACS event than other markers? A low 
number of  EPCs may be associated with a compromised 
ability to form new blood vessels and restore endothelial 
integrity by vasculogenesis. An intact vasculogenic pro-
cess may be required to preserve endothelial function and 
thus prevent plaque rupture with subsequent progression 
towards ACS. In recent years, it has become apparent that 
the most important mechanism by which EPCs promote 
angiogenesis and vasculogenesis is by paracrine secretion 
of  proangiogenic cytokines. As EPCs become committed 
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Figure 2  Kaplan-Meier event free survival for the secondary endpoint of 
acute coronary syndrome (recurrent myocardial infarction or unstable 
angina) stratified by patients with positive fluorescence-activated cell sort-
ing analysis (dashed line) vs patients with negative fluorescence-activated 
cell sorting analysis (solid line). A: CD34+CD133+ cells; B: CD34+KDR+; C: 
CD133+KDR+. ACS: Acute coronary syndrome.
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Figure 3  Receiver operating characteristics curve analysis for the endpoint 
of acute coronary syndrome (recurrent myocardial infarction or unstable 
angina) as a function of the various endothelial progenitor cell populations. 
Only CD34+133+ correlated significantly with this outcome (P = 0.034); the P-value 
for CD34+KDR+ was 0.35 and for CD133+KDR+ was 0.19).
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to the endothelial lineage, they lose CD133 and acquire 
KDR and this transition is associated with phenotypic 
properties more closely related to a mature endothe-
lium but a reduced paracrine capacity. The early EPCs 
(CD34+CD133+) therefore are probably more potent in 
elaborating a panel of  proangiogenic and vasculogenic cy-
tokines as compared to the more mature EPCs. According 
to this hypothesis, early EPCs are more powerful in their 
ability to preserve endothelial integrity and thus prevent 
stent thrombosis and plaque rupture both of  which result 
in recurrent ACS. Indeed, our findings support the notion 
that a reduced number of  early rather than mature EPCs 
is predictive of  recurrent ACS.

In summary, we have found that in the setting of  ACS, 
circulating CD34+CD133+ EPCs are potentially prog-
nostic of  cardiovascular outcome. Further studies in larger 
numbers of  patients are needed in order to establish the 
feasibility of  using certain EPC populations as potential 
biomarkers of  cardiovascular events. Confirmation of  the 
CD34+CD133+ phenotype combination as a significant 
adverse biomarker in ACS would then engender further 
research into the putative mechanism, and is likely to 
enhance our understanding of  the role of  this ambigu-
ous population of  hematopoietic progenitor cells in post-
ischemic vasculogenesis.
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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, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age 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 Submission 
System at: http://www.wjgnet.com/1949-8462office. 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-
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tion for each of  the manuscript sections is as follows:
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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 
Medical College, Chengde 067000, Hebei Province, China. One au-
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Supportive foundations: The complete name and number of  sup-
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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 for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJC, reviewers of  
accepted manuscripts will be announced by publishing the name, 
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Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P val-
ues 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; 
CONCLUSION (no more than 26 words).

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

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-

DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/1949-8462/g_info_20100312194155.htm. 

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 sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
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areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and 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 
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 
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quence.
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blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
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first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
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