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Abstract
South Asians have a high prevalence of coronary heart 
disease (CHD) and suffer from early-onset CHD com
pared to other ethnic groups. Conventional risk factors 
may not fully explain this increased CHD risk in this 
population. Indeed, South Asians have a unique lipid 
profile which may predispose them to premature CHD. 
Dyslipidemia in this patient population seems to be an 
important contributor to the high incidence of coronary 
atherosclerosis. The dyslipidemia in South Asians is 
characterized by elevated levels of triglycerides, low levels 
of high-density lipoprotein (HDL) cholesterol, elevated 
lipoprotein(a) levels, and a higher atherogenic particle 
burden despite comparable low-density lipoprotein 
cholesterol levels compared with other ethnic subgroups. 
HDL particles also appear to be smaller, dysfunctional, 
and proatherogenic in South Asians. Despite the 
rapid expansion of the current literature with better 
understanding of the specific lipid abnormalities in this 
patient population, studies with adequate sample sizes 
are needed to assess the significance and contribution of 
a given lipid parameter on overall cardiovascular risk in 
this population. Specific management goals and treatment 
thresholds do not exist for South Asians because of 
paucity of data. Current treatment recommendations 
are mostly extrapolated from Western guidelines. Lastly, 
large, prospective studies with outcomes data are needed 
to assess cardiovascular benefit associated with various 
lipid-lowering therapies (including combination therapy) 
in this patient population.

Key words: Dyslipidemia; South Asians; Asian Indians; 
Cardiovascular disease
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Core tip: South Asians have a high prevalence of coro
nary heart disease (CHD) and suffer from early-onset 
CHD. Indeed, an important contributor is their unique 
lipid profile which is characterized by elevated levels 
of triglycerides, low levels of high-density lipoprotein 
(HDL) cholesterol, elevated lipoprotein(a) levels, a higher 
atherogenic particle burden despite comparable low-
density lipoprotein cholesterol levels compared with 
other ethnic subgroups. HDL particles also appear to 
be smaller, dysfunctional, and proatherogenic. Despite 
the rapid expansion of the current literature with better 
understanding of the specific lipid abnormalities in this 
patient population, specific management goals and 
treatment thresholds do not exist for South Asians because 
of paucity of data. Current treatment recommendations 
are mostly extrapolated from Western guidelines. Lastly, 
large, prospective studies with outcomes data are needed 
to assess cardiovascular benefit associated with various 
lipid-lowering therapies (including combination therapy) 
in this patient population.

Bilen O, Kamal A, Virani SS. Lipoprotein abnormalities in South 
Asians and its association with cardiovascular disease: Current 
state and future directions. World J Cardiol 2016; 8(3): 247-257  
Available from: URL: http://www.wjgnet.com/1949-8462/full/
v8/i3/247.htm  DOI: http://dx.doi.org/10.4330/wjc.v8.i3.247

INTRODUCTION
The term “South Asian” refers to people who have 
ancestral origins in the Indian subcontinent (the countries 
of India, Pakistan, Bangladesh, Sri Lanka, and Nepal), 
where 1.6 billion people live. This region constitutes 
about 1/5 of the world’s population. Nearly 3.6 million 
South Asians live in the United States, and the South 
Asian population has the highest rates of coronary heart 
disease (CHD) among all ethnic groups[1]. CHD in this 
population is usually premature and severe with 3- to 
5-fold higher risk of morbidity and mortality[1-4]. The 
prevalence of CHD is higher in South Asian immigrants 
compared with the overall United States population, with 
similar rates among vegetarians and non-vegetarians[4-6]. 
Interheart, a global case-control study, was performed 
in 15152 cases with acute myocardial infarction (AMI) 
and 14820 controls in 52 countries. Of these, 1732 cases 
and 2204 controls were South Asian. Median age at 
first AMI was 53 years in South Asia compared with 63 
years in both China and Western Europe. The highest 
proportions of cases with first AMI at age 40 years or 
younger were in men from the Middle East (12.6%), 
Africa (10.9%), and South Asia (9.7%), and the lowest 
proportions were in women from China and Hong Kong 
(1.2%), South America (1.0%), and central and eastern 
Europe (0.9%)[7]. These results indicate the magnitude 

of premature CHD risk in South Asians.
Although CHD rates in the general United States 

population have declined over the last few decades 
because of aggressive modification of risk factors 
and population-based interventions[8], the rates have 
conversely doubled in South Asian immigrants[3] and 
remain higher than their counterparts in their country of 
origin[9-11].

Given the consistent findings of increased prevalence, 
premature onset, and increased mortality from CHD 
in South Asians, there has been much interest in 
determining the underlying causes. Conventional risk 
factors such as hypertension, hypercholesterolemia, 
diabetes mellitus, abdominal obesity, metabolic synd
rome, and tobacco use have been clearly associated with 
CHD risk among South Asian populations[7,12]. 

Other factors such as sedentary life style and dietary 
influences also play a role. Although a considerable 
percentage of South Asians are vegetarians, excess 
sugars and refined carbohydrates remain problematic 
for this population. Indeed India is among the largest 
consumers of sugar in the world. Diet rich in sugar and 
processed carbohydrates may be a considerable threat 
to the future health and wellness of the increasingly 
sedentary South Asian people with their innate genetic 
predisposition to CHD.

Although South Asians represent an heterogeneous 
population, with varied practices in terms of diet and 
exercise, they have a much higher prevalence of dia
betes, insulin resistance, central obesity, increased 
thrombotic tendency, and physical inactivity than other 
populations[1,7,9,13-16]. Conversely, the prevalence of hyper
tension, smoking, and obesity (using traditional body 
mass index cut-offs) is lower in South Asians compared 
with the Western World[5]. Studies comparing South Asians 
with other ethnic groups have consistently shown that 
differences in these risk factors do not fully account for the 
excess incidence of CHD noted in South Asians[1,3,7,17-21]. 
The Study of Health Assessment and Risk in Ethnic Groups 
assessed conventional and novel cardiovascular risk 
factors among 985 participants of South Asian, Chinese, 
and European descent living in Canada. South Asians had 
an increased prevalence of glucose intolerance, higher 
total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), and triglyceride levels, and lower high-density 
lipoprotein cholesterol (HDL-C) levels compared with 
Caucasians. These abnormalities only partially explained 
the high atherosclerosis burden (defined by carotid 
atherosclerosis measured with B-mode ultrasonography) 
in this population[14]. Thus, other factors may apply to 
the increased CHD risk in South Asians. Despite these 
findings, the INTERHEART study reported the association 
of smoking, history of hypertension or diabetes, waist/hip 
ratio, dietary patterns, physical activity, consumption of 
alcohol, blood apolipoproteins, and psychosocial factors 
with myocardial infarction in 9 ethnic populations including 
South Asians. Dyslipidemia appeared to be the strongest 
contributor of AMI in South Asians, with a population-
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attributable risk of 49.2%[22]. Therefore, dyslipidemia 
appears to be an important determinant of increased CHD 
burden in South Asians.

In this article, we review the lipid and lipoprotein 
abnormalities in South Asian population as a potential 
cause of increased CHD risk. We also provide a succinct 
discussion on the efficacy of lipid-lowering therapy in 
South Asians. In Table 1, we provide references and 
a brief overview of studies discussed in this review. In 
Table 2, we summarize major lipid abnormalities in South 
Asians.

SEARCH STRATEGY 
A PubMed/Medline search using key words “South 
Asian, Asian, Indian, lipids, cholesterol, cardiovascular 
disease, metabolic syndrome” was conducted. Studies 
since 1990 were included. Individual studies were initially 
screened using their titles and abstract content. An initial 
pool of studies was identified with this methodology. We 
subsequently reviewed references listed in the selected 
studies and included them in this review when relevant 
to the topic. Individual study references known to the 
authors of this review were also included.

DYSLIPIDEMIA IN SOUTH ASIANS
Total cholesterol, LDL-C and small dense LDL
Hypercholesterolemia (TC > 200 mg/dL) has been 
reported to have a prevalence of up to 35% in men and 
36% in women from South Asian countries[23-25]. LDL-C is 
a well-established marker for the occurrence, recurrence, 
and severity of CHD. It is the co-primary target for lipid-
lowering therapy as per the National Lipid Association 
recommendations for cholesterol management[26].

Elevated LDL-C levels clearly predict CHD risk in 
the South Asian population[17,22,27,28]. In various reports, 
LDL-C levels have been found to be either similar[5,29-32] 
or lower[33] among South Asians compared with Cau
casians. Compared with Caucasian participants in the 
Framingham Offspring Study, LDL-C level and LDL 
particle size were similar in South Asians (LDL-C level: 
139 ± 33 mg/dL vs 135 ± 31 mg/dL, respectively, P < 
0.10; and LDL particle size: 20.6 nmol ± 0.7 vs 20.7 
nmol ± 0.6, respectively, P < 0.08)[31]. LDL-C levels did 
not discriminate between Asian Indian and non-Asian 
Indian males[30]. On the other hand, studies have shown 
that CHD may appear at relatively lower LDL-C levels 
in South Asians. As shown in the INTERHEART study, 
although the overall associations between LDL-C and risk 
for AMI were similar among South Asians and others, 
South Asians had LDL-C levels that were on average 
10 mg/dL lower than other groups. Interestingly, the 
proportion of cases and control subjects from Asia who 
had LDL-C levels < 100 mg/dL was 25.5% and 32.3% 
respectively, compared with 19.4% and 25.3% in non-
Asians, with consistent results in both sexes[22]. These 
results indicate that although LDL-C is associated with 
AMI risk in South Asians, the risk is elevated even at 

a much lower LDL-C level compared with other ethnic 
groups.

Another study analyzed metabolic profile in 1066 
Indian patients of whom 877 had CHD and 189 did not 
have CHD. The 50th percentile for TC was 205 mg/dL 
for the cases and 186 mg/dL for controls, while for 
triglycerides, the 50th percentile was 158 mg/dL for 
cases and 140 mg/dL for controls, thus suggesting the 
occurrence of CHD in this patient population at relatively 
lower levels of cholesterol[34].

Why South Asians carry a higher CHD risk at a given 
LDL-C level remains a question. One of the postulated 
mechanisms is that South Asians carry a higher LDL 
particle burden at a given LDL-C level. Smaller LDL par
ticles are denser and may be more atherogenic[35]. A 
small study showed that the prevalence of small dense 
LDL, (defined as LDL subclasses 5 and 6 as measured 
by the Vertical Auto Profile test) was significantly higher 
in Asian Indians (n = 39) compared with white subjects 
(n = 39) (44% vs 21%, P < 0.05)[36]. A nonsignificant 
trend towards lower LDL particle size as measured 
by gel electrophoresis was also shown in South Asian 
adolescent boys compared with age-matched Caucasian 
adolescent boys[37]. Importantly, the INTERHEART study 
showed that for any LDL-C level, South Asians had 
higher apolipoprotein (apo) B concentration compared 
with other ethnic groups, indicating that for any LDL-C 
level, South Asians carry a higher number of atherogenic 
lipoproteins[22].

Therefore, although elevated LDL-C levels predict 
CHD risk in South Asians as in other ethnicities, the 
LDL-C levels in general are similar or lower in South 
Asians compared with other ethnicities. As shown in 
INTERHEART, a higher LDL-C level, although less frequent 
in South Asians, carries a similar risk for myocardial 
infarction as in other ethnic groups. In addition, at any 
given LDL-C level, South Asians tend to carry a higher 
total atherogenic burden as noted by higher levels of LDL 
particles and apo B in some studies as described above.

Triglycerides and HDL-C
HDL-C levels have been associated with a lower risk of 
CHD, and increasing HDL-C levels and augmenting HDL 
function have been associated with vascular protective 
effects[38-41]. Low HDL-C level (< 40 mg/dL) was defined 
as a CHD risk factor by the National Cholesterol Education 
Program Adult Treatment Panel Ⅲ guidelines[42]. Con
versely, elevated triglycerides (> 150 mg/dL) are 
associated with increased CHD risk and are commonly 
associated with other lipid abnormalities (elevated non-
HDL-C levels and increased LDL particle number) and 
nonlipid risk factors (diabetes mellitus and metabolic 
syndrome)[43].

One of the most common dyslipidemia in South Asians 
is low HDL-C and high triglycerides[14,23-25,44]. The rate of 
hypertriglyceridemia has shown to be higher in South 
Asians compared to Caucasians in several studies[45]. 
Hypertriglyceridemia (> 150 mg/dL) was observed in up 
to 70% of South Asian populations in studies with large 
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sample sizes[46-48]. compared with 34% in Caucasians[49]. 
Low levels of HDL-C (< 40 mg/dL) were seen in up to a 
third of South Asians. In a cross-sectional epidemiological 
descriptive study with 459 Indian subjects in New 
Delhi, HDL-C levels < 40 mg/dL were seen in 37% of 
subjects[45].

Enas et al[5] compared HDL-C levels in 580 Asian 
Indian immigrants in the United States with those of 
native Caucasians in the Framingham Offspring Study. 
The mean levels of HDL-C were 38 mg/dL in Asian 
Indian men compared with 46 mg/dL in Caucasian men 

(P < 0.001). Similar results were seen in women, with 
mean HDL-C levels of 48 mg/dL in Asian Indian women 
compared with 56 mg/dL in Caucasian women (P < 
0.001). Ehtisham et al[50] compared 64 white European 
with 65 South Asian healthy adolescents. Mean HDL-C 
levels were 65 mg/dL in European women compared with 
58 mg/dL in South Asian women (P = 0.001), whereas 
they were 54 mg/dL in European men compared with 
50 mg/dL in South Asian men (P = 0.001). Similarly, in 
the INTERHEART study, HDL-C levels were the lowest in 
the South Asian population, at 32.5 mg/dL in cases and 

Ref. Methodology Primary end point

Enas et al[5] Cross-sectional, case-control study in Asian Indians and Caucasians (n = 1688) CV risk factors
Anand et al[14] Comparative population-based study in South Asians, Chinese, and Europeans (n = 985) CV risk factors
Tillin et al[17] Retrospective chart review (n = 2049 Europeans, 1517 South Asians, and 630 African 

Caribbeans)
CV risk factors

Karthikeyan et al[22] Cross-sectional, population-based case-control study in 65 centers in Asia (n = 5731 cases 
of a first AMI vs 6459 controls)

CV risk factors

Gupta et al[23] Cross-sectional study in South Asians (n = 1800) CV risk factors
Sekhri et al[25] Cross-sectional study in Indians (n = 10642 men and n = 1966 women) CV risk factors
Hoogeveen et al[27] Cross-sectional comparative study in Indians living in India (n = 103) vs those living in 

United States (n = 206)
Lipid profile

Sewdarsen et al[28] Cross-sectional, case-control study in Indian men with CAD (n = 50) vs controls (n = 122) Lipid profile
Lyratzopoulos et al[29] Comparative study between South Asians and Caucasians (n = 34122 men and 37294 

women)
CV risk factors

Superko et al[30] Comparative study between Asian Indian men (n = 224) and non-Asian Indian men (n = 
239)

Lipid profile

Bhalodkar et al[31] Comparative study between Asian Indian men (n = 211) and Caucasian men (n = 1684) Lipid profile
Joseph et al[32] Descriptive study in Asian Indians (n = 206) Lipid profile
Cappuccio et al[33] Population-based survey in 505 South Asians, 524 Caucasians, and 549 Africans CV risk factors
Krishnaswami et al[34] Cross-sectional study in 1066 Indian male patients Lipid profile
Kulkarni et al[36] Cross-sectional study in 39 Asian Indians and 39 Caucasians Lipid profile
Rashid et al[53] Comparative study in 135 adolescent Indian and Caucasian boys Lipid profile
Misra et al[45] Comparative study in Asian Indians and Caucasians CV risk factors
Bhardwaj et al[46] Cross-sectional epidemiological descriptive study in 459 Indian subjects CV risk factors
Gopinath et al[47] Community-based epidemiological survey in 13414 Indian adults CV risk factors
Misra et al[48] Cross-sectional epidemiological descriptive study in 532 Indian subjects CV risk factors
Ehtisham et al[50] Cross-sectional community-based cohort study of 129 Caucasian European and Asian 

Indian boys
CV risk factors

Patel et al[51] Cross-sectional comparative study in Indians (n = 294) and their immigrant counterparts 
in UK (n = 242)

Lipid profile

Sharobeem et al[52] Cross-sectional study in South Asians with stroke (n = 55) and healthy controls (n = 85) Lipid profile
Chow et al[54] Cross-sectional comparative study in Indian (n = 303) and Caucasian (n = 1111) subjects Association of CIMT with lipid profile
Dodani et al[55] Cross-sectional study in South Asian immigrants in United States Association of CIMT with lipid profile
Dodani et al[56] Cross-sectional community-based study in 130 South Asian immigrants in United States Association of CIMT with lipid profile
Isser et al[74] Descriptive study in 50 Indian patients with premature CAD and their first-degree 

relatives
Lp(a) levels

Palaniappan et al[75] Cross-sectional community-based study in Asian Indian American, African American, and 
Caucasian women (n = 70 each)

Lipid profile

Kamath et al[76] Cross-sectional community-based study in 47 South Asian and 47 American women CV risk factors
Anand et al[77] Comparative cross-sectional study in South Asians and Americans Lipid profile
Chopra et al[78] Comparative study in 74 Indians with CAD and 53 controls Lp(a) levels
Gambhir et al[79] Comparative study in 50 Indians with CAD and 50 controls Lp(a) levels
Gupta et al[80] Descriptive study in 101 Indian subjects Lp(a) levels
Articles related to treatment of dyslipidemias in South Asians
Lee et al[89] Rosuvastatin pharmacokinetics in White, Chinese, Malay, and Asian Indian subjects (n = 

35 each)
Patel et al[83] Efficacy and safety of atorvastatin in 33 hyperlipidemic South Asians
Gupta et al[85] Lipid-modifying effects of atorvastatin and simvastatin in 86 South Asians and 137 

Caucasians
Gupta et al[84] ACTFAST: 12 wk prospective, open-label study of atorvastatin in 1978

Table 1  Articles related to dyslipidemias in South Asians

AMI: Acute myocardial infarction;  CAD: Coronary artery disease; ACTFAST: Achieve Cholesterol Targets Fast with Atorvastatin Stratified Titration; 
CIMT: Carotid intima-media thickness; Lp(a): Lipoprotein(a); CV: Cardiovascular.
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33.5 mg/dL in controls, compared with other Asian and non- 
Asian groups. More than 80% of both cases and control 
subjects in South Asia had low HDL-C levels [HDL-C < 
40 mg/dL (men) and < 50 mg/dL (women)][22]. These 
results indicate that the prevalence of low HDL-C levels is 
much higher in South Asians compared with other ethnic 
groups.

High triglyceride and low HDL-C levels are meta
bolically interlinked. This metabolic phenotype is also 
associated with increased levels of small LDL particles 
despite relatively normal levels of LDL-C among South 
Asians. This clinical syndrome is accompanied by insulin 
resistance, a condition frequently referred to as athe
rogenic dyslipidemia, which is a common metabolic 
derangement among Asian Indians[5,31,36,45,50-52]. Rashid 
et al[53] compared lipid levels among South Asians and 
Europeans (n = 244 and 238, respectively) and all 
elements of atherogenic dyslipidemia were more severe in 
South Asians compared to Europeans. Mean triglyceride 
level was 174 mg/dL vs 136 mg/dL (P < 0.0001), LDL-C 
level was 129 mg/dL vs 122 mg/dL (P < 0.02), and HDL-C 
level was 39 mg/dL vs 46 mg/dL among South Asians and 
Europeans, respectively (P < 0.0001).

These studies indicate that atherogenic dyslipidemia 
is more prevalent and severe among South Asians and 
may partially explain the increased CHD risk in this 
population despite relatively normal levels of LDL-C 
compared with other ethnic groups.

HDL PARADOX IN SOUTH ASIANS
Higher HDL-C levels have been shown to be associated 
with a lower risk of CHD[22,27,28,44]. In the INTERHEART 
study, higher HDL-C levels were associated with a 
decreased risk of AMI in South Asians. However, the 
protective effect of higher HDL-C levels seemed to 
be weaker for South Asians (with OR crossing unity) 
compared with other Asians in the INTERHEART study (OR 
for risk of first AMI per 1-SD increase in HDL-C in South 
Asians: 0.87, 95%CI: 0.72-1.06; OR for rest of Asia: 0.77, 
95%CI: 0.70-0.85)[22]. Other investigators have also 

shown a similar lack of protective effect of HDL-C among 
South Asians. In a community-based cross-sectional 
study assessing the correlation of risk factors with carotid 
intima-media thickness (CIMT) among South Asians 
from India (n = 303) and Caucasians from Australia (n 
= 1111), increasing HDL-C levels were associated with 
decreasing CIMT in the Australian population, but the 
reverse was true for the Indian population (P < 0.001)[54]. 
Therefore, South Asians not only have low levels of 
HDL-C but also appear to have much less cardiovascular 
protection from HDL-C compared to other ethnic groups.

Why HDL loses its cardioprotective properties in South 
Asians is unclear. One proposed mechanism is presence 
of dysfunctional HDL particles. In a small study, Dodani 
et al[55] examined 30 South Asian immigrants and found 
that 50% had dysfunctional HDL (as determined by using 
HDL inflammatory index). Presence of dysfunctional 
HDL correlated with subclinical atherosclerosis measured 
by CIMT (P = 0.03)[55]. This finding was supported by 
recently published data from the same authors on 130 
South Asian immigrants who underwent HDL function 
assessment and CIMT measurements; 26% had dys
functional HDL defined as HDL inflammatory index value 
of 1 or greater. Presence of dysfunctional HDL correlated 
with CIMT measurement (P < 0.0024)[56].

It is postulated that metabolic syndrome may render 
HDL pro-inflammatory[57]. The association between dysfun
ctional HDL particles and atherosclerosis in South Asians 
could be potentially explained by a high prevalence of 
metabolic syndrome in South Asians[19]. However, this 
might be a noncausal association, and HDL dysfunction 
indeed may be the result of a diffuse atherosclerotic 
process[58-62]. What causes HDL to become dysfunctional 
in South Asians and whether dysfunctional HDL is a true 
risk factor for increased cardiovascular risk in South 
Asians is not known. In addition, how much the higher 
prevalence of metabolic syndrome in South Asians 
contributes to this effect is not entirely clear. Studies 
with large sample size are needed to further address 
this important question.

HDL SUBFRACTIONS IN SOUTH ASIANS
Another potential explanation for the apparent blunted 
cardioprotection of HDL in South Asians might be related 
to HDL particle size. Similar to LDL, HDL is composed of 
heterogeneous particles, with large particles performing 
highly efficient reverse cholesterol transport, whereas 
small particles might be less efficient in reverse chol
esterol transport. In general, HDL particle size tends to 
be lower in patients with CHD and those with low HDL-C 
levels[55].

The role of HDL and other proteins in reverse chole
sterol transport is of crucial importance for cholesterol 
clearance. Cholesterol is removed from vascular endo
thelial cells and tissue macrophages through a reverse 
transport process, in which receptors on the HDL surface, 
such as apo A-I, bind free cholesterol, which is then 

CAD occurs with relatively lower levels of LDL-C among South Asians
At any given LDL-C level, South Asians tend to carry a higher total 
atherogenic burden (i.e., higher levels of apo B and a higher LDL particle 
concentration)
South Asians tend to suffer from atherogenic dyslipidemia (i.e., high 
triglyceride and low HDL-C levels) more frequently compared with 
other ethnic groups
In South Asians, higher HDL-C levels may not be as protective against 
CAD as in other ethnic groups
In South Asians, HDL particles tend to be smaller and dysfunctional
South Asians have a genetic tendency for elevated atherogenic Lp(a) 
levels

Apo B: Apolipoprotein B; CAD: Coronary artery disease; HDL-C: High-
density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; 
Lp(a): Lipoprotein(a).

Table 2  Summary of lipoprotein abnormalities in South Asians
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carried to the liver and secreted into the bile[63-65]. HDL2b is 
a major HDL subfraction that is larger in size and may be 
more efficient in reverse cholesterol transport[30]. Superko 
et al[30] investigated the prevalence of metabolic disorders 
among Asian Indian and non-Asian Indian males. The 
standard lipid measurements did not discriminate between 
groups. However, the levels of HDL2b were significantly 
lower (12 mg/dL vs 14 mg/dL, respectively, P = 0.0002) 
and the prevalence of low HDL2b subfraction (< 20% of 
total HDL) was higher among Asian Indians compared 
with non-Asian Indians (92% vs 76%, respectively, P 
< 0.0002), suggesting impaired reverse cholesterol 
transport in South Asians. Bhalodkar et al[31] compared 
various lipoprotein concentrations and sizes between 
211 healthy Asian Indian men and 1684 Caucasian men 
from the Framingham Offspring Study. Asian Indians had 
significantly lower concentrations of large HDL particles 
(21 mg/dL vs 24 mg/dL, respectively, P < 0.005), higher 
concentrations of small HDL particles (20 mg/dL vs 
17 mg/dL, respectively, P < 0.0001), and smaller HDL 
particle size (8.5 nm vs 8.9 nm, respectively, P < 0.0001) 
compared with Caucasian men.

Therefore, small HDL particle size potentially resulting 
in inefficient reverse cholesterol transport may be more 
common in South Asians than in other populations and 
could partially explain the observed weaker association 
between HDL-C and cardiovascular events in South 
Asians compared with other ethnicities. As discussed 
previously, prospective studies with large sample size are 
needed to assess further the association between HDL 
particle size and future risk for cardiovascular disease in 
South Asians. It is important to note that in the studies 
described above, HDL particle size was used a surrogate 
for HDL’s reverse cholesterol transport function and no 
direct measurement of reverse cholesterol transport (e.g., 
HDL’s efflux capacity) was performed.

Lipoprotein(a)
Lipoprotein(a) [Lp(a)] is a highly atherogenic and has 
been associated with premature atherosclerosis in 
coronary, cerebral, and peripheral arteries[66-73]. Lp(a) 
levels are primarily genetically determined, and South 
Asian immigrants have Lp(a) levels that are similar to 
those in their counterparts in their home country[71-74] 
and higher than those in Caucasians. Bhatnagar et al[9] 
compared Lp(a) levels of Indian immigrants in West 
London with their siblings in Punjab and found that Lp(a) 
concentrations were similar in both the West London 
Indian and Punjab populations, but were significantly 
higher (P = 0.01) than those of a white European popu
lation in London.

A comparative study of African American, Asian 
Indian American, and Caucasian American women 
(n = 70 for each) was performed by Palaniappan et 
al[75]. In this study, African Americans had the highest 
Lp(a) levels, followed by Asian Indian Americans and 
Caucasian Americans [(Lp(a) 0.5 g/L, 0.3 g/L, and 
0.2 g/L, respectively, P = 0.0001]. Kamath et al[76] also 

compared Lp(a) levels in 47 South Asian women with 
those in 47 American women. Lp(a) levels were higher 
in South Asian women compared with American women 
[median level (range): 50.7 (2.9-323) nmol/L vs 18.3 
(2.9-196) nmol/L, respectively, P < 0.012]. Anand et 
al[77] performed 3 separate studies comparing Lp(a) 
levels in South Asians and Caucasians living in North 
America. The first study included a group of South 
Asian physicians aged 40-57 years who attended an 
annual meeting in North America, whose Lp(a) levels 
were compared with those of their North American 
counterparts (n = 141 and 138, respectively). The mean 
Lp(a) concentration for South Asian physicians was 
19.6 mg/dL compared with 17.5 mg/dL for Caucasian 
North American physicians (P = 0.55). The second study 
compared 255 South Asian churchgoers aged 22-70 
years with 246 Caucasian Americans. The mean Lp(a) 
concentration was significantly elevated in South Asians 
(20.2 mg/dL) compared with Caucasian Americans 
(16.3 mg/dL, P < 0.002). In the third study, 30 South 
Asians and 21 Caucasians who were randomly sampled 
from the community in Canada were compared. South 
Asian Canadians had significantly higher mean Lp(a) 
concentrations compared with Caucasian Canadians 
(34.1 vs 17.3 mg/dL, P < 0.013). Therefore, Lp(a) levels 
in South Asian North Americans are higher than those 
in Caucasian North Americans but lower than in African 
Americans.

In an attempt to evaluate the association between 
Lp(a) levels and CHD risk, Lp(a) levels were compared 
in 74 Indian patients with CHD and 53 healthy Indian 
controls. Patients with CHD had almost 5-fold higher 
Lp(a) levels compared with controls (105 ± 565 mg/dL 
vs 23 ± 76 mg/dL, P < 0.01)[78]. In another study, Lp(a) 
levels were measured in 50 South Asian patients (< 40 
years old) with angiographically documented CHD and 
an equal number of age-matched healthy South Asian 
controls. In patients with angiographically confirmed 
CHD, mean Lp(a) levels were significantly higher than in 
controls (35 mg/dL vs 20 mg/dL respectively, P < 0.002). 
Multiple regression analysis showed that elevated Lp(a) 
level was independently associated with presence of CHD 
among South Asians (OR = 3.06, 95%CI: 1.24-7.55; P 
< 0.001)[79]. Similarly, Gupta et al[80] compared Indian 
patients with angiographically confirmed CHD with age- 
and sex-matched Indian controls. Lp(a) concentration 
was higher in the CHD group (n = 77) compared to the 
control group (n = 24) (27 mg/dL vs 15 mg/dL, P < 0.05). 
Furthermore, Lp(a) values had a graded association with 
CHD. The prevalence of CHD in the first ( < 5 mg/dL), 
second (5-25 mg/dL), third (26-75 mg/dL), and highest 
quartile (≥ 76 mg/dL) of Lp(a) levels was 66.7%, 69.0%, 
87.5%, and 100%, respectively[80].

Overall, these studies point towards a genetic ten
dency for elevated Lp(a) levels in South Asians. These 
elevated Lp(a) levels correlate with presence of CHD and 
might partially explain the population-attributable risk for 
excessive CHD in this group.
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TREATMENT OF DYSLIPIDEMIA IN 
SOUTH ASIANS
Data on the management of dyslipidemia in South 
Asian subjects are sparse despite the critical importance 
of dyslipidemia as a cardiovascular risk factor in this 
population. In the United States, the lipid management 
guideline developed by the American College of Cardio
logy/American Heart Association in 2013 is used for 
management of dyslipidemia[81]. Chandra et al[82] recently 
published a consensus statement regarding dyslipidemia 
management in Indian subjects. The vast majority of 
recommendations are extrapolated from the current 
Western guidelines, because of the paucity of primary 
data in South Asian populations.

Statin therapy
LDL-C-lowering therapy with statins is the mainstay in 
the pharmacological treatment of hypercholesterolemia 
in South Asians, with a suggested LDL-C goal of < 100 
mg/dL in high-risk patients and < 70 mg/dL for very-high-
risk patients as per a recent consensus statement[82]. 
There are no South Asian-specific treatment goals or 
thresholds, given the absence of prospective outcomes 
data, and thus, these goals were derived from studies 
mostly performed in Caucasian populations.

In a study in 33 South Asians with hyperlipidemia, a 
target LDL-C goal of < 77 mg/dL was achieved in 81% of 
patients after 4 wk treatment with 10 mg/d atorvastatin, 
without statin-related adverse effects being noted[83]. 
Similarly, a study in patients with established CHD on 
statins compared the efficacy and safety of atorvas
tatin and simvastatin in South Asians and Caucasians. 
Atorvastatin (median dose = 20 mg/d in both groups) 
produced similar decreases in LDL-C in South Asian (43%) 
and Caucasian (41%) patients and increased in HDL-C by 
19% in South Asians and by 12% in Caucasians (P = NS). 
Simvastatin (median dose = 20 mg/d in both groups) 
reduced LDL-C by 35% in South Asians and by 37% in 
Caucasians while raising HDL-C by 12% in both groups (P 
= NS). Both medications were well tolerated[84].

The Achieve Cholesterol Targets Fast with Atorvastatin 
Stratified Titration study was a 12 wk prospective, open-
label study in patients at high risk for atherosclerosis 
(European origin: n = 1978; South Asian origin: n = 64). 
After propensity matching, atorvastatin lowered LDL-C to 
a similar degree in both groups (reduction in LDL-C from 
baseline was 34% in South Asians compared with 38% 
in Europeans, P = 0.22), with no differences in safety 
observed[85]. Furthermore, postmarketing data for statins 
have not identified any particular safety issues with 
statins in South Asians[86].

Other studies performed head-to-head comparisons 
among different statins in South Asians. Jayaram et 
al[87] compared the use of rosuvastatin 10 mg/d with 
atorvastatin 10 mg/d in adult Indian patients with dysli
pidemia (mean LDL-C > 160 mg/dL and triglyceride > 
400 mg/dL). The fall in the mean LDL-C levels after 6 wk 

of treatment in the rosuvastatin group was 40%, com
pared with 30% in the atorvastatin group. This higher 
efficacy of rosuvastatin in terms of LDL-C lowering was 
further tested in the Investigation of Rosuvastatin in 
South Asians study. In this randomized trial, 740 patients 
of South Asian origin living in United States and Canada 
received 6 wk of treatment with either rosuvastatin (10 
or 20 mg/d) or atorvastatin (10 or 20 mg/d). A total 
of 485 patients (66%) were categorized as being at 
high risk for CHD, with a National Cholesterol Education 
Program Adult Treatment Panel Ⅲ treatment goal of 
LDL-C < 100 mg/dL. LDL-C levels decreased by 45% 
with rosuvastatin 10 mg vs 40% with atorvastatin 10 mg (P 
= 0.002) and by 50% with rosuvastatin 20 mg vs 47% 
with atorvastatin 20 mg (P = NS). National Cholesterol 
Education Program Adult Treatment Panel Ⅲ LDL-C 
goal attainment rates in high-risk patients were 76% 
(79%) and 88% (89%) with rosuvastatin 10 (20 mg), 
respectively, compared with 70% (76%) and 81% (85%) 
with atorvastatin 10 (20 mg), respectively. Rosuvastatin 
and atorvastatin were both well tolerated[88].

In a pharmacokinetic study of rosuvastatin, both 
lasting time in serum and peak plasma concentrations 
were higher in Asian Indians compared with non-Asian-
Indians living in Singapore (P < 0.0001)[89]. This lower statin 
metabolism has raised a concern about increased side 
effects of statins in South Asians, especially with higher 
doses. The United States Food and Drug Association-
approved highest doses of statin are, therefore, lower for 
Asians compared with other groups[90], and it might be 
prudent to start a lower dose of a statin in Asian patients.

Overall, these results point to similar efficacy with 
statin therapy in South Asians compared with Caucasians, 
although, based on pharmacokinetic data, the maximum 
approved dose for rosuvastatin is lower for Asians 
(including South Asians) compared with other ethnicities. 
The recommended initiation dose for rosuvastatin is 5 
mg once daily, with maximum recommended dose of 20 
mg daily, for Asians.

Combination drug therapy
Given the plethora of lipoprotein abnormalities in South 
Asians, targeting non-LDL lipid fractions may be relevant. 
Sharma et al[91] studied combination therapy of lovastatin 
and niacin in a prospective multicenter study that included 
131 Asian Indians with LDL-C levels ≥ 130 mg/dL. A 
significant trend was observed in LDL-C lowering (levels 
at baseline and weeks 4, 12, and 24, respectively: 153, 
127, 109 and 95 mg/dL; P < 0.05). The percentage 
decrease in LDL-C from baseline was 38% at 24 wk. 
Similarly, HDL-C was increased by 18%, triglycerides 
were decreased by 21%, and Lp(a) was decreased by 
44.5% (P < 0.05) at 24 wk compared with baseline. No 
significant changes were observed in systolic or diastolic 
blood pressure, blood creatinine, transaminases, or 
creatinine kinase, suggesting an acceptable safety profile.

Ezetimibe is a nonstatin medication that lowers 
plasma levels of LDL-C by inhibiting the activity of the 
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Niemann- Pick C1-like 1 (NPC1L1) protein. Stitziel et al[92] 
sequenced the exons of NPC1L1 in 7364 patients (844 
South Asians) with CHD and in 14728 controls (1107 
South Asians). Naturally occurring mutations that disrupt 
NPC1L1 function were found to be associated with 
reduced plasma LDL-C levels and a reduced risk for CHD 
in individuals with various ethnic backgrounds, including 
South Asians. This finding suggested that inhibitory drugs 
such as ezetimibe could reduce LDL-C level and CHD risk 
reduction in South Asians similar to in other populations. 
In another study, ezetimibe and statin combination 
therapy was examined in 64 South Asian Canadians with 
CHD or diabetes and persistent hypercholesterolemia 
on statin therapy. Patients were randomized to receive 
ezetimibe 10 mg/d coadministered with statin therapy 
or a doubling of their current statin dose. At 6 wk, the 
proportion of patients achieving target LDL-C (< 77 mg/dL) 
was significantly higher among the ezetimibe + statin-
treated patients compared with the statin-doubling group 
(68% vs 36%, respectively; P = 0.031) with an OR 
(95%CI) of 3.97 (1.19-13.18), accounting for baseline 
LDL-C levels and adjusting for age. At 12 wk, 76% 
of ezetimibe + statin patients achieved target LDL-C 
compared with 48% of the patients in whom statin dose 
was doubled (adjusted OR = 3.31, 95%CI: 1.01-10.89; 
P = 0.047). No serious adverse effects were recorded[93]. 
Despite these findings, it is important to note that the 
current cholesterol treatment guidelines recommend the 
use of maximum tolerated statin dose before adding a 
second LDL-C-lowering agent.

Combination therapy targeting various dyslipidemias 
in South Asians appears to be promising. Prospective 
studies with large sample size and longer follow-up 
period are needed to assess accurately the efficacy 
and safety profile of these agents in South Asian 
populations. Importantly, data are needed to assess 
whether the use of combination therapy improves 
cardiovascular outcomes in this patient population with 
a specific need for combination therapy, given the high 
prevalence of atherogenic dyslipidemia as discussed 
above.

CONCLUSION
South Asians have a high CHD prevalence and suffer 
from early-onset CHD compared with other ethnic 
groups. Conventional risk factors may not fully explain 
the increased CHD risk in this population. Indeed, South 
Asians have a unique lipid profile which may predispose 
them to premature CHD. The dyslipidemia in South 
Asians is most importantly characterized by elevated 
levels of triglycerides, low levels of HDL-C, elevated 
Lp(a) levels, and a higher atherogenic particle burden 
despite relatively normal LDL-C levels. HDL particles 
appear to be smaller, dysfunctional, and proatherogenic 
in South Asians. Despite the rapid expansion of the 
current literature with better understanding of the 
specific lipid abnormalities in this patient population, 
studies with adequate sample sizes are needed to 

assess the significance and contribution of a given lipid 
parameter on overall cardiovascular outcomes in this 
patient population. Specific lipid management goals and 
treatment thresholds do not exist for South Asians due to 
the paucity of data. Current treatment recommendations 
are mostly extrapolated from Western guidelines. Lastly, 
large, prospective studies with outcomes data are 
needed to assess cardiovascular benefit associated with 
various combination therapies in this patient population.
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Abstract
Alteration in breathing patterns characterized by cyclic 
variation of ventilation during rest and during exercise 
has been recognized in patients with advanced heart 
failure (HF) for nearly two centuries. Periodic breathing 
(PB) during exercise is known as exercise oscillatory 
ventilation (EOV) and is characterized by the periods of 
hyperpnea and hypopnea without interposed apnea. EOV 
is a non-invasive parameter detected during submaximal 
cardiopulmonary exercise testing. Presence of EOV during 
exercise in HF patients indicates significant impairment 
in resting and exercise hemodynamic parameters. EOV 
is also an independent risk factor for poor prognosis in 
HF patients both with reduced and preserved ejection 
fraction irrespective of other gas exchange variables. 
Circulatory delay, increased chemosensitivity, pulmonary 
congestion and increased ergoreflex signaling have 
been proposed as the mechanisms underlying the 
generation of EOV in HF patients. There is no proven 
treatment of EOV but its reversal has been noted with 
phosphodiesterase inhibitors, exercise training and 
acetazolamide in relatively small studies. In this review, 
we discuss the mechanistic basis of PB during exercise 
and the clinical implications of recognizing PB patterns in 
patients with HF.

Key words: Exercise; Oscillatory ventilation; Heart 
failure

© The Author(s) 2016. Published by Baishideng Publishing 
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Core tip: Alteration in breathing patterns in patients 
with advanced heart failure (HF) characterized by cyclic 
variation of ventilation with a period of approximately one 
minute is known as periodic breathing. Periodic breathing 
during exercise, known as exercise oscillatory ventilation 
(EOV), is an oscillatory ventilatory pattern during 
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exercise that persists for at least 60% of the exercise 
test with an amplitude ≥ 15% of the average resting 
value. Circulatory delay, pulmonary congestion and 
chemoreceptor sensitivity has been proposed to cause 
generation of EOV. EOV is found to be an independent 
predictor of worse outcome irrespective of other gas 
exchange variables in HF patients. 

Dhakal BP, Lewis GD. Exercise oscillatory ventilation: 
Mechanisms and prognostic significance. World J Cardiol 
2016; 8(3): 258-266  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i3/258.htm  DOI: http://dx.doi.
org/10.4330/wjc.v8.i3.258

INTRODUCTION
Impaired cardiac filling or ejection of the blood are the 
cardinal features of heart failure (HF) which leads to 
multiple organ systems dysfunctions[1] with dyspnea 
on exertion and exercise intolerance being the most 
common. Alteration in breathing patterns with cyclic 
variation of breathing secondary to instability in respira­
tory control has been a recognized feature of HF for 
almost two centuries[2,3]. Cheyne[2] (1818) first described 
a severe form of disordered breathing during rest charac­
terized by alternating hyperpnea and hypopnea with 
intervals of apnea lasting almost a minute in a patient 
with HF and similar case was described by Stokes[3] 
nearly three decades later (1854) after which the 
condition was named Cheyne-Stokes breathing. 

Periodic breathing (PB) characterized by cyclic variation 
of ventilation with or without interposed apnea have been 
observed at rest[4], during sleep[4-7] and during exercise[8-10] 
(Figure 1) in HF patients. Sleep disordered breathing 
such as obstructive sleep apnea (OSA) and central sleep 
apnea (CSA) has been observed in nearly 50% of stable 
HF patients[6] with CSA being significantly more prevalent 
(40%) than OSA. In one study, the presence of sleep 
disordered breathing at night was accurately predicted 
by concomitant daytime PB (AUC 0.821, P < 0.01 at 
receiver operating characteristic analysis, sensitivity 75%, 
specificity 75%)[4].

An unusual crescendo-decrescendo ventilatory res­
ponse to exercise in patients with heart disease without 
resting Cheyne-Stokes breathing was initially reported 
by Weber[11] and further described by Kremser et al[12] in 
1987. This phenomenon of periodic oscillatory breathing 
during exertion without interposed apnea is now 
known as exercise PB or exercise oscillatory ventilation 
(EOV) (Figure 2). EOV has recently been recognized in 
significant percentage of symptomatic HF patients, both 
with reduced[4,9,10,12-17] and preserved[18] left ventricular 
ejection fraction (LVEF). Despite the frequent occurrence 
of PB in patients with HF, pathophysiologic mechanisms 
that induce irregular breathing as well as the therapeutic 
modalities to reverse this condition in HF still remain 

incompletely understood. In this review, we focus speci­
fically on EOV discerned in the context of measuring 
expired gas exchange variables during exercise through 
cardiopulmonary exercise testing.

CARDIOPULMONARY EXERCISE TESTING 
AND EOV 
Cardiopulmonary exercise testing (CPET) provides a 
unique opportunity to evaluate patient’s aerobic capacity 
with breath-by-breath expired gas parameters[19]. 

Besides providing information about patient’s functional 
capacity with peak oxygen uptake (VO2)[20], CPET is also 
helpful in delineating pulmonary vascular abnormalities 
in HF patients. Studies have shown that ventilatory 
efficiency (VE/VCO2 slope)[21,22] is even better predictor 
of HF outcomes than peak VO2. EOV on the other hand 
is discerned in HF patients during submaximal exercise 
which makes it a very attractive CPET parameter in 
those patients who are not able to complete maximal 
effort exercise testing.

EOV 
Definitions
Presence of EOV during CPET is identified by ventilatory 
oscillations with a typical cycle length and amplitude but 
there are a lot of variations on its definition[23]. Cycle 
length of an oscillation in VE is the time between nadirs 
of two ventilatory oscillations and the amplitude of 
oscillation is the difference between the peak VE during 
an oscillation and the nadirs in VE (Figure 2)[24]. Some 
of the definitions used for EOV are: (1) Kremser et al[12] 

and Corrà et al[10,13]: Oscillations in VE with a cycle length 
of approximately 1 min, amplitude > 15% of resting VE, 
and duration > 60% (> 66%[12]) of exercise duration; 
(2) Ben-Dov et al[25]: 3 or more consecutive regular 
oscillations in VE with oscillation amplitude > 25% of 
average VE and cycle length 30-60 s; (3) Leite et al[15]: 
Three or more cycles of regular oscillation in VE with 
standard deviation of 3 consecutive cycle lengths within 
20% of the average and minimal average amplitude of 
oscillation > 5 L/min; and (4) Sun et al[24]: Three or more 
consecutive cyclic fluctuations in VE, amplitude > 30% 
of concurrent mean VE, oscillation of ≥ 3 gas exchange 
variables, cycle length of 40-140 s. 

The American Heart Association consensus statement 
has defined EOV as an oscillatory ventilatory pattern that 
persists for at least 60% of the exercise test at amplitude 
15% or more of the average resting value[19]. Due to 
the lack of automated measurement methods, presence 
of EOV during CPET is usually analyzed manually 
which may have lead to variations in its definitions and 
appropriate identification. More recently custom software 
has been used to identify EOV during exercise[26,27].

Prevalence of EOV 
The prevalence of EOV has been different based on 
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the severity and type of HF patient population studied. 
Patients with HF with reduced ejection fraction (HFrEF) 
has been found to have EOV prevalence of 12%-58%
[8-10,12,13,15,16,18,24,28]. We found EOV prevalence of 45% in 
a subset of patients with HFrEF (n = 56, mean ± SD: 
LVEF = 30% ± 6%, peak VO2 = 12.4 ± 0.5 mL/kg per 
minute)[8]. EOV is similarly common in patients with HF 
and preserved ejection fraction (HFpEF)[18,29-31] with one 
previous study reported prevalence of 31%[18]. Olson et 
al[29] found that 41% of HF patients with EOV had LVEF ≥ 
40%, and in the study by Matsuki et al[30] the mean LVEF 
in HF patients with EOV was 41.3 ± 16.3.

Mechanisms of generation of EOV
There is limited data regarding the mechanistic basis for EOV 
despite its significant association with poor outcomes in HF 
patients[32]. The control of the normal ventilation is through 
the feedback loop between pulmonary gas exchanging 
capillaries and peripheral chemoreceptors located in the 
carotid bodies and the central chemoreceptors located 
in the medulla (Figure 3)[33-37]. Any instability of this 
ventilatory regulation can lead to generation of oscillatory 
respiratory pattern. The generation of crescendo and 
decrescendo respiratory pattern can be caused by: 
(1) Circulatory delay (i.e., increased circulation time 
from the lung to the brain and chemoreceptors due to 
reduced cardiac index leading to delay in information 
transfer)[15,36,37]; (2) increase in controller gain (i.e., 
increased central and peripheral chemoreceptor sensiti­
vity to PaCO2 and PaO2)[14,35,38]; or (3) reduction in system 
damping (i.e., baroreflex impairment) (Figure 3). The 
possible mechanisms responsible for generation of PB 
during exercise (i.e., EOV) have largely been extrapolated 
from studies of PB at rest[39] and during sleep[15,40] even 
though there has been limited overlap between PB during 
exercise and during sleep[13]. 

Circulatory delay: Reduced cardiac output in patients 
with HF increases the circulation time from lungs to 
chemoreceptors and respiratory centers. This delayed 
transfer of information has been postulated to generate 
late feedback signals leading to oscillations in ventilation[41]. 
Hypotension and circulatory delay has been shown to 
induce cardiorespiratory oscillations in experimental rat 

models[42]. Similarly reduced resting CI and prolonged 
lung-to ear circulation time (LECT) were the major 
determinants of PB at rest in HF patients in one previous 
study[43]. LVEF has also been noted to be significantly lower 
in HF with PB compared to those without PB[44]. Delayed 
generation of respiratory and pulmonary blood flow 
oscillations during exercise compared to LVEF fluctuations 
in HF patients also supports delayed circulation causing 
alterations in respiratory feedback mechanisms[45]. 

In a study of 56 HFrEF patients, those with EOV 
demonstrated a greater degree of hemodynamic impair­
ment both at rest and during exercise and had 25% lower 
cumulative CI compared to HF patients without EOV[8]. 
The amplitude and duration of oscillations were inversely 
related to exercise CI, and the changes in cycle length and 
amplitude of EOV after 12 wk of treatment with sildenafil 
were inversely related to changes in CI[8]. In another small 
study (n = 17, age 68 ± 12 years), patients with advanced 
HF, as reflected by a lower peak VO2 and higher VE/VCO2 
slope, had a longer cycle length of ventilatory oscillations 
and a longer phase difference between oscillating VO2 and 
VE

[46]. Attenuation of EOV during high-intensity exercise 
could be due to increased CI during exercise leading to 
reduced circulation time which supports circulatory delay 
as an important determining factor for the generation of 
EOV. However, some investigators have argued against 
contribution of circulatory delay to EOV but did not directly 
measure cardiac output or circulation time[45]. 

Increased chemosensitivity: Increased carotid and 
aortic chemoreceptor sensitivity to minimal changes 
in arterial O2 and CO2 may contribute to sympathetic 
overactivity which leads to excessive and irregular 
ventilation during exercise[47]. Enhanced hypoxic and 
central hypercapneic chemosensitivity may cause 
increased ventilatory response (VE/VCO2) to exercise 
in HF patients[48]. Such chronically increased ventilation 
causes reduction in arterial concentration of both CO2 and 
bicarbonate[49] which weakens the blood’s ability to buffer 
against changes in CO2 levels leading to overly sensitive 
ventilatory control system. Pitt et al[50] in 1907 observed 
that a modest increase in partial pressure of CO2 triggers 
a cycle of hyperventilation-induced reduction in PaCO2 
until the apnea threshold is reached leading to Cheyne-
Stokes breathing. In a quantitative algebraic analysis 
of the dynamic cardiorespiratory physiology, circulatory 
delay and increased chemoreflex gain were found to be 
the primary factors causing EOV[47]. In both experimental 
cat models and stable HF patients, inhalation of 100% 
O2 decreased the peripheral chemoreceptor discharge 
and thus oscillatory ventilation[34,42]. Steens et al[51] 
noticed that inhalation of 3% CO2 virtually eradicated 
Cheyne Stokes Respiration in HFrEF patients with stable 
NYHA class Ⅲ-Ⅳ symptoms. Similarly dihydrocodeine 
attenuated PB by reducing chemosensitivity in 42% of 
HF patients[34]. 

Despite the proposed mechanism of increased peri­
pheral chemoreceptor sensitivity causing EOV, there 
may be other non-peripheral chemoreceptor mediated 
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Figure 1  Types of periodic breathing in heart failure patients. PB: Periodic 
breathing.
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mechanisms involved in mediating increased ventilatory 
response to exercise[52]. In one study of HFrEF patients, 
arterial blood gases (PaCO2 and PaO2) at rest and 
average values across the first 6 min of exercise in HF 
patients had no relationship with EOV[8]. The amplitude 
and duration of EOV was also not related to mean PaCO2 

which argues against a PaCO2 set point close to the 
apnea threshold, serving as a major determinant of the 
presence of EOV in HF patients[8].

Pulmonary congestion: Pulmonary congestion[53] 
and decreased lung compliance[54] has been postulated 
to cause overstimulation of the ventilatory control 
center which leads to hyperventilation and decrease in 
PCO2

[55] and thus generating PB. Elevated pulmonary 
capillary wedge pressure, a surrogate marker for 
pulmonary congestion, stretches pulmonary C fibers 
(J receptors)[56] which in turn stimulates the medullary 
respiratory center via vagal afferents[57], leading to rapid 
shallow breathing, hypocapnia, and initiation of PB at 
rest. The damping effects of O2 and CO2 stores which 
prevent oscillations are also reduced by pulmonary 

congestion and a small fluctuation in CO2 level makes 
the respiratory control unstable in HF patients with 
pulmonary congestion[37]. In 1943, Christie et al[58] 

were able to induce PB due to pulmonary congestion by 
occluding a pulmonary vein. Recent findings of increased 
resting and exercise cardiac filling pressures[8,30] and 
higher NT-proBNP[30] levels in HF patients with EOV 
compared to those without EOV extends their findings. 
Despite these findings suggestive of role of pulmonary 
congestion as the etiology for EOV, this mechanism 
has been questioned by some investigators[45] which 
noticed disappearance of EOV during later exercise in 
HF patients despite an increase in PCWP. 

Ergoreflex signaling: HF causes metabolic and 
structural abnormalities in the skeletal muscles which 
may also lead to enhanced ergoreflex signaling during 
exercise which has been postulated as an etiologic 
factor for generation of PB. Increased ergoreflex may be 
associated with worse NYHA class, decreased exercise 
tolerance, and hyperventilation during exercise in HF 
patients[59-61]. In a study by Pardaens et al[62], ergoreflex 
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activity contributed to hyperventilation in HF patients 
with a history of recent decompensation or persistent 
symptoms. Oscillations in output of neurologic stimuli 
from the medullary vasomotor center may explain 
disappearance of respiratory oscillations found at rest or 
at low levels of exercise during more intense exercise[43]. 
Decreased activation of both CO2 chemoreflex and 
the ergoreflex has recently been shown to decrease 
ventilatory drive after cardiac resynchronization 
therapy[63]. Despite the proposed contribution of 
ergoreceptors to the autonomic, hemodynamic, and 
respiratory responses to exercise in HF patients, further 
investigation is needed to establish its relationship to 
hyperventilation and EOV in HF patients.

Prognostic Significance of EOV
It has been well known that the prevalence of EOV 
tracks with the metrics of HF severity such as higher 
NYHA class, lower peak VO2, higher VE/VCO2 slopes and 
lower PETCO2

[8,12,13,15,16,24,28-30,64-69]
 (Table 1). EOV actually 

provides strong independent prognostic information 
regarding the severity of HF even after adjustment for 
these variables. The initial study describing the prognostic 
significance of PB by Ponikowski et al[34] predicted poor 
2-year survival in HF patients with abnormal breathing 
patterns which was independent of peak VO2 and NYHA 
class. Similarly Bard et al[17] also observed resting 
ventilatory variation to be the best predictor of mortality 
in 44 matched HFrEF patients. Leite et al[15] and Corrà et 
al[10,13] both found that HF patients with EOV had 3-fold 
higher mortality compared to those without EOV (Table 
1). When EOV is present along with other abnormal 
ventilatory patterns either during sleep or during 
exercise, the risk of mortality increases even further as 
those observed by Corrà et al[13] in a group of HF patients 
who had abnormal breathing patterns during sleep and 
EOV during exercise (54% adverse events in patients 
with EOV and apnea hypopnea index > 30/h vs 17% 
with EOV alone, OR = 6.65, 95%CI: 2.6-17.1, P < 0.01). 
Similarly the odds of dying in 6 mo increased by 4-fold 
(9.4 to 38.9) when EOV was present along with elevated 
VE/VCO2 slope in another group of HF patients[24]. EOV is 
not only known to be the independent predictor of overall 
mortality and sudden cardiac death in HFrEF patients but 
also the strongest predictor of mortality in HFpEF patients 
in multivariate models[9]. Ingle et al[28] observed EOV to 
be the predictor of mortality independent of peak VO2, 
VE/VCO2 slope, LVEF, age, and 6-min walking distance. 
EOV has recently been recognized as a potent prognostic 
indicator in patients with congenital heart disease as EOV 
along with the percentage of maximum predicted HR 
were independent predictors of the combined outcome of 
death, transplantation or cardiovascular hospitalization in 
patients who underwent Fontan procedure[27]. 

The superior prognostic value of EOV and VE/VCO2 
slope compared to peak VO2 has been observed in 
multiple studies examining the relative predictive values 
of various CPET variables (Table 1). EOV along with 
other CPET derived variables (VE/VCO2 slope, oxygen 

uptake efficiency slope and ventilatory equivalent for 
CO2 nadir) has been shown to outperform the traditional 
Heart Failure Survival Score in predicting outcomes in 
patients with mild-to-moderate HF[70]. Guazzi et al[71] 

recently characterized EOV in patients with broader 
cardiovascular risk factors and found the EOV to be an 
indicator of worse CV risk factor profile in patients even 
without clinical manifestations of HF. The feasibility of 
EOV measurements during submaximal exercise during 
CPET makes it particularly attractive in HF population 
who are unable to do maximum effort exercise testing.

EOV reversibility
Various pharmacological or surgical interventions has 
been performed in HF patients to identify the potential 
reversibility of EOV but there has not been any large 
scale clinical trial with EOV as the primary endpoint. In 
a small randomized double-blind placebo controlled trial 
of HFrEF patients, serial assessment of EOV before and 
after 12 wk of sildenafil treatment showed reduction 
in EOV cycle length and oscillatory amplitude and 
increase in exercise CI in the sildenafil group compared 
to placebo[8]. The changes in oscillatory cycle length 
and amplitude after sildenafil treatment were inversely 
related to changes in exercise CI[8]. This finding was 
further supported by another study from Guazzi et al[18] 
who noted resolution of EOV in the majority of patients 
treated with sildenafil, although EOV was not a pre-
specified endpoint in these trials with small number of 
study subjects (n < 40). 

Attenuation of PB has been observed with valvular[72] 
and open heart surgeries, and cardiac transplantation[73]. 
There are few other studies involving small number of 
patients that showed resolution of EOV with different 
therapeutic interventions. For example, Ribeiro et al[74] 
noticed reduction in EOV with phosphodiesterase-3 in­
hibitor milrinone in three patients and Castro et al[75] 
reported reversal of EOV and improvement in NYHA 
class with exercise training in one HF patient despite no 
change in LVEF. Reversal of EOV in 71% of stable HFrEF 
patients has also been observed after 3 mo of outpatient 
exercise training program[76]. This highlights the 
importance of exercise therapy in both HFrEF and HFpEF 
patients. Recent studies have shown that inhalation of 
CO2

[77] and acetazolamide[77,78] treatment significantly 
reduced PB during exercise in HF patients. Kazimierczak 
et al[67] noticed reversal of EOV in more than 85% of the 
HF patients after three months of nocturnal adaptive 
servoventilation even though it was a very small study 
(n = 8). Finally, in an experimental study of pacing 
induced-CHF rabbit models, carotid body chemoreceptor 
denervation reduced disordered breathing patterns[79].

CLINICAL IMPLICATIONS
EOV is a significant prognostic indicator of adverse 
outcomes in HF patients. EOV identification at submaxi­
mal levels of exercise during CPET and the possibility of 
EOV reversal with HF interventions makes it a potential 
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surrogate end point of interest for HF clinical trials 
focused on improvement in gas exchange variables and 
exercise hemodynamics. There is still a need for HF 
studies with specific EOV endpoint to identify whether HF 
interventions such as diuretic therapy, exercise training, 
phosphodiesterase inhibitors, cardiac resynchronization 
therapy, intensification of neurohormonal blockade, 
cardiac surgery or other emerging therapies such as 
neprilysin inhibitors will successfully attenuate EOV, 
and if that modification translates into improvement in 

underlying cardiac dysfunction and clinical outcome of HF 
patients. 

CONCLUSION
EOV is a noninvasive and reproducible exercise para­
meter which is easily recognizable during submaximal 
cardiopulmonary exercise testing. EOV has been proven 
to be a strong predictor of reduced survival in HF patients 
irrespective of the echocardiographic and gas exchange 

Ref. No. of patients NYHA class, LVEF Prevalence of PB Clinical and prognostic significance of EOV Significant mortality predictors 

Corrà et al[10], (2002) 323 NYHA 2.2 ± 0.9
LVEF 24 ± 8

     12% EOV present in 28% of nonsurvivors vs 9% 
survivors, follow-up period 22 ± 11 mo

NYHA class, LVEF, peak VO2

Leite et al[15], (2003)   84 NYHA 2-4
LVEF 35 ± 7

     30% EOV independently increased the risk of 
death by 2.97 fold, median follow-up period 

of 11.3 mo

Peak VO2, NYHA class, VE/VCO2 
slope

Corrà et al[13], (2006) 133 NYHA 2.3 ± 0.7
LVEF 23 ± 7

     21% 42% mortality in EOV patients vs 15% in non 
EOV, follow-up period 39 ± 11 mo

NYHA class, peak VO2, VE/VCO2 
slope, AHI, LVEF, lower rate of 

beta blocker use, peak HR
Guazzi et al[9], (2007) 156 NYHA 1-4

LVEF 35 ± 11
     33% EOV was the strongest predictor of overall 

and SCD mortality. EOV present in 100% 
arrhythmic and 47% nonarrhythmic deaths, 

follow-up period 28 ± 25 mo 

LV mass, LVESV. VE/VCO2 slope 
maintained a predictive value 
as to overall cardiac mortality 

and pump failure death 
outperforming EOV as predictor 

of pump failure mortality
Guazzi et al[18], 
(2008)

556 (405 
HFrEF, 151 

HFpEF)

NYHA 2.4 ± 0.8 in 
HFrEF, 2.0 ± 0.9 in 

HFpEF

35% in HFrEF, 
31% in HFpEF

EOV was strongest predictor of mortality in 
HFpEF compared to HFrEF in multivariate 

models; EOV was similar predictor of 
mortality in both HFrEF and HFpEF without 

LVAD or transplant 

VE/VCO2 slope in multivariate 
model, peak VO2 in univariate 

model

Arena et al[16], (2008) 154 NYHA 2.2
LVEF 30 ± 14

     36% Event (death, transplant or LVAD) free 
survival 55% in EOV vs 82% in non EOV 

patients, follow-up period 3 yr

VE/VCO2 slope, LVEF

Bard et al[17], (2008)   44 LVEF 19 ± 7      13% Death or transplant rate 68% in patients 
with PB vs 52% without PB

Resting ventilatory variation 
more powerful predictor of 

mortality than peak VO2 and 
VE/VCO2 slope

Olson et al[29], (2008)   47 NYHA 2.6 ± 0.8
LVEF 37 ± 17

       7% EOV associated with higher VE/VCO2 slope, 
VD/VT, lower PETCO2, higher NYHA class

Ingle et al[28], (2009) 240 LVEF 34 ± 6 31% by Leite and 
25% by Corrá 

Criteria

50% of patients diagnosed with EOV by 
Corrá criteria and 58% diagnosed by Leite 

criteria died within 1 yr
Sun et al[24], (2010) 580 NYHA 2-4

LVEF 26 ± 7
     51%  EOV combined with elevated VE/VCO2 (≥

155% predicted) resulted in an OR of 39 for 
6 mo mortality

Peak VO2, AT, peak oxygen 
pulse significantly worse in 

nonsurvivors
Ueshima et al[68], 
(2010)

  50 NYHA 1-3      28% EOV associated with lower peak VO2 and 
higher VD/VT

Murphy et al[8], 
(2011)

  56 NYHA 2-4
LVEF 30 ± 6

     45% EOV related to ↓exercise cardiac output and 
↑cardiac filling pressures

Scardovi et al[31], 
(2012)

370 NYHA 1-3
LVEF 41% (range 

34%-50%)

     58% EOV, VE/VCO2 slope and its ratio to 
peak VO2 predicted all-cause mortality 

independent of LVEF

Hemoglobin level, creatinine, 
BMI, HF admissions in the 

previous year
Matsuki et al[30], 
2013

  46 NYHA 3
LVEF 41 ± 16

     44% EOV patients had ↑cardiac filling pressures, 
higher NT-proBNP value, ↑VE/VCO2 slope, 

low PETCO2 and greater Borg dyspnea score
Nathan et al[27], 
(2015)

253 NYHA 1-3      38% 5 yr rate of death or transplant 14.1% in 
Fontan patients with EOV vs 4.1% of those 

without EOV

NYHA class, peak HR

Table 1  Prevalence and clinical significance of exercise oscillatory ventilation in heart failure patients

LVEF and follow-up periods are in mean ± SD. NYHA: New York Heart Association; VO2: Oxygen uptake; VE: Ventilator efficiency; AHI: Apnea-hyponea 
index; AT: Anaerobic threshold; HR: Heart rate;  LVEF: Left ventricular ejection fraction; HFrEF: HF and reduced ejection fraction; HFpEF: HF and 
preserved ejection fraction; HF: Heart failure; OR: Odds ratio; SCD: Sudden cardiac death; LVAD: Left ventricular assist device; LVESV: Left ventricular 
end systolic volume; PETCO2: End tidal partial pressure of carbon dioxide; VD/VT: Ratio of physiologic dead space over tidal volume; BMI: Body mass 
index; NT-proBNP: N terminal pro brain natriuretic peptide.
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variables. Presence of EOV in a HF patient indicates 
significant impairment in resting and exercise cardiac 
hemodynamic parameters, especially when the cycle 
length of EOV is longer than one minute and when EOV 
occurs early during exercise. HF patients presenting with 
EOV may therefore need an intensification of therapy to 
optimize cardiac hemodynamics, and improve overall 
symptoms and functional capacity.
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Abstract
Atrial fibrillation (AF) is the most common arrhythmia in 
clinical practice. Several conventional and novel predictors 
of AF development and progression (from paroxysmal 
to persistent and permanent types) have been reported. 
The most important predictor of AF progression is 
possibly the arrhythmia itself. The electrical, mechanical 
and structural remodeling determines the perpetuation 
of AF and the progression from paroxysmal to persistent 
and permanent forms. Common clinical scores such as 
the hypertension, age ≥ 75 years, transient ischemic 
attack or stroke, chronic obstructive pulmonary disease, 
and heart failure and the congestive heart failure, 
hypertension, age ≥ 75 years, diabetes mellitus, stroke/
transient ischemic attack, vascular disease, age 65-74 
years, sex category scores as well as biomarkers related 
to inflammation may also add important information on 
this topic. There is now increasing evidence that even in 
patients with so-called lone or idiopathic AF, the arrhythmia 
is the manifestation of a structural atrial disease which 
has recently been defined and described as fibrotic atrial 
cardiomyopathy. Fibrosis results from a broad range 
of factors related to AF inducing pathologies such as 
cell stretch, neurohumoral activation, and oxidative 
stress. The extent of fibrosis as detected either by late 
gadolinium enhancement-magnetic resonance imaging 
or electroanatomic voltage mapping may guide the 
therapeutic approach based on the arrhythmia substrate. 
The knowledge of these risk factors may not only delay 
arrhythmia progression, but also reduce the arrhythmia 
burden in patients with first detected AF. The present 
review highlights on the conventional and novel risk 
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Core tip: Atrial fibrillation (AF) is a progressive disease 
associated with increased morbidity and mortality. Preven­
tion of arrhythmia progression is therefore of paramount 
importance. An intense rhythm control strategy will 
prevent structural and electrical remodelling. The modifi­
cation of common risk factors of AF development and 
progression such as hypertension, obesity, and sleep 
apnoea should be additionally considered. Emerging risk 
factors such as inflammation and fibrosis will guide the 
therapeutic approach in the future.

Vlachos K, Letsas KP, Korantzopoulos P, Liu T, Georgopoulos S, 
Bakalakos A, Karamichalakis N, Xydonas S, Efremidis M, Sideris 
A. Prediction of atrial fibrillation development and progression: 
current perspectives. World J Cardiol 2016; 8(3): 267-276  
Available from: URL: http://www.wjgnet.com/1949-8462/full/
v8/i3/267.htm  DOI: http://dx.doi.org/10.4330/wjc.v8.i3.267

INTRODUCTION
Atrial fibrillation (AF) is the most common arrhythmia 
managed in clinical practice and its incidence increases 
sharply with age[1]. AF is associated with increased 
morbidity and mortality that primarily occur as a result 
of 2 complications: Stroke and heart failure (HF)[2]. 
Mortality is increased because of a combination of 
altered hemodynamics, atrioventricular dyssynchrony, 
progressive atrial and ventricular mechanical dysfunc­
tion, and thromboembolic complications. The current 
evidence indicates that the overall prevalence of AF is 
in the range of 1%-2% of the general population[3]. Its 
prevalence is expected to double in the next 50 years 
as a consequence of prolongation of life[4]. Significant 
interest has been directed to risk factors predicting 
the progression of paroxysmal to permanent AF. The 
knowledge of these risk factors may not only delay AF 
progression, but also reduce the arrhythmia burden 
in patients with first detected AF. The present review 
highlights on conventional and novel risk factors of deve­
lopment and progression of AF.

DEFINITION OF AF
The American College of Cardiology, the American Heart 
Association, the Asia Pacific Heart Rhythm Society, the 
European Cardiac Arrhythmia Society, the European 
Heart Rhythm Association, the Society of Thoracic 
Surgeons, and the Heart Rhythm Society classified AF 
as paroxysmal, persistent, longstanding persistent and 

permanent AF[5]. Paroxysmal AF is defined as recurrent 
AF (2 episodes) that terminates spontaneously within 
7 d. Episodes of AF of 48 h duration that are terminated 
with electrical or pharmacologic cardioversion should also 
be classified as paroxysmal AF episodes. Persistent AF is 
defined as continuous AF that is sustained beyond 7 d. 
Episodes of AF in which a decision is made to electrically 
or pharmacologically cardiovert the patient after 48 h of 
AF, but prior to 7 d, should also be classified as persistent 
AF episodes. Longstanding persistent AF is defined 
as continuous AF of greater than 12 mo duration. The 
term permanent AF is not appropriate in the context of 
patients undergoing catheter or surgical ablation of AF, 
as it refers to a group of patients for which a decision has 
been made not to restore or maintain sinus rhythm by 
any means, including catheter or surgical ablation. If a 
patient previously classified as having permanent AF is to 
undergo catheter or surgical ablation, the AF should be 
reclassified. 

CONVENTIONAL AND NOVEL RISK 
FACTORS OF AF DEVELOPMENT AND 
PROGRESSION 
The development and progression from paroxysmal to 
persistent and longstanding persistent AF has many risk 
factors[6]. Several conventional and novel risk factors 
have been proposed (table 1).

AF begets AF
The most important predictor of AF progression is possibly 
AF itself[7]. At an early stage, AF determines an atrial 
electrophysiological, mechanical and structural atrial 
remodeling by shortening, mismatching and lengthen­
ing the atrial effective refractory periods (increase of 
dispersion) and by the depression of intra-atrial conduction 
and the loss of contractile function. The electrical, 
mechanical and structural remodeling determines the 
perpetuation of AF and the progression from paroxysmal 
to persistent and permanent forms. The longer one waits 
to initiate a rhythm treatment strategy, the more difficult 
it is to regain sinus rhythm. Dittrich et al[8] showed that 
patients who converted to sinus rhythm within 3 mo of 
onset of AF were more likely to maintain sinus rhythm 
at 6 mo than patients who converted more than 12 mo 
after onset of AF (67% vs 27%). By shortening the 
atrial refractory period, reducing conduction velocity 
and provoking contractile and structural remodeling, AF 
provokes AF[9].

Valvular heart disease
Almost any valvular lesion that leads to significant 
stenosis or regurgitation is associated with the develop­
ment of AF. In patients with degenerative mitral regurgita­
tion in sinus rhythm at diagnosis, the incidence of AF 
occurring under conservative management is high and 
similar whether the cause of mitral regurgitation is flail 
leaflet or simple mitral valve prolapse. After onset of AF, 
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an increased cardiac mortality and morbidity are both 
observed under conservative management[10]. Rheumatic 
heart disease is now uncommon in developed countries. 
It is, however, associated with high prevalence of AF. 
The highest frequency of AF in rheumatic heart disease 
occurs in those with mitral stenosis, mitral regurgitation, 
and tricuspid regurgitation in combination. AF, while 
occurring in 29% of patients with isolated mitral stenosis 
and in 16% with isolated mitral regurgitation, is an 
infrequent finding (1%) in patients with aortic valvular 
disease[11]. In addition, John et al[12] compared patients 
with mitral stenosis with 24 control patients. Patients with 
mitral stenosis showed, not only left atrial enlargement, 
but also a significantly reduced biatrial voltage (left 
atrium 1.8 + 0.6 mV vs 3.6 + 0.6 mV, right atrium 1.9 + 
0.6 mV vs 3.3 + 0.5 mV), reduced conduction velocity, 
and prolonged effective refractory periods. These 
abnormalities may clearly play a role in the increased 
propensity to AF in patients with mitral stenosis.

Hypertensive heart disease 
The association between hypertension and AF is well 
established. A history of hypertension increases 1.42-fold 
the risk of developing AF[13]. Although the increase in 
risk is relatively modest (relative risk, 1.2-1.5), the high 
prevalence of hypertension in the general population 
renders it the most significant population-attributable 
risk factor for AF beyond age and sex. It is observed that 
hypertension is responsible for 14% of all cases of AF[14]. 
Although overt systolic hypertension is strongly related 
with the progression of AF, recent studies demonstrated 

that systolic blood pressure in the prehypertensive range 
(130-139 mmHg) and widened pulse pressure are also 
associated with increased incidence of AF[15,16]. Mean 
arterial pressure does not seem to be related with AF.

Coronary artery disease
AF occurs transiently in 6%-10% of patients with 
acute myocardial infarction, presumably due to atrial 
ischemia or atrial stretching secondrary to HF[17]. These 
patients have a worse prognosis that is mostly due to 
comorbidities such as older age and HF. The Coronary 
Artery Surgical study which included 18000 patients 
showed that the incidence of AF is much lower (0.6%) 
in patients with chronic stable coronary artery disease 
(CAD)[16]. These patients probably had chronic AF; the 
prevalence of paroxysmal AF may be higher. AF was an 
independent predictor of increased mortality in patients 
with stable CAD[18]. Coronary artery disease can promote 
AF via multiple mechanisms. Myocardial infarction often 
causes substantial left ventricular dysfunction and HF 
predisposing to AF. Acute atrial ischemia/injury promotes 
AF by causing important atrial conduction disturbances, 
likely related to impaired cell-to-cell coupling[19]. Healed 
atrial infarctions and persistent ischemia enhances 
AF by causing Ca2+ - handling abnormalities, resulting 
in delayed afterdepolarizations and triggered activity 
resulting in ectopic firing, along with structural remo­
deling and reentry[20]. Chronic atrial coronary artery 
occlusion in conjunction with autonomic activity promotes 
ectopic firing and AF.

Age and sex
Aging is accompanied by atrial structural remodeling 
associated with substantial conduction abnormalities[21]. 
Gaborit et al[22] showed that men have greater expression 
of important repolarizing ion channel subunits, which 
could enhance atrial repolarization, shorten atrial refractor­
iness, and favor reentry. Moreover, men have greater left 
atrial dimensions that could promote AF maintenance[23].

Diabetes mellitus
Diabetes mellitus is an independent determinant of AF 
prevalence but predicted incidence only among women[24]. 
Over a mean follow-up of 7.2 years, diabetic patients 
without AF at baseline developed AF at an age/sex-
adjusted rate of 9.1/1000 person-years, compared with 
6.6/1000 person years among non-diabetic patients. 
Diabetes mellitus was associated with 26% increased risk 
of AF among women, but diabetes was not a statistically 
significant factor among men. Diabetes mellitus elicits AF 
via both structural remodeling, mediated by advanced 
glycosylation end products[25] and autonomic nervous 
system remodeling[26].

HF
AF and HF often occur together and each may predis­
pose to the other. There is continuing controversy as to 
whether HF is merely a common coexisting condition 
among patients with AF or whether it is a true causative 

Well-established risk factors
   AF (AF begets AF)
   Valvular heart disease 
   Hypertension
   Coronary artery disease
   Heart failure 
   Left atrial dilatation
   Diabetes mellitus
   Advancing age
   Sex (male)
   Congenital heart disease
   Acute pericarditis
   Hyperthyroidism
   Alcohol consumption 
Less-established risk factors
   Obstructive pulmonary disease
   Obstructive sleep apnea syndrome 
   Obesity
   Left ventricular diastolic dysfunction
   Atrial conduction delay (PR interval prolongation)
   Genetic factors
   Ethnicity
Emerging risk factors
   Chronic kidney disease
   Fibrosis
   Inflammation
   Elevated natriuretic peptides

Table 1  Conventional and novel risk factors for atrial fibrillation 
development and progression

AF: Atrial fibrillation.

Vlachos K et al . Atrial fibrillation development and progression



270 March 26, 2016|Volume 8|Issue 3|WJC|www.wjgnet.com

factor. Among patients with HF, the prevalence of AF 
is variable, depending in part upon the severity of HF. 
The association is not limited to systolic left ventricular 
dysfunction but also AF is combined with diastolic dysfunc­
tion of the left ventricle[27]. Isolated diastolic dysfunction 
is associated with an increased AF incidence, possibly 
reflecting shared risk factors such as advancing age and 
hypertension. Although the association between AF and 
HF is well established, the causative relationship between 
the two has not been fully elucidated. Probably, AF can 
cause reductions in cardiac output (because of shorter 
diastolic filling time, loss of atrial contractile function, 
and elevated filling pressures) and tachycardia-induced 
cardiomyopathy[28]. HF results in structural and electrical 
remodeling changes that predispose to AF.

Hypertrophic cardiomyopathy
AF has been reported in 10%-28% of patients with 
hypertrophic cardiomyopathy (HCM)[29]. AF is the most 
common arrhythmia in patients with HCM. Olivotto et 
al[30] evaluated 480 patients with HCM with a mean 
follow-up of 9.1 years and found the prevalence of AF 
to be 22%. More recently, a study in Japan examined 
261 patients with HCM and found that 74 (28%) 
patients had documented paroxysmal AF or permanent 
AF[31]. The high prevalence of AF in HCM is related to 
atrial dilation and remodeling in the setting of diastolic 
dysfunction, mitral regurgitation, and atrial fibrosis[30,31]. 
AF is an important prognostic indicator in patients with 
HCM, because these patients are typically at a higher 
New York Heart Association functional class and have 
a poorer outcome. This subgroup of patients with HCM 
is at an increased risk of cardiovascular morbidity and 
mortality in the form of thromboembolic events, HF, and 
sudden death[32]. In a systematic review, Kumar et al[33] 
reported that in HCM brain natriuretic peptide, left atrial 
size (left atrial volume measured with cardiac magnetic 
resonance), higher left atrial mean extent of late gado­
linium enhancement in cardiac magnetic resonance, left 
ventricular myocardial fibrosis determined by delayed 
contrast enhancement, sleep apnea, longer P-wave 
duration, genetic factors, and ischemia are associated 
with AF progression.

Dilated cardiomyopathy
AF is common in patients with dilated cardiomyopathy 
(DCM). Epidemiologic studies have shown that 30%-40% 
of patients with left ventricular dysfunction and systolic 
HF from any cause will develop AF during the course of 
their disease, and AF has been associated with increased 
morbidity and mortality[34-36]. In experimental subjects, 
the increased incident of AF is associated with atrial 
structural abnormalities, with increased atrial fibrosis 
associated with slowing conduction of velocity and con­
duction heterogeneity[37]. In humans, Sanders et al[38] 
also showed that AF in patients with left ventricular 
dysfunction is associated with widespread areas of low 
voltage and electrical silence consistent with scar, and 
with regional atrial conduction slowing with prolongation 

of the P-wave duration, in addition to altered sinus node 
function. Pulmonary veins are responsible for arrhythmia 
initiation[39]. Atrial electrical and structural remodeling 
outside the pulmonary veins is the substrate of main­
tenance of persistent AF. Rotors, or high-frequency 
sources within the atrium, have been recently proposed 
as mechanisms for both initiation and maintenance of 
persistent AF[40].

Peripartum cardiomyopathy 
In 2007, the European Society of Cardiology working 
group on myocardial and pericardial diseases redefined 
cardiomyopathies including peripartum cardiomyopathy 
(PPCM), which it is defined as a form of DCM that presents 
with signs of cardiac failure during the last month of 
pregnancy or within 5 mo of delivery[41]. Limited data 
regarding the association of PPCM and AF exist in the 
literature. Biteker et al[42] studied 42 women with PPCM. 
Five of them (11.9%) had AF and AF had no apparent 
effect on survival or recovery of left ventricular function. 
Kane et al[43] examined 33 women with PPCM and 1 
(3%) of them had AF. Finally, Isezuo and Abubakar[44] 
showed that 2 out of 65 women (3.1%) developed AF 
strengthening the observation that PPCM is associated 
with AF.

Chronic kidney disease 
AF is more prevalent in patients with chronic renal dys­
function (CRD). AF risk increases with severity of kidney 
dysfunction (HR of 1.3-1.6 and 1.6-3.2 with an estimated 
glomerular filtration rate of 30-59 and < 30 mL/min per 
1.73 m2, respectively, vs estimated glomerular filtration 
rate ≥ 60 mL/min per 1.73 m2)[45]. These two entities 
(AF and CRD) share common associated factors such as 
coronary heart disease, HF, hypertension, left ventricular 
hypertrophy and systemic inflammation. In addition, 
macroalbuminuria and microalbuminuria were significantly 
associated with higher AF risk. 

Sleep apnea and obesity
Accumulating data have demonstrated a clear and 
significant association between obstructive sleep apnea 
(OSA) and AF[46,47]. The occurrence of AF in 400 middle-
aged patients who had moderate or severe OSA (apnea-
hypopnea index ≥ 25) was more than 3%. Further
more, twelve of the study patients who underwent 
tracheostomy, bypassing the obstructed airway, had 
complete elimination of AF up to 6 mo later, something 
that clearly shows the straight correlation between AF 
and OSA[46]. In the largest registry until now, Gami 
et al[47] showed that OSA and AF were significantly 
associated. Body mass index and the decrease in noc­
turnal oxygen saturation were independent predictors 
of AF. This study, also, proves the correlation between 
obesity and AF. Multiple pathophysiological pathways 
link OSA with AF. Increased left atrial size, hypertension 
and diastolic dysfunction may coexist in OSA and AF[48]. 
AF probably occurs as a complex interaction of several 
hemodynamic and sympathetic consequences of OSA. 
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These include autonomic dysregulation[49], elevated 
sympathetic tone, oxidative stresses, endothelial dys­
function, and left atrial stretch[50]. OSA is associated with 
systemic inflammation, increased levels of C-reactive 
protein (CRP), serum amyloid A, and interleukins[51]. 
These observations makes us believe that OSA and AF 
share common pathways, which contribute to atrial 
fibrosis and structural and electrical remodeling. Finally, 
Al Chekakie et al[52] showed that central obesity and 
pericardial fat is associated with AF. Pericardial adipose 
tissue contributes to inflammation and progression to 
AF. Patients with paroxysmal AF had significantly greater 
pericardial fat volume on average than patients in sinus 
rhythm (93.9 mL vs 76.1 mL) and the persistent AF 
patients had a significantly larger volume of pericardial 
fat volume on average than the paroxysmal AF patients 
(115.4 mL vs 93.9 mL).

Congenital heart disease
AF has been reported in approximately 20% of adults 
with an arial septal defect[53]. AF and atrial flutter also 
occurs in other forms of congenital heart disease that 
affect the atria, including Ebstein’s anomaly[54] and 
patent ductus arteriosus[55], and after surgical correction 
of some other abnormalities, including ventricular septal 
defect, tetralogy of Fallot, pulmonary valve stenosis, 
and transposition of the great vessels.

Hyperthyroidism
Patients with hyperthyroidism have an increased risk 
of AF progression[56]. Frost et al[57] showed that among 
40628 patients with clinical hyperthyroidism, 8.3% 
had ΑF or atrial flutter. Increased beta adrenergic tone 
play a crucial role for the development of AF in hyper­
thyroidism, often combined with rapid ventricular 
response. Furthermore, hyperthyroidism increases the 
likelihood of AF in experimental models, even in the 
presence of beta receptor and vagal blockade[58]. The 
pathophysiology remains unknown, but may be related 
to an increased automaticity and enhanced triggered 
activity of pulmonary vein cardiomyocytes[59]. The risk 
for development of AF is also increased in patients with 
subclinical hyperthyroidism[60,61]. It remains controversial 
whether patients with AF associated with previous 
treated thyrotoxicosis are at increased risk of thrombo-
embolism, in the absence of other known risk factors[62]. 

Other clinical risk factors
AF is associated with a variety of other types of cardio­
pulmonary disease. AF is seen in 10% to 14% of 
patients with documented pulmonary embolism[63]. AF 
also occurs in chronic obstructive pulmonary disease[64], 
myocarditis[65] and acute pericarditis[66]. In addition, 
electrolytic disturbances like hypokalemia or low serum 
magnesium[67] initiates AF. Alcohol consumption con­
tributes, also, to the development of AF[68]. Finally, prior 
surgery, especially and coronary artery bypass grafting[69] 
predispose to AF.

CLINICAL RISK SCORES FOR 
PREDICTION OF AF DEVELOPMENT AND 
PROGRESSION
The HATCH score [hypertension - age (75 years and 
older) - transient ischemic attack or stroke (2 points) - 
chronic obstructive pulmonary disease - HF (2 points)] 
allows an instant classification of the risk of progression to 
persistent or permanent AF in patients with paroxysmal 
AF[70]. de Vos et al[70] showed that nearly 50% of the 
patients with a HATCH score more than 5 progressed 
persistent AF, compared with only 6% of the patients 
with a HATCH score of 0. Malik et al[71] described LADS 
score [left atrial diameter (0-2 points), age (0-2 points), 
diagnosis of stroke (0-1 point), and smoking status 
currently (0-1 point)], a 6-point scoring system. A score 
of 4 or greater was associated with a sensitivity of 85.5% 
and a specificity of 53.1% for progression AF. CHADS2 
score [one point each for age > 75 years, hypertension, 
diabetes and HF or low ejection fraction, and two points 
for history of prior stroke or transient ischemic attack 
(TIA)] and CHA2DS2-VASc score [congestive HF (1 
point), hypertension (1 point), diabetes mellitus (1 
point), history of stroke, TIA or thromboembolism (2 
points), vascular disease (history of myocardial infarction, 
peripheral vascular disease or aortic atherosclerosis) (1 
point), age 65-74 years old (1 point), age > 75 years 
old (2 points), sex male (0 points), female (1 point)] 
has been shown to be associated with post-ablation AF 
recurrences[5]. Letsas et al[72] examined 126 patients with 
symptomatic paroxysmal AF who underwent left atrial 
ablation. Over 16 mo, 89 patients were recurrence-free 
(70.6%). In the multivariate analysis, both CHADS2 and 
CHA2DS2-VASc score were independently associated 
with AF recurrence. Cut-off analysis showed that a 
score ≥ 2 for both CHADS2 and CHA2DS2-VASc scores 
showed the highest predictive value for AF recurrence.

BIOMARKERS FOR PREDICTION OF AF 
DEVELOPMENT AND PROGRESSION
Several biomarkers have been proposed as predictors 
of occurrence and progression of AF. Bruins et al[73] were 
the first to propose a direct link between inflammation 
and AF by observing an increased frequency of AF after 
coronary artery bypass surgery, where AF occurred 
on the second and third postoperative day coinciding 
with the peak elevation of CRP. CRP is an acute phase 
protein, which is directly related to inflammation. Raised 
levels of CRP have been noted to be higher among 
patients with AF when compared with patients in sinus 
rhythm[74]. Persistent AF patients have a higher CRP than 
paroxysmal AF patients, and both groups have a higher 
CRP than controls. Furthermore, CRP is considered as a 
significant predictor of early AF relapse after successful 
cardioversion, even after adjustment for multiple risk 
factors, such as hypertension and coronary artery 
disease[75]. Microalbuminuria combined with an elevated 
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CRP raises fourfold the risk of AF[76]. Korantzopoulos 
et al[77] presented data from a study of 30 AF patients 
undergoing cardioversion. Patients with arrhythmia 
relapse exhibited an increase in fibrinogen levels 
compared with those who remained in sinus rhythm. In 
addition, there was a trend to reduced CRP levels among 
those patients who were successfully cardioverted 
compared with those who relapsed. IL-6 plays a key role 
in inflammation and to the progression of AF. Gaudino 
et al[78] showed that a 174G/C polymorphism of the 
promoter of the IL-6 gene appears to influence the 
development of postoperative AF supporting the role 
of inflammation in the development of postoperative 
AF. The importance of troponin, as a biomarker, in an 
AF population was first described in a substudy of RELY 
trial[79]. The results indicated that troponin Ⅰ levels ≥ 
0.01 mg/L were seen in 55% of the 6189 patients with 
AF and at least one risk factor for stroke. Troponin was 
significantly and independently associated with increased 
risk of stroke, systemic embolism and cardiovascular 
death. These results were in concordance with the 
ARISTOTLE biomarker study where 14892 patients 
with AF were treated either with apixaban or warfarin 
in order to reduce the risk of stroke[80]. The ARISTOTLE 
troponin substudy results proved that the troponin levels 
were related to the risk of thrombo-embolic events 
and cardiovascular death. Other biomarkers which are 
increased in wall tension such as volume or pressure 
overload and are related with AF is B-type natriuretic 
peptide (BNP) and N-terminal fragment (NT-proBNP). 
Ellinor et al[81] first described that patients with AF 
had elevated levels of natriuretic peptides compared 
with matched controls in sinus rhythm. The levels of 
natriuretic peptides fall rapidly following restoration of 
sinus rhythm[82]. Patton et al[83] recently reported that 
elevated NT-proBNP levels predict an increased risk of 
development of AF independent of other risk factors 
including echocardiographic parameters. In addition, a 
substudy of the RELY trial showed that the level of NT-
proBNP was associated with the risk of thrombo-embolic 
events and cardiovascular mortality[79]. Plasma D-dimer 
is a marker of fibrin turnover, and is used as an index 
of thrombogenesis. A substudy of the ARISTOTLE trial 
showed that D-dimer levels were a predictor of stroke, 
mortality and major bleeding[84]. 

IMAGING FOR PREDICTION OF AF 
DEVELOPMENT ANA PROGRESSION
Echocardiographic parameters
Left atrial size is a well-known predictor of AF deve­
lopment. A left atrial size greater than 4 cm has been 
associated with a significantly higher AF recurrence 
rate[85]. The left atrial volume measured by transthoracic 
echocardiography is possibly superior to left atrial 
diameter in predicting progression to persistent AF[86]. Li 
et al[87] reported that the E/e’ index (E, early transmitral 
flow velocity; e’, early diastolic mitral annular velocity), an 

index of diastolic dysfunction, was the best independent 
predictor of AF recurrence after catheter ablation. E/e’ 
> 11.2 before ablation has been associated with AF 
recurrence. Shaikh et al[88] showed that speckle left atrial 
strain and stiffness index can predict the possibility of 
maintenance in sinus rhythm after cardioversion for AF. 
Changes in longitudinal left atrial strain (peak systolic 
longitudinal strain) after cardioversion were significantly 
higher among individuals who remained in sinus rhythm 
when compared to individuals with recurrent AF[88].

Magnetic resonance imaging and voltage mapping
Late gadolinium enhancement-magnetic resonance imag­
ing (LGE-MRI) allows the direct visualization of atrial 
arrhythmic substrate. Vergara et al[89] described a new 
staging system for AF based on the amount of left atrial 
enhancement on LGE-MRI, the Utah score (Utah Ⅰ ≤ 5%, 
Utah Ⅱ > 5%-20%, Utah Ⅲ > 20%-35%, and Utah Ⅳ 
> 35%). On the basis of patient stage, a more tailored 
approach to AF management can be taken. Patients with 
a previous stroke had a significantly higher percentage 
of left atrial fibrosis compared with those without (24.4% 
± 12.4% vs 16.1% ± 9.8%, P ≤ 0.001). There was a 
significant difference in the rate of thromboembolism 
between patients with stage Ⅰ and those with stage Ⅳ 
of atrial remodeling as assessed by LGE-MRI. In addition 
patients with CHADS2 score ≥ 2 had higher amounts of 
left atrial fibrosis. The DECAAF study showed that left 
atrial fibrosis contributes to the progression of AF. The 
more fibrosis there is, the more likely the arrhythmia 
will persist following ablation[90]. Atrial fibrosis estimated 
by LGE-MRI in 260 AF patients, including 65% with 
paroxysmal AF, was a significant predictor of recurrence. 
Each 1% increase in fibrosis was associated with a 6% 
increased risk of recurrence. Fibrosis was categorized as 
stage 1 (< 10% of the atrial wall), 2 (≥ 10%-< 20%), 
3 (≥ 20%-< 30%), and 4 (≥ 30%). At one year, 88% 
of patients with stage 1 fibrosis were free of AF. For 
those with stage 2, 3, or 4 fibrosis, 69%, 55%, and 
45% were free of recurrence at one year, respectively. 
At 475 d, 86%, 64%, 51%, and 35% of those with 
stage 1, 2, 3, and 4 fibrosis were free of AF, respectively. 
Electroanatomic bipolar voltage mapping has proved to 
have great correlation with DE-MRI. Jadidi et al[91] have 
demonstrated bipolar voltages of 0.63 ± 0.8 in dense 
DE-CMRI areas, compared with 0.86 ± 0.89 in non DE-
MRI areas. Moreover, Spragg et al[92] have demonstrated 
that the mean atrial voltage in areas identified as scar by 
DE-MRI was 0.39 ± 0.61 mV, while in areas identified as 
normal by DE-CMRI was 1.38 ± 1.23 mV.

There is now increasing evidence that even in patients 
with so-called lone or idiopathic AF, the AF is an arrhy­
thmic manifestation of a structural atrial disease which 
has recently been defined and described as fibrotic 
atrial cardiomyopathy (FACM). Different expressions 
can be found from mild (FACM Ⅰ), moderate (FACM 
Ⅱ) to excessive fibrosis (FACM Ⅲ), and wide clinical 
variations from asymptomatic to multiple arrhythmic 
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manifestations (including AF, left and/or right atrial 
re-entrant tachycardia, sinus, and/or atrioventricular 
node disease)[93]. Fibrosis results from a broad range of 
factors related to AF inducing pathologies such as cell 
stretch, neurohumoral activation, oxidative stress, and 
possibly even AF itself[94]. Stiles et al[95] investigated 25 
patients with “lone” AF, during an electrophysiological 
study after at least 7 d in sinus rhythm, and found slower 
conduction velocity, longer effective refractory periods, 
and significantly lower voltages (left atrium 1.7 + 0.7 
mV vs 3.3 + 0.7 mV, right atrium 1.7 + 0.4 mV vs 2.9 + 
0.4 mV) compared with control patients without AF. These 
findings confirm a substantial chronic structural biatrial 
substrate since the electrical remodelling is reversible 
within a few days. It might be that not all patients with 
paroxysmal “lone” AF have an underdetected chronic 
substrate, but many more than assumed. The debate is 
whether the fibrosis is causative or merely a result of AF. 
Several data suggest that fibrosis is causative and that 
AF-induced fibrosis may be part of the vicious cycle. In 
animal models, reversal or prevention of fibrosis prevents 
AF[96]. Furthermore, AF substrate in the absence of any 
cellular electrophysiological abnormalities has been 
demonstrated in a transgenic mouse model of isolated 
atrial fibrosis[97]. 

CONCLUSION
AF is a progressive disease associated with increased 
morbidity and mortality. Prevention of arrhythmia 
progression is therefore of paramount importance. 
An intense rhythm control strategy may be the first 
step towards this direction (sinus rhythm begets sinus 
rhythm). The modification of common risk factors of AF 
development and progression such as hypertension, 
obesity, and sleep apnoea should be additionally 
considered. Emerging risk factors such as inflammation 
and fibrosis will guide the therapeutic approach of AF in 
the future.

REFERENCES
1	 Lip GY, Tse HF, Lane DA. Atrial fibrillation. Lancet 2012; 379: 

648-661 [PMID: 22166900 DOI: 10.1016/S0140-6736(11)61514-6]
2	 Kannel WB, Abbott RD, Savage DD, McNamara PM. Epide

miologic features of chronic atrial fibrillation: the Framingham 
study. N Engl J Med 1982; 306: 1018-1022 [PMID: 7062992 DOI: 
10.1056/NEJM198204293061703]

3	 Piccini JP, Hammill BG, Sinner MF, Jensen PN, Hernandez AF, 
Heckbert SR, Benjamin EJ, Curtis LH. Incidence and prevalence 
of atrial fibrillation and associated mortality among Medicare 
beneficiaries, 1993-2007. Circ Cardiovasc Qual Outcomes 
2012; 5: 85-93 [PMID: 22235070 DOI: 10.1161/CIRCOUT 
COMES.111.962688]

4	 Disertori M, Lombardi F, Barlera S, Maggioni AP, Favero C, 
Franzosi MG, Lucci D, Staszewsky L, Fabbri G, Quintarelli S, 
Bianconi L, Latini R. Clinical characteristics of patients with 
asymptomatic recurrences of atrial fibrillation in the Gruppo 
Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico-
Atrial Fibrillation (GISSI-AF) trial. Am Heart J 2011; 162: 
382-389 [PMID: 21835301 DOI: 10.1016/j.ahj.2011.05.008]

5	 Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen 

SA, Crijns HJ, Damiano RJ Jr, Davies DW, DiMarco J, Edgerton 
J, Ellenbogen K, Ezekowitz MD, Haines DE, Haissaguerre M, 
Hindricks G, Iesaka Y, Jackman W, Jalife J, Jais P, Kalman J, 
Keane D, Kim YH, Kirchhof P, Klein G, Kottkamp H, Kumagai K, 
Lindsay BD, Mansour M, Marchlinski FE, McCarthy PM, Mont 
JL, Morady F, Nademanee K, Nakagawa H, Natale A, Nattel S, 
Packer DL, Pappone C, Prystowsky E, Raviele A, Reddy V, Ruskin 
JN, Shemin RJ, Tsao HM, Wilber D; Heart Rhythm Society Task 
Force on Catheter and Surgical Ablation of Atrial Fibrillation. 
2012 HRS/EHRA/ECAS expert consensus statement on catheter 
and surgical ablation of atrial fibrillation: recommendations for 
patient selection, procedural techniques, patient management 
and follow-up, definitions, endpoints, and research trial design: 
a report of the Heart Rhythm Society (HRS) Task Force on 
Catheter and Surgical Ablation of Atrial Fibrillation. Developed in 
partnership with the European Heart Rhythm Association (EHRA), 
a registered branch of the European Society of Cardiology (ESC) 
and the European Cardiac Arrhythmia Society (ECAS); and in 
collaboration with the American College of Cardiology (ACC), 
American Heart Association (AHA), the Asia Pacific Heart 
Rhythm Society (APHRS), and the Society of Thoracic Surgeons 
(STS). Endorsed by the governing bodies of the American College 
of Cardiology Foundation, the American Heart Association, the 
European Cardiac Arrhythmia Society, the European Heart Rhythm 
Association, the Society of Thoracic Surgeons, the Asia Pacific 
Heart Rhythm Society, and the Heart Rhythm Society. Heart 
Rhythm 2012; 9: 632-696.e21 [PMID: 22386883 DOI: 10.1016/
j.hrthm.2011.12.016]

6	 Wyse DG, Van Gelder IC, Ellinor PT, Go AS, Kalman JM, 
Narayan SM, Nattel S, Schotten U, Rienstra M. Lone atrial 
fibrillation: does it exist? J Am Coll Cardiol 2014; 63: 1715-1723 
[PMID: 24530673 DOI: 10.1016/j.jacc.2014.01.023]

7	 Lu Z, Scherlag BJ, Lin J, Niu G, Fung KM, Zhao L, Ghias M, 
Jackman WM, Lazzara R, Jiang H, Po SS. Atrial fibrillation 
begets atrial fibrillation: autonomic mechanism for atrial electrical 
remodeling induced by short-term rapid atrial pacing. Circ 
Arrhythm Electrophysiol 2008; 1: 184-192 [PMID: 19808412 DOI: 
10.1161/CIRCEP.108.784272]

8	 Dittrich HC, Erickson JS, Schneiderman T, Blacky AR, Savides T, 
Nicod PH. Echocardiographic and clinical predictors for outcome of 
elective cardioversion of atrial fibrillation. Am J Cardiol 1989; 63: 
193-197 [PMID: 2909999 DOI: 10.1016/0002-9149(89)90284-1]

9	 Van Gelder IC, Hemels ME. The progressive nature of atrial 
fibrillation: a rationale for early restoration and maintenance of 
sinus rhythm. Europace 2006; 8: 943-949 [PMID: 16973685 DOI: 
10.1093/europace/eul107]

10	 Grigioni F, Avierinos JF, Ling LH, Scott CG, Bailey KR, Tajik 
AJ, Frye RL, Enriquez-Sarano M. Atrial fibrillation complicating 
the course of degenerative mitral regurgitation: determinants and 
long-term outcome. J Am Coll Cardiol 2002; 40: 84-92 [PMID: 
12103260 DOI: 10.1016/S0735-1097(02)01922-8]

11	 Diker E, Aydogdu S, Ozdemir M, Kural T, Polat K, Cehreli S, 
Erdogan A, Göksel S. Prevalence and predictors of atrial fibrillation 
in rheumatic valvular heart disease. Am J Cardiol 1996; 77: 96-98 
[PMID: 8540469 DOI: 10.1016/S0002-9149(97)89145-X]

12	 John B, Stiles MK, Kuklik P, Chandy ST, Young GD, Mackenzie 
L, Szumowski L, Joseph G, Jose J, Worthley SG, Kalman JM, 
Sanders P. Electrical remodelling of the left and right atria due to 
rheumatic mitral stenosis. Eur Heart J 2008; 29: 2234-2243 [PMID: 
18621772 DOI: 10.1093/eurheartj/ehn329] 

13	 Krahn AD, Manfreda J, Tate RB, Mathewson FA, Cuddy TE. The 
natural history of atrial fibrillation: incidence, risk factors, and 
prognosis in the Manitoba Follow-Up Study. Am J Med 1995; 98: 
476-484 [PMID: 7733127 DOI: 10.1016/S0002-9343(99)80348-9] 

14	 Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, incidence, 
prognosis, and predisposing conditions for atrial fibrillation: 
population-based estimates. Am J Cardiol 1998; 82: 2N-9N [PMID: 
9809895]

15	 Conen D, Tedrow UB, Koplan BA, Glynn RJ, Buring JE, Albert 

Vlachos K et al . Atrial fibrillation development and progression



274 March 26, 2016|Volume 8|Issue 3|WJC|www.wjgnet.com

CM. Influence of systolic and diastolic blood pressure on the 
risk of incident atrial fibrillation in women. Circulation 2009; 
119: 2146-2152 [PMID: 19364977 DOI: 10.1161/CIRCULA 
TIONAHA.108.830042]

16	 Mitchell GF, Vasan RS, Keyes MJ, Parise H, Wang TJ, Larson 
MG, D’Agostino RB, Kannel WB, Levy D, Benjamin EJ. Pulse 
pressure and risk of new-onset atrial fibrillation. JAMA 2007; 297: 
709-715 [PMID: 17312290 DOI: 10.1001/jama.297.7.709]

17	 Crenshaw BS, Ward SR, Granger CB, Stebbins AL, Topol EJ, 
Califf RM. Atrial fibrillation in the setting of acute myocardial 
infarction: the GUSTO-I experience. Global Utilization of 
Streptokinase and TPA for Occluded Coronary Arteries. J Am 
Coll Cardiol 1997; 30: 406-413 [PMID: 9247512 DOI: 10.1016/
S0735-1097(97)00194-0] 

18	 Cameron A, Schwartz MJ, Kronmal RA, Kosinski AS. Prevalence 
and significance of atrial fibrillation in coronary artery disease 
(CASS Registry). Am J Cardiol 1988; 61: 714-717 [PMID: 
3258467 DOI: 10.1016/0002-9149(88)91053-3] 

19	 Sinno H, Derakhchan K, Libersan D, Merhi Y, Leung TK, Nattel 
S. Atrial ischemia promotes atrial fibrillation in dogs. Circulation 
2003; 107: 1930-1936 [PMID: 12668526 DOI: 10.1161/01.CIR.00
00058743.15215.03] 

20	 Nishida K, Qi XY, Wakili R, Comtois P, Chartier D, Harada M, 
Iwasaki YK, Romeo P, Maguy A, Dobrev D, Michael G, Talajic 
M, Nattel S. Mechanisms of atrial tachyarrhythmias associated 
with coronary artery occlusion in a chronic canine model. 
Circulation 2011; 123: 137-146 [PMID: 21200008 DOI: 10.1161/
CIRCULATIONAHA.110.972778] 

21	 Wakili R, Voigt N, Kääb S, Dobrev D, Nattel S. Recent advances 
in the molecular pathophysiology of atrial fibrillation. J Clin Invest 
2011; 121: 2955-2968 [PMID: 21804195 DOI: 10.1172/JCI46315] 

22	 Gaborit N, Varro A, Le Bouter S, Szuts V, Escande D, Nattel S, 
Demolombe S. Gender-related differences in ion-channel and 
transporter subunit expression in non-diseased human hearts. J Mol 
Cell Cardiol 2010; 49: 639-646 [PMID: 20600101 DOI: 10.1016/
j.yjmcc.2010.06.005] 

23	 Liu XK, Jahangir A, Terzic A, Gersh BJ, Hammill SC, Shen 
WK. Age- and sex-related atrial electrophysiologic and structural 
changes. Am J Cardiol 2004; 94: 373-375 [PMID: 15276110 DOI: 
10.1016/j.amjcard.2004.04.040]

24	 Nichols GA, Reinier K, Chugh SS. Independent contribution of 
diabetes to increased prevalence and incidence of atrial fibrillation. 
Diabetes Care 2009; 32: 1851-1856 [PMID: 19794003 DOI: 
10.2337/dc09-0939] 

25	 Kato T, Yamashita T, Sekiguchi A, Tsuneda T, Sagara K, Takamura 
M, Kaneko S, Aizawa T, Fu LT. AGEs-RAGE system mediates 
atrial structural remodeling in the diabetic rat. J Cardiovasc 
Electrophysiol 2008; 19: 415-420 [PMID: 18298515 DOI: 10.1111/
j.1540-8167.2007.01037.x] 

26	 Otake H, Suzuki H, Honda T, Maruyama Y. Influences of 
autonomic nervous system on atrial arrhythmogenic substrates 
and the incidence of atrial fibrillation in diabetic heart. Int Heart J 
2009; 50: 627-641 [PMID: 19809211 DOI: 10.1536/ihj.50.627] 

27	 Tsang TS, Gersh BJ, Appleton CP, Tajik AJ, Barnes ME, 
Bailey KR, Oh JK, Leibson C, Montgomery SC, Seward JB. 
Left ventricular diastolic dysfunction as a predictor of the first 
diagnosed nonvalvular atrial fibrillation in 840 elderly men and 
women. J Am Coll Cardiol 2002; 40: 1636-1644 [PMID: 12427417 
DOI: 10.1016/S0735-1097(02)02373-2] 

28	 Houmsse M, Tyler J, Kalbfleisch S. Supraventricular tachycardia 
causing heart failure. Curr Opin Cardiol 2011; 26: 261-269 [PMID: 
21460716 DOI: 10.1097/HCO.0b013e328345b010] 

29	 Cecchi F, Olivotto I, Montereggi A, Santoro G, Dolara A, Maron 
BJ. Hypertrophic cardiomyopathy in Tuscany: clinical course and 
outcome in an unselected regional population. J Am Coll Cardiol 
1995; 26: 1529-1536 [PMID: 7594081 DOI: 10.1016/0735-1097(9
5)00353-3] 

30	 Olivotto I, Cecchi F, Casey SA, Dolara A, Traverse JH, Maron BJ. 
Impact of atrial fibrillation on the clinical course of hypertrophic 
cardiomyopathy. Circulation 2001; 104: 2517-2524 [PMID: 

11714644 DOI: 10.1161/hc4601.097997] 
31	 Kubo T, Kitaoka H, Okawa M, Hirota T, Hoshikawa E, Hayato 

K, Yamasaki N, Matsumura Y, Yabe T, Nishinaga M, Takata J, Doi 
YL. Clinical profiles of hypertrophic cardiomyopathy with apical 
phenotype--comparison of pure-apical form and distal-dominant 
form. Circ J 2009; 73: 2330-2336 [PMID: 19838003 DOI: 
10.1253/circj.CJ-09-0438] 

32	 Doi Y, Kitaoka H. Hypertrophic cardiomyopathy in the elderly: 
significance of atrial fibrillation. J Cardiol 2001; 37 Suppl 1: 
133-138 [PMID: 11433817]

33	 Kumar KR, Mandleywala SN, Link MS. Atrial and ventricular 
arrhythmias in hypertrophic cardiomyopathy. Card Electrophysiol 
Clin 2015; 7: 173-186 [PMID: 26002384 DOI: 10.1016/j.ccep. 
2015.03.002] 

34	 Stevenson WG, Stevenson LW. Atrial fibrillation in heart failure. 
N Engl J Med 1999; 341: 910-911 [PMID: 10486424 DOI: 
10.1056/NEJM199909163411209] 

35	 Middlekauff HR, Stevenson WG, Stevenson LW. Prognostic 
significance of atrial fibrillation in advanced heart failure. A study 
of 390 patients. Circulation 1991; 84: 40-48 [PMID: 2060110 DOI: 
10.1161/01.CIR.84.1.40] 

36	 Wang TJ, Evans JC, Benjamin EJ, Levy D, LeRoy EC, Vasan 
RS. Natural history of asymptomatic left ventricular systolic 
dysfunction in the community. Circulation 2003; 108: 977-982 
[PMID: 12912813 DOI: 10.1161/01.CIR.0000085166.44904.79] 

37	 Roy D, Talajic M, Nattel S, Wyse DG, Dorian P, Lee KL, Bourassa 
MG, Arnold JM, Buxton AE, Camm AJ, Connolly SJ, Dubuc M, 
Ducharme A, Guerra PG, Hohnloser SH, Lambert J, Le Heuzey 
JY, O’Hara G, Pedersen OD, Rouleau JL, Singh BN, Stevenson 
LW, Stevenson WG, Thibault B, Waldo AL; Atrial Fibrillation 
and Congestive Heart Failure Investigators. Rhythm control 
versus rate control for atrial fibrillation and heart failure. N Engl 
J Med 2008; 358: 2667-2677 [PMID: 18565859 DOI: 10.1056/
NEJMoa0708789] 

38	 Sanders P, Morton JB, Davidson NC, Spence SJ, Vohra JK, Sparks 
PB, Kalman JM. Electrical remodeling of the atria in congestive 
heart failure: electrophysiological and electroanatomic mapping 
in humans. Circulation 2003; 108: 1461-1468 [PMID: 12952837 
DOI: 10.1161/01.CIR.0000090688.49283.67] 

39	 Haïssaguerre M, Jaïs P, Shah DC, Takahashi A, Hocini M, 
Quiniou G, Garrigue S, Le Mouroux A, Le Métayer P, Clémenty 
J. Spontaneous initiation of atrial fibrillation by ectopic beats 
originating in the pulmonary veins. N Engl J Med 1998; 339: 
659-666 [PMID: 9725923 DOI: 10.1056/NEJM199809033391003] 

40	 Narayan SM, Krummen DE, Shivkumar K, Clopton P, Rappel 
WJ, Miller JM. Treatment of atrial fibrillation by the ablation of 
localized sources: CONFIRM (Conventional Ablation for Atrial 
Fibrillation With or Without Focal Impulse and Rotor Modulation) 
trial. J Am Coll Cardiol 2012; 60: 628-636 [PMID: 22818076 DOI: 
10.1016/j.jacc.2012.05.022] 

41	 Elliott P, Andersson B, Arbustini E, Bilinska Z, Cecchi F, Charron 
P, Dubourg O, Kühl U, Maisch B, McKenna WJ, Monserrat 
L, Pankuweit S, Rapezzi C, Seferovic P, Tavazzi L, Keren A. 
Classification of the cardiomyopathies: a position statement 
from the European Society Of Cardiology Working Group on 
Myocardial and Pericardial Diseases. Eur Heart J 2008; 29: 
270-276 [PMID: 17916581 DOI: 10.1093/eurheartj/ehm342]

42	 Biteker M, Ilhan E, Biteker G, Duman D, Bozkurt B. Delayed 
recovery in peripartum cardiomyopathy: an indication for long-
term follow-up and sustained therapy. Eur J Heart Fail 2012; 14: 
895-901 [PMID: 22588321 DOI: 10.1093/eurjhf/hfs070]

43	 Kane A, Mbaye M, Ndiaye MB, Diao M, Moreira PM, Mboup 
C, Diop IB, Sarr M, Kane A, Moreau JC, Ba SA. [Evolution 
and thromboembolic complications of the idiopathic peripartal 
cardiomyopathy at Dakar University Hospital: forward-looking 
study about 33 cases]. J Gynecol Obstet Biol Reprod (Paris) 2010; 
39: 484-489 [PMID: 20472372 DOI: 10.1016/j.jgyn.2010.01.008] 

44	 Isezuo SA, Abubakar SA. Epidemiologic profile of peripartum 
cardiomyopathy in a tertiary care hospital. Ethn Dis 2007; 17: 
228-233 [PMID: 17682350]

Vlachos K et al . Atrial fibrillation development and progression



275 March 26, 2016|Volume 8|Issue 3|WJC|www.wjgnet.com

45	 Watanabe H, Watanabe T, Sasaki S, Nagai K, Roden DM, Aizawa 
Y. Close bidirectional relationship between chronic kidney disease 
and atrial fibrillation: the Niigata preventive medicine study. Am 
Heart J 2009; 158: 629-636 [PMID: 19781424 DOI: 10.1016/
j.ahj.2009.06.031]

46	 Guilleminault C, Conolly SJ, Winkle RA: Cardiac arrhythmia 
and conduction disturbances during sleep in 400 patients with 
sleep apnea syndrome. Am J Cardiol 1983; 52: 490-494 [PMID: 
6193700 DOI: 10.1016/0002-9149(83)90013-9]

47	 Gami AS, Hodge DO, Herges RM, Olson EJ, Nykodym J, Kara 
T, Somers VK. Obstructive sleep apnea, obesity, and the risk of 
incident atrial fibrillation. J Am Coll Cardiol 2007; 49: 565-571 
[PMID: 17276180 DOI: 10.1016/j.jacc.2006.08.060] 

48	 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 
Izzo JL, Jones DW, Materson BJ, Oparil S, Wright JT, Roccella 
EJ. The Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure: the JNC 7 report. JAMA 2003; 289: 2560-2572 [PMID: 
12748199 DOI: 10.1001/jama.289.19.2560] 

49	 Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic 
neural mechanisms in obstructive sleep apnea. J Clin Invest 1995; 
96: 1897-1904 [PMID: 7560081 DOI: 10.1172/JCI118235] 

50	 Virolainen J, Ventilä M, Turto H, Kupari M. Effect of negative 
intrathoracic pressure on left ventricular pressure dynamics and 
relaxation. J Appl Physiol (1985) 1995; 79: 455-460 [PMID: 
7592202] 

51	 Liu T, Li G, Li L, Korantzopoulos P. Association between C-reactive 
protein and recurrence of atrial fibrillation after successful electrical 
cardioversion: a meta-analysis. J Am Coll Cardiol 2007; 49: 
1642-1648 [PMID: 17433956 DOI: 10.1016/j.jacc.2006.12.042] 

52	 Al Chekakie MO, Welles CC, Metoyer R, Ibrahim A, Shapira 
AR, Cytron J, Santucci P, Wilber DJ, Akar JG. Pericardial fat is 
independently associated with human atrial fibrillation. J Am Coll 
Cardiol 2010; 56: 784-788 [PMID: 20797492 DOI: 10.1016/
j.jacc.2010.03.071] 

53	 Tikoff G, Schmidt AM, Hecht HH. Atrial fibrillation in atrial septal 
defect. Arch Intern Med 1968; 121: 402-405 [PMID: 5645716 
DOI: 10.1001/archinte.1968.03640050012003]

54	 Stulak JM, Sharma V, Cannon BC, Ammash N, Schaff HV, 
Dearani JA. Optimal surgical ablation of atrial tachyarrhythmias 
during correction of Ebstein anomaly. Ann Thorac Surg 2015; 99: 
1700-1705; discussion 1705 [PMID: 25825196 DOI: 10.1016/j.ath
oracsur.2015.01.037]

55	 Lai YQ, Li JH, Li JW, Xu SD, Luo Y, Zhang ZG. Concomitant 
irrigated monopolar radiofrequency ablation of atrial fibrillation 
in adults with congenital heart disease. Interact Cardiovasc 
Thorac Surg 2008; 7: 80-82 [PMID: 18024493 DOI: 10.1510/
icvts.2007.165225]

56	 Woeber KA. Thyrotoxicosis and the heart. N Engl J Med 1992; 327: 
94-98 [PMID: 1603141 DOI: 10.1056/NEJM199207093270206] 

57	 Frost L, Vestergaard P, Mosekilde L. Hyperthyroidism and risk of 
atrial fibrillation or flutter: a population-based study. Arch Intern 
Med 2004; 164: 1675-1678 [PMID: 15302638 DOI: 10.1001/
archinte.164.15.1675] 

58	 Arnsdorf MF, Childers RW. Atrial electrophysiology in experi
mental hyperthyroidism in rabbits. Circ Res 1970; 26: 575-581 
[PMID: 4191904 DOI: 10.1161/01.RES.26.5.575] 

59	 Chen YC, Chen SA, Chen YJ, Chang MS, Chan P, Lin CI. Effects 
of thyroid hormone on the arrhythmogenic activity of pulmonary 
vein cardiomyocytes. J Am Coll Cardiol 2002; 39: 366-372 [PMID: 
11788233 DOI: 10.1016/S0735-1097(01)01731-4] 

60	 Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker E, Bacharach P, 
Wilson PW, Benjamin EJ, D’Agostino RB. Low serum thyrotropin 
concentrations as a risk factor for atrial fibrillation in older persons. 
N Engl J Med 1994; 331: 1249-1252 [PMID: 7935681 DOI: 
10.1056/NEJM199411103311901] 

61	 Auer J, Scheibner P, Mische T, Langsteger W, Eber O, Eber B. 
Subclinical hyperthyroidism as a risk factor for atrial fibrillation. 
Am Heart J 2001; 142: 838-842 [PMID: 11685172 DOI: 10.1067/
mhj.2001.119370] 

62	 Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst 
S, Van Gelder IC, Al-Attar N, Hindricks G, Prendergast B, 
Heidbuchel H, Alfieri O, Angelini A, Atar D, Colonna P, De 
Caterina R, De Sutter J, Goette A, Gorenek B, Heldal M, Hohloser 
SH, Kolh P, Le Heuzey JY, Ponikowski P, Rutten FH. Guidelines 
for the management of atrial fibrillation: the Task Force for the 
Management of Atrial Fibrillation of the European Society of 
Cardiology (ESC). Eur Heart J 2010; 31: 2369-2429 [PMID: 
20802247 DOI: 10.1093/eurheartj/ehq278] 

63	 Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism: 
clinical outcomes in the International Cooperative Pulmonary 
Embolism Registry (ICOPER) Lancet 1999; 353: 1386-1389 
[PMID: 10227218 DOI: 10.1016/S0140-6736(98)07534-5] 

64	 Buch P, Friberg J, Scharling H, Lange P, Prescott E. Reduced lung 
function and risk of atrial fibrillation in the Copenhagen City Heart 
Study. Eur Respir J 2003; 21: 1012-1016 [PMID: 12797497 DOI: 
10.1183/09031936.03.00051502] 

65	 Morgera T, Di Lenarda A, Dreas L, Pinamonti B, Humar F, Bussani 
R, Silvestri F, Chersevani D, Camerini F. Electrocardiography 
of myocarditis revisited: clinical and prognostic significance of 
electrocardiographic changes. Am Heart J 1992; 124: 455-467 
[PMID: 1636589 DOI: 10.1016/0002-8703(92)90613-Z] 

66	 Spodick DH. Arrhythmias during acute pericarditis. A prospective 
study of 100 consecutive cases. JAMA 1976; 235: 39-41 [PMID: 
945999 DOI: 10.1001/jama.1976.03260270025020] 

67	 Khan AM, Lubitz SA, Sullivan LM, Sun JX, Levy D, Vasan RS, 
Magnani JW, Ellinor PT, Benjamin EJ, Wang TJ. Low serum 
magnesium and the development of atrial fibrillation in the community: 
the Framingham Heart Study. Circulation 2013; 127: 33-38 [PMID: 
23172839 DOI: 10.1161/CIRCULATIONAHA.111.082511] 

68	 Larsson SC, Drca N, Wolk A. Alcohol consumption and risk of 
atrial fibrillation: a prospective study and dose-response meta-
analysis. J Am Coll Cardiol 2014; 64: 281-289 [PMID: 25034065 
DOI: 10.1016/j.jacc.2014.03.048] 

69	 Pires LA, Wagshal AB, Lancey R, Huang SK. Arrhythmias and 
conduction disturbances after coronary artery bypass graft surgery: 
epidemiology, management, and prognosis. Am Heart J 1995; 129: 
799-808 [PMID: 7900634 DOI: 10.1016/0002-8703(95)90332-1] 

70	 de Vos CB, Pisters R, Nieuwlaat R, Prins MH, Tieleman RG, 
Coelen RJ, van den Heijkant AC, Allessie MA, Crijns HJ. Pro
gression from paroxysmal to persistent atrial fibrillation clinical 
correlates and prognosis. J Am Coll Cardiol 2010; 55: 725-731 
[PMID: 20170808 DOI: 10.1016/j.jacc.2009.11.040] 

71	 Malik S, Hicks WJ, Schultz L, Penstone P, Gardner J, Katramados 
AM, Russman AN, Mitsias P, Silver B. Development of a scoring 
system for atrial fibrillation in acute stroke and transient ischemic 
attack patients: the LADS scoring system. J Neurol Sci 2011; 301: 
27-30 [PMID: 21130468 DOI: 10.1016/j.jns.2010.11.011] 

72	 Letsas KP, Efremidis M, Giannopoulos G, Deftereos S, Lioni L, 
Korantzopoulos P, Vlachos K, Xydonas S, Kossyvakis C, Sideris A. 
CHADS2 and CHA2DS2-VASc scores as predictors of left atrial 
ablation outcomes for paroxysmal atrial fibrillation. Europace 
2014; 16: 202-207 [PMID: 23813452 DOI: 10.1093/europace/
eut210] 

73	 Bruins P, te Velthuis H, Yazdanbakhsh AP, Jansen PG, van 
Hardevelt FW, de Beaumont EM, Wildevuur CR, Eijsman L, 
Trouwborst A, Hack CE. Activation of the complement system 
during and after cardiopulmonary bypass surgery: postsurgery 
activation involves C-reactive protein and is associated with 
postoperative arrhythmia. Circulation 1997; 96: 3542-3548 [PMID: 
9396453 DOI: 10.1161/01.CIR.96.10.3542] 

74	 Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, 
Carnes CA, Bauer JA, Tchou PJ, Niebauer MJ, Natale A, Van 
Wagoner DR. C-reactive protein elevation in patients with atrial 
arrhythmias: inflammatory mechanisms and persistence of atrial 
fibrillation. Circulation 2001; 104: 2886-2891 [PMID: 11739301 
DOI: 10.1161/hc4901.101760] 

75	 Conway DS, Buggins P, Hughes E, Lip GY. Predictive value of 
indexes of inflammation and hypercoagulability on success of 
cardioversion of persistent atrial fibrillation. Am J Cardiol 2004; 94: 

Vlachos K et al . Atrial fibrillation development and progression



276 March 26, 2016|Volume 8|Issue 3|WJC|www.wjgnet.com

508-510 [PMID: 15325942 DOI: 10.1016/j.amjcard.2004.04.070] 
76	 Asselbergs FW, van den Berg MP, Diercks GF, van Gilst WH, 

van Veldhuisen DJ. C-reactive protein and microalbuminuria are 
associated with atrial fibrillation. Int J Cardiol 2005; 98: 73-77 
[PMID: 15676170 DOI: 10.1016/j.ijcard.2003.12.028] 

77	 Korantzopoulos P, Kolettis TM, Kountouris E, Siogas K, 
Goudevenos JA. Variation of inflammatory indexes after electrical 
cardioversion of persistent atrial fibrillation. Is there an association 
with early recurrence rates? Int J Clin Pract 2005; 59: 881-885 
[PMID: 16033606 DOI: 10.1111/j.1368-5031.2005.00569.x] 

78	 Gaudino M, Andreotti F, Zamparelli R, Di Castelnuovo A, Nasso 
G, Burzotta F, Iacoviello L, Donati MB, Schiavello R, Maseri A, 
Possati G. The -174G/C interleukin-6 polymorphism influences 
postoperative interleukin-6 levels and postoperative atrial 
fibrillation. Is atrial fibrillation an inflammatory complication? 
Circulation 2003; 108 Suppl 1: II195-II199 [PMID: 12970232 
DOI: 10.1161/01.cir.0000087441.48566.0d] 

79	 Hijazi Z, Oldgren J, Andersson U, Connolly SJ, Ezekowitz MD, 
Hohnloser SH, Reilly PA, Vinereanu D, Siegbahn A, Yusuf S, 
Wallentin L. Cardiac biomarkers are associated with an increased 
risk of stroke and death in patients with atrial fibrillation: a 
Randomized Evaluation of Long-term Anticoagulation Therapy 
(RE-LY) substudy. Circulation 2012; 125: 1605-1616 [PMID: 
22374183 DOI: 10.1161/CIRCULATIONAHA.111.038729] 

80	 Hohnloser SH, Hijazi Z, Thomas L, Alexander JH, Amerena 
J, Hanna M, Keltai M, Lanas F, Lopes RD, Lopez-Sendon J, 
Granger CB, Wallentin L. Efficacy of apixaban when compared 
with warfarin in relation to renal function in patients with atrial 
fibrillation: insights from the ARISTOTLE trial. Eur Heart J 2012; 
33: 2821-2830 [PMID: 22933567 DOI: 10.1093/eurheartj/ehs274]  

81	 Ellinor PT, Low AF, Patton KK, Shea MA, Macrae CA. 
Discordant atrial natriuretic peptide and brain natriuretic peptide 
levels in lone atrial fibrillation. J Am Coll Cardiol 2005; 45: 82-86 
[PMID: 15629379 DOI: 10.1016/j.jacc.2004.09.045] 

82	 Jourdain P, Bellorini M, Funck F, Fulla Y, Guillard N, Loiret J, 
Thebault B, Sadeg N, Desnos M. Short-term effects of sinus rhythm 
restoration in patients with lone atrial fibrillation: a hormonal 
study. Eur J Heart Fail 2002; 4: 263-267 [PMID: 12034150 DOI: 
10.1016/S1388-9842(02)00004-1] 

83	 Patton KK, Ellinor PT, Heckbert SR, Christenson RH, DeFilippi 
C, Gottdiener JS, Kronmal RA. N-terminal pro-B-type natriuretic 
peptide is a major predictor of the development of atrial fibrillation: 
the Cardiovascular Health Study. Circulation 2009; 120: 1768-1774 
[PMID: 19841297 DOI: 10.1161/CIRCULATIONAHA.109.873265]

84	 Christersson C, Wallentin L, Andersson U, Alexander JH, Ansell 
J, De Caterina R, Gersh BJ, Granger CB, Hanna M, Horowitz JD, 
Huber K, Husted S, Hylek EM, Lopes RD, Siegbahn A. D-dimer 
and risk of thromboembolic and bleeding events in patients with 
atrial fibrillation--observations from the ARISTOTLE trial. J 
Thromb Haemost 2014; 12: 1401-1412 [PMID: 24942912 DOI: 
10.1111/jth.12638]  

85	 Okçün B, Yigit Z, Küçükoglu MS, Mutlu H, Sansoy V, Güzelsoy 
D, Uner S. Predictors for maintenance of sinus rhythm after 
cardioversion in patients with nonvalvular atrial fibrillation. 
Echocardiography 2002; 19: 351-357 [PMID: 12174197 DOI: 
10.1046/j.1540-8175.2002.00351.x]

86	 Olshansky B, Heller EN, Mitchell LB, Chandler M, Slater W, 
Green M, Brodsky M, Barrell P, Greene HL. Are transthoracic 
echocardiographic parameters associated with atrial fibrillation 
recurrence or stroke? Results from the Atrial Fibrillation Follow-
Up Investigation of Rhythm Management (AFFIRM) study. J 

Am Coll Cardiol 2005; 45: 2026-2033 [PMID: 15963405 DOI: 
10.1016/j.jacc.2005.03.020] 

87	 Li C, Ding X, Zhang J, Zhou C, Chen Y, Rao L. Does the E/e’ 
index predict the maintenance of sinus rhythm after catheter 
ablation of atrial fibrillation? Echocardiography 2010; 27: 630-636 
[PMID: 20412266 DOI: 10.1111/j.1540-8175.2009.01123] 

88	 Shaikh AY, Maan A, Khan UA, Aurigemma GP, Hill JC, Kane 
JL, Tighe DA, Mick E, McManus DD. Speckle echocardiographic 
left atrial strain and stiffness index as predictors of maintenance of 
sinus rhythm after cardioversion for atrial fibrillation: a prospective 
study. Cardiovasc Ultrasound 2012; 10: 48 [PMID: 23199055 
DOI: 10.1186/1476-7120-10-48] 

89	 Vergara GR, Marrouche NF. Tailored management of atrial 
fibrillation using a LGE-MRI based model: from the clinic to the 
electrophysiology laboratory. J Cardiovasc Electrophysiol 2011; 22: 
481-487 [PMID: 21044212 DOI: 10.1111/j.1540-8167.2010.01941] 

90	 Marrouche NF, Wilber D, Hindricks G, Jais P, Akoum N, 
Marchlinski F, Kholmovski E, Burgon N, Hu N, Mont L, Deneke T, 
Duytschaever M, Neumann T, Mansour M, Mahnkopf C, Herweg 
B, Daoud E, Wissner E, Bansmann P, Brachmann J. Association 
of atrial tissue fibrosis identified by delayed enhancement MRI 
and atrial fibrillation catheter ablation: the DECAAF study. JAMA 
2014; 311: 498-506 [PMID: 24496537 DOI: 10.1001/jama.2014.3] 

91	 Jadidi AS, Cochet H, Shah AJ, Kim SJ, Duncan E, Miyazaki 
S, Sermesant M, Lehrmann H, Lederlin M, Linton N, Forclaz 
A, Nault I, Rivard L, Wright M, Liu X, Scherr D, Wilton SB, 
Roten L, Pascale P, Derval N, Sacher F, Knecht S, Keyl C, Hocini 
M, Montaudon M, Laurent F, Haïssaguerre M, Jaïs P. Inverse 
relationship between fractionated electrograms and atrial fibrosis in 
persistent atrial fibrillation: combined magnetic resonance imaging 
and high-density mapping. J Am Coll Cardiol 2013; 62: 802-812 
[PMID: 23727084 DOI: 10.1016/j.jacc.2013.03.081] 

92	 Spragg DD, Khurram I, Zimmerman SL, Yarmohammadi H, 
Barcelon B, Needleman M, Edwards D, Marine JE, Calkins H, 
Nazarian S. Initial experience with magnetic resonance imaging 
of atrial scar and co-registration with electroanatomic voltage 
mapping during atrial fibrillation: success and limitations. Heart 
Rhythm 2012; 9: 2003-2009 [PMID: 23000671 DOI: 10.1016/
j.hrthm.2012.08.039] 

93	 Kottkamp H. Human atrial fibrillation substrate: towards a 
specific fibrotic atrial cardiomyopathy. Eur Heart J 2013; 34: 
2731-2738 [PMID: 23761394 DOI: 10.1093/eurheartj/eht194] 

94	 Burstein B, Nattel S. Atrial fibrosis: mechanisms and clinical 
relevance in atrial fibrillation. J Am Coll Cardiol 2008; 51: 
802-809 [PMID: 18294563 DOI: 10.1016/j.jacc.2007.09.064] 

95	 Stiles MK, John B, Wong CX, Kuklik P, Brooks AG, Lau DH, 
Dimitri H, Roberts-Thomson KC, Wilson L, De Sciscio P, Young 
GD, Sanders P. Paroxysmal lone atrial fibrillation is associated 
with an abnormal atrial substrate: characterizing the “second 
factor”. J Am Coll Cardiol 2009; 53: 1182-1191 [PMID: 19341858 
DOI: 10.1016/j.jacc.2008.11.054] 

96	 Lee KW, Everett TH, Rahmutula D, Guerra JM, Wilson E, Ding 
C, Olgin JE. Pirfenidone prevents the development of a vulnerable 
substrate for atrial fibrillation in a canine model of heart failure. 
Circulation 2006; 114: 1703-1712 [PMID: 17030685 DOI: 
10.1161/CIRCULATIONAHA.106.624320] 

97	 Rahmutula D, Marcus GM, Wilson EE, Ding CH, Xiao Y, Paquet 
AC, Barbeau R, Barczak AJ, Erle DJ, Olgin JE. Molecular basis 
of selective atrial fibrosis due to overexpression of transforming 
growth factor-β1. Cardiovasc Res 2013; 99: 769-779 [PMID: 
23612580 DOI: 10.1093/cvr/cvt074]

P- Reviewer: Amiya E, Lee TS    S- Editor: Gong ZM    
L- Editor: A    E- Editor: Li D  

Vlachos K et al . Atrial fibrillation development and progression



Nicholay Teodorovich, Moshe Swissa

MINIREVIEWS

277 March 26, 2016|Volume 8|Issue 3|WJC|www.wjgnet.com

Tilt table test today - state of the art

Nicholay Teodorovich, Moshe Swissa, Kaplan Medical Center,  
the Hebrew University, Jerusalem 91120, Israel

Author contributions: Teodorovich N and Swissa M equally 
contributed to the article.

Conflict-of-interest statement: Authors declare no conflict of 
interests for this article.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Moshe Swissa, MD, Kaplan Medical 
Center, the Hebrew University, P.O. Box 1, Rehovot 76100, 
Jerusalem 91120, Israel. swissam@mail.huji.ac.il
Telephone: +972-8-9441376
Fax: +972-8-9441110

Received: May 28, 2015
Peer-review started: May 31, 2015
First decision: August 16, 2015
Revised: September 3, 2015
Accepted: December 17, 2015
Article in press: December 18, 2015
Published online: March 26, 2016

Abstract
A tilt table test (TTT) is an inexpensive, noninvasive tool 
for the differential diagnosis of syncope and orthostatic 
intolerance and has good diagnostic yield. The autonomic 
system malfunction which underlines the reflex syncope 
is manifested as either hypotension or bradycardia, 
while an orthostatic challenge is applied. The timing of 
the response to the orthostatic challenge, as well as 
the predominant component of the response help to 

differentiate between various forms of neurocardiogenic 
syncope, orthostatic hypotension and non-cardiovascular 
conditions (e.g. , pseudosyncope). Medications, such as 
isoproterenol and nitrates, may increase TTT sensitivity. 
Sublingual nitrates are easiest to administer without the 
need of venous access. TTT can be combined with carotid 
sinus massage to evaluate carotid sinus hypersensitivity, 
which may not be present in supine position. TTT is not 
useful to access the response to treatment. Recently, 
implantable loop recorders (ILR) have been used to docu
ment cardioinhibitory reflex syncope, because pacemakers 
are beneficial in many of these patients, especially those 
over 45 years of age. The stepwise use of both TTT and 
ILR is a promising approach in these patients. Recently, 
TTT has been used for indications other than syncope, 
such as assessment of autonomic function in Parkinson’s 
disease and its differentiation from multiple system atrophy.

Key words: syncope; orthostatic intolerance; tilt table 
test; hypotension; bradycardia

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A tilt table test (TTT) is a noninvasive tool for 
the differential diagnosis of syncope and orthostatic 
intolerance. The way of the response to the orthostatic 
challenge helps to differentiate between various forms 
of neurocardiogenic syncope, orthostatic hypotension 
and non-cardiovascular conditions. TTT can be combined 
with carotid sinus massage to evaluate carotid sinus 
hypersensitivity, which may not be present in supine 
position. Implantable loop recorders (ILR) have been used 
to document cardioinhibitory reflex syncope. The stepwise 
use of both TTT and ILR is a promising approach. TTT 
has been used to assessment of autonomic function in 
Parkinson’s disease.
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INTRODUCTION
The tilt table test (TTT) was initially described by 
Kenny et al[1] in 1986 as a tool to diagnose syncope of 
unknown origin. Since then various protocols have been 
developed. The cornerstone of the test is an orthostatic 
challenge which is done with the upright tilt. Apart 
from its main use in the syncope workup, use of the 
test was described in the evaluation of the presence 
of autonomic neuropathy in a variety of conditions[2,3].
The main idea behind the test is that reflex syncope is 
due to the abnormal cardiac autonomic reflexes, which 
lead to inappropriate vasodilatation (vaso-depressive 
reflex syncope), inappropriate bradycardia (cardio-
inhibitory reflex syncope) or a mixed response[4-6]. A 
prolonged upright position is a known trigger of reflex 
syncope, where, after an initial normal adaptation to 
standing, inappropriate vasodilatation or bradycardia 
appears, leading to symptoms. This is different from the 
orthostatic hypotension, where the initial response to 
standing is abnormal. 

DEFINITION OF DIFFERENT TYPES OF 
ORTHOSTATIC INTOLERANCE
European Society of Cardiology guidelines on diagnosis 
and management of syncope describe 6 major types of 
syndromes of orthostatic intolerance, which may cause 
syncope[7] and the tilt test is useful for making a correct 
diagnosis. Four of them are different types of orthostatic 
hypotension. The initial orthostatic hypotension (up 
to 30 s since postural challenge) is caused by the 
mismatch between cardiac output and systemic vascular 
resistance. It usually happens either in young, thin 
patients or in elderly patients treated with medications 
or with carotid sinus hypersensitivity and is usually 
manifested by the fall in blood pressure associated with 
dizziness in rare syncopal episodes. Classic orthostatic 
hypotension takes from 30 s to 3 min, is caused by 
autonomic failure to increase the systemic vascular 
resistance while standing, with the resultant pooling of 
blood in lower extremities and subsequent fall in blood 
pressure. Sometimes, significant volume depletion 
may cause this type of orthostatic intolerance, even 
when autonomic reflexes function normally. This form 
of orthostatic hypotension usually occurs in elderly 
patients, or in association with vasodilator or volume 
depleting medications, with orthostatic dizziness as a 
main manifestation and infrequent syncope. Delayed 
orthostatic hypotension occurs between 3 and 30 min, 
is caused by a progressive fall in venous return, low 
cardiac output and diminished reflex vasoconstriction; 
however, there is no decrease in heart rate. This 
type is present in elderly patients with autonomic 
failure, vasoactive medications and comorbidities. It 

is manifested by a prolonged prodrome of dizziness, 
weakness, visual disturbances, chest, neck and back 
pain, followed by rapid syncope. Reflex (vasovagal) 
syncope takes 3 to 45 min of postural challenge to 
develop. It is characterized by an initially normal 
adaptation reflex, followed by a rapid vasovagal 
reaction with reflex vasodilation and bradycardia. It 
is manifested by prodrome, which includes dizziness, 
nausea and sweating (some symptoms are caused by 
autonomic activation), always followed by syncope and 
mostly occurring in young female patients. Post exercise 
syncope, which happens in the first minute after cessa
tion of intense physical activity, is now understood to 
be a form of reflex syncope[8,9]. When investigating 
the exercise related syncope, the initial effort should 
concentrate on excluding cardiac causes of syncope 
such as hypertrophic cardiomyopathy, valvular disease, 
or channelopathies.

Elderly patients with comorbidities may have a 
combination of delayed orthostatic hypotension with reflex 
syncope. Postural orthostatic tachycardia syndrome 
(POTS) is manifested by a significant increase in heart 
rate (an increase of more than 30 bpm or a heart rate 
of 120 bpm or more) during postural challenge without 
a fall in blood pressure (it can be quite variable). The 
mechanism of POTS is incompletely understood and is 
associated with physical deconditioning, and it usually 
happens in young females.

THE DIAGNOSTIC VALUE OF TTT
The etiology of reflex syncope can be divided into its 
common form (vasovagal - where postural challenge 
or emotion causes the abnormal reflex) and to the 
situational syncope (where this reaction is caused by a 
specific trigger). The autonomic malfunction causing 
reflex syncope is either a vasodepressive response (loss 
of sympathetic vasoconstrictive tone with resultant 
hypotension), cardioinhibitory response (active para
sympathetic stimulation with resultant bradycardia or 
asystole) or a mixed response. Carotid sinus hyper
sensitivity is a special form of reflex syncope.

Young patients are more prone to cardioinhibitory 
syncope, whereas older individuals are more likely to 
have a hypotensive response[10-12]. Moreover, an individual 
patient may demonstrate different types of responses on 
different occasions.

Normal individuals may have syncope during the 
tilt test (false positive result). However, comparing 
normal people who have a positive tilt test with people 
who have a history of reflex syncope[13] demonstrated 
that patients with a history of syncope had less time 
to syncope, a more rapid and persistent fall in blood 
pressure and higher peak serum epinephrine levels. 
False negative results have been reported with a rate of 
up to 30%, so a negative result does not exclude reflex 
syncope. Prolonged electrocardiographic monitoring 
may later diagnose cardioinhibitory syncope in tilt test 
negative patients[10,14]. There is no good gold standard for 
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evaluation of vasodepressive syncope. 
The test is relatively simple and requires a special 

tilt table (a bed which rapidly moves the patient from 
a supine to an upright position, while the patient is 
secured to it with a foot board and restraints). Before 
the test, orthostatic hypotension is usually excluded. 
Electrocardiogram and blood pressure are continuously 
monitored (mostly by noninvasive measurements). 
Various protocols have been published with the diffe
rences mainly in the degree of tilt (60 to 90 degrees), its 
duration and use of pharmacological enhancement.

After monitoring of the patient in the supine position 
for 5 to 20 min (a longer duration is required if the 
intravenous cannula is used)[7], the patient is moved to 
the upright position and kept there for 20 to 45 min. If 
symptoms develop in association with bradycardia or 
hypotension, the test is considered positive. Obviously, 
the patient is rapidly returned to the supine position. If 
hypotension or bradycardia develops without symptoms, 
the test is suggestive of reflex syncope. Additionally, 
orthostatic hypotension may be documented. 

If the test is negative, isoproterenol infusion (the dose 
is titrated to increase the average heart rate by 25%) 
or sublingual nitrates are used[15,16] during a second tilt. 
These are used to blunt the adaptive response of the 
autonomic nervous system and further unmask abnormal 
reflexes. Both were reported to have similar sensitivity 
(61%-69%) and specificity (92%-94%)[15,16]. Sublingual 
nitrates are easier to administer because venous access 
is unnecessary. However, one study demonstrated that 
in the pediatric population, administration of nitrates vs 
isoproterenol was associated with lower sensitivity (24% 
vs 56%) and more severe cardioinhibitory response[17]. 
A recent study which compared 2 protocols of sublingual 
nitrate administration (with and without a 5 min rest 
period in the supine position before nitroglycerin admi
nistration) found no differences with positive test in 61% 
vs 60% and specificity of 92% vs 90%, respectively[18]. 
This may eliminate the use of the rest period and shorten 
the test. Another study demonstrated that the use of 
the nitroglycerin tablet vs the sublingual spray is more 
specific, the latter form of usage was associated with 
higher rate of false positive response in both syncope 
patients and control patients[19]. Efremov et al[20] evaluated 
heart rate variability in patients with previous syncope 
who underwent a head up tilt test. Changes in the heart 
rate variability parameters between the first and last 
5 min of the passive tilt test predicted syncope after 
nitroglycerine administration. Thus, evaluation of the 
heart rate variability during a tilt test may obviate the 
need for nitrate administration and shorten the test 
with decrease of side effects; however, this will require 
additional data processing.

Other triggers described during the tilt table testing 
are carotid sinus massage and clomipramine admini
stration. Carotid massage in an upright position may 
demonstrate hypersensitivity, which may not be present 
in the supine position. Clomipramine is an serotonin 
selective reuptake inhibitor, which causes increased 

stimulation of serotonin receptors and, subsequently, 
diminishes sympathetic tone. One study[21] demonstrated 
an increased rate of positive response in patients (80% 
vs 53%) without increase in false positive responses.

Indications for the tilt table testing include recurrent 
unexplained syncope in patients without structural heart 
disease[7], or in patients with structural heart disease 
when cardiac causes have been excluded. Patients with a 
single episode of syncope do not usually need a tilt table 
test, unless there are specific circumstances associated 
with high risk (lifestyle or occupational hazard, etc.). 
Patients who are diagnosed with reflex syncope on the 
initial assessment are usually not candidates for the tilt 
test. The test may be useful to differentiate syncope with 
jerking movements from epilepsy[22,23]. Reflex syncope 
and epilepsy may actually coexist, so in some cases 
electroencephalogram recording during TTT may be 
of value[23]. Tilt test is also useful to differentiate reflex 
syncope from orthostatic hypotension[24], to evaluate a 
patient with recurrent falls[25] and to diagnose patients 
with psychogenic syncope[26]. In this scenario, syncope 
during the TTT will not be preceded by hypotension 
and/or bradycardia. The TTT is not used to evaluate the 
response to treatment. It is also not useful to evaluate 
patients with specific triggers which cause syncope. 

One study[27] assessed neuro-autonomic evaluation 
in elderly patients with syncope which was determined 
to be likely to be neurally mediated after baseline initial 
evaluation. A diagnosis was made in 64% of cases with a 
diagnostic tilt test in 50%, carotid sinus massage (CSM) 
in 12% and orthostatic hypotension in 20%. The study 
demonstrated that neuro-autonomic evaluation is useful 
in elderly patients with syncope and that a tilt test was 
the most important contributor to this evaluation.

Another study[28] evaluated the diagnostic yield of 
tests in syncope according to the ICD-10 discharge diag
nosis. The final diagnosis was reflex syncope in 21%, 
cardiac in 18%, orthostatic hypotension in 10%, others in 
4% and unexplained in 48%. While the overall diagnostic 
yield of tests was low, the tilt test had a diagnostic yield 
of 47% during the initial admission and 61% during the 
work up. 

A tilt test can be used to evaluate postural tachycardia 
syndrome. However, its performance is similar to the 
active standing test. One recent study[29] comparing 
TTT to active standing (blood pressure and heart rate 
at the 3rd and 9th minute) demonstrated no difference 
in the presence of orthostatic intolerance (p = 0.786). 
Syncope or presyncope was induced in 35% of patients 
in both groups. The only difference was a slight fall in 
blood pressure after 9 min of the tilt test but not in the 
active standing test. Another study[30] which compared 
the active standing test and the tilt test using heart 
rate measurements after 10 and 30 min found that an 
increase in 30 bpm in the upright position had good sen
sitivity with either method, but was less specific with the 
tilt test (40% vs 67% at 10 min and 20% vs 53% at 
30 min, respectively). Thus, clinical features of orthostatic 
intolerance together with positive active standing are 
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probably sufficient for the diagnosis, while a tilt test is not 
going to be contributory in this situation. 

COMPARISON WITH AN IMPLANTABLE 
LOOP RECORDER
Implantable loop recorder (ILR) provides continuous rhythm 
monitoring and can capture spontaneous episodes of 
cardioinhibitory syncope. ILR may more precisely determine 
a cause-effect relationship between bradyarrhythmia 
and syncope and exclude the tachyarrhythmic cause of 
syncope[31-33]. In case of cardioinhibitory syncope, TTT is 
more likely to demonstrate hypotension and bradycardia 
and less asystole, whereas ILR recordings during 
spontaneous episodes usually demonstrate asystole[10]. 
Thus, an implantable loop recorder may be used for 
the diagnosis of the suspected cardioinhibitory syncope 
instead of the tilt test. The drawback of this approach will 
be high proportion of implanted pacemakers in patients 
with documented spontaneous asystolic events, whereas 
patients with a positive tilt test will be mostly reassured 
about the benign nature of their disease. ISSUE 3 trial, 
reported in 2012[34] demonstrated high efficacy of dual 
chamber pacing with a rate drop response programing 
in patients who are 40 years and older with at least 
3 previous syncopal episodes with ILR documented 
cardioinhibitory syncope (asystole for more than 3 s) 
or asystole for more than 6 s without syncope. In this 
randomized placebo-controlled (sensing only pacemaker) 
trial pacing caused 32% absolute and 57% relative 
reduction of syncopal episodes. According to this data, 
it seems prudent to proceed with ILR without a TTT 
in individuals with recurrent syncopal episodes of an 
unexplained nature, or with a suggested cardioinhibitory 
response. Of note, later analysis of this cohort of patients 
demonstrated that the benefit pacing in this group of 
patients was much greater in patients with negative TTT, 
than with positive one (the type of positive response 
was not significant)[35]. Another recent study[36] used 
an algorithm with carotid sinus massage, followed by 
a tilt test, and, if it is not diagnostic, ILR implantation. 
Asystolic response in any of the tests led to pacemaker 
implantation. The recurrence rate in the pacemaker-
implanted patients (about half of the total group) was 9% 
in 1 year and 15% in 2 years (with no difference between 
CSM, TTT or ILR positive patients) and was significantly 

lower than in patients with nondiagnostic ILR (22% in 1 
year and 37% in 2 years). The significance of prolonged 
asystole (> 30 s) was evaluated in one study[37]. A total 
of 2263 patients underwent TTT, 6.5% had an asystole, 
11 patients (0.5%) had asystole between 30 and 63 s. 
Avoidance of triggers and physical counterpressure 
maneuvers were recommended in all patients, no one 
received a pacemaker. Although no patient died, 4 
patients (36%) had recurrent syncopal episodes after 
a median follow-up of 42 mo. The summary of relative 
merits of TT vs ILR is shown in table 1.

BEYOND SYNCOPE: THE USE OF TTT 
TO ASSESS AUTONOMIC NERVOUS 
SYSTEM IN DIFFERENT DISEASES
Besides its main use for differential diagnosis of syncope, 
TTT has been utilized in a variety of different disorders. 
Recent studies[38,39] used TTT in Parkinson disease. 
One study[37] demonstrated that in Parkinson’s disease 
patients orthostatic hypotension is associated with a 
combination of decreased peripheral vascular resistance 
and inability to increase stroke volume, which means 
that autonomic dysfunction, involves both vasoregulatory 
dysfunction and cardiac denervation. Patients with pre
served cardiac autonomic response (increase in stroke 
volume while in upright position) did not have orthostatic 
hypotension during TTT, despite reduction in peripheral 
vascular resistance. Orthostatic hypotension was very 
infrequent (1 in 46 patients) in patients who elevated 
peripheral vascular resistance during TTT. Another study[39] 
demonstrated that TTT is useful in making a differential 
diagnosis between multiple system atrophy (MSA) with 
predominant Parkinsonism and Parkinson’s disease. 
Autonomic dysfunction was much more prevalent in MSA; 
combination of TTT and Valsalva maneuver having 91% 
sensitivity and 92% specificity. TTT also documented 
abnormal autonomic responses in patients with persistent 
post-concussion syndrome[40], restless leg syndrome[41] 
and anorexia nervosa[42].

CONCLUSION
TTT is a time proven test with good diagnostic yield for 
the diagnosis of syncope. Because of its relatively low 
cost and noninvasive nature, TTT can be widely used. 

TTT ILR

Advantages Noninvasive, nonexpensive Reliable diagnosis of arrhythmias causing presyncope or syncope
Differentiates between reflex syncope, orthostatic hypotension, 

carotid sinus hypersensitivity and pseudosyncope
Assesses function of autonomic system

Disadvantages Significant false negative response (up to 30%) Invasive
Pharmacological chellenge may be required Cannot assess nonarrhythmic causes of syncope

Table 1  Comparison of relative merits of tilt table test and implantable loop recorders

TTT: Tilt table test; ILR: Implantable loop recorder.
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Combined with an implantable loop recorder, TTT will 
provide valuable information for the physician caring 
for patients with syncope. Apart from syncope, TTT 
demonstrated efficiency in evaluation of autonomic 
nervous system in noncardiac disorders.
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Abstract
AIM: To combine pressure and flow parameter, pressure 
drop coefficient (CDP) will result in better clinical 
outcomes in comparison to the fractional flow reserve 
(FFR) group. 

METHODS: To test this hypothesis, a comparison was 
made between the FFR < 0.75 and CDP > 27.9 groups 
in this study, for the major adverse cardiac events [major 
adverse cardiac events (MACE): Primary outcome] and 
patients’ quality of life (secondary outcome). Further, a 
comparison was also made between the survival curves 
for the FFR < 0.75 and CDP > 27.9 groups. Two-tailed 
χ 2 test proportions were performed for the comparison of 
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primary and secondary outcomes. Kaplan-Meier survival 
analysis was performed to compare the survival curves 
of FFR < 0.75 and CDP > 27.9 groups (MedcalcV10.2, 
Mariakerke, Belgium). Results were considered stati
stically significant for P < 0.05. 

RESULTS: The primary outcomes (%MACE) in the FFR 
< 0.75 group (20%, 4 out of 20) was not statistically 
different (P  = 0.24) from the %MACE occurring in CDP 
> 27.9 group (8.57%, 2 out of 35). Noteworthy is the 
reduction in the %MACE in the CDP > 27.9 group, 
in comparison to the FFR < 0.75 group. Further, the 
secondary outcomes were not statistically significant 
between the FFR < 0.75 and CDP > 27.9 groups. 
Survival analysis results suggest that the survival time 
for the CDP > 27.9 group (n  = 35) is significantly higher 
(P  = 0.048) in comparison to the survival time for 
the FFR < 0.75 group (n  = 20). The results remained 
similar for a FFR = 0.80 cut-off. 

CONCLUSION: Based on the above, CDP could prove 
to be a better diagnostic end-point for clinical revascu
larization decision-making in the cardiac catheterization 
laboratories. 

Key words: Pressure drop coefficient; Interventional 
cardiology; Intermediate coronary stenosis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In the case of intermediate coronary stenosis, 
fractional flow reserve (FFR) is traditionally used as a 
functional end-point for interventional decision making 
in a cardiac catheterization laboratory. In this outcomes 
study, it was purported that pressure drop coefficient 
could prove to be a better clinical end-point for decision-
making in comparison to the FFR. 

Effat MA, Peelukhana SV, Banerjee RK. Clinical outcomes 
of combined flow-pressure drop measurements using newly 
developed diagnostic endpoint: Pressure drop coefficient in 
patients with coronary artery dysfunction. World J Cardiol 
2016; 8(3): 283-292  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i3/283.htm  DOI: http://dx.doi.
org/10.4330/wjc.v8.i3.283

INTRODUCTION
Accurate assessment of the severity of intermediate 
coronary stenosis is a clinical challenge to the inter­
ventional cardiologists. Quantitative anatomic tools have 
been proposed to address the issue but their relevance 
is still a matter of debate. Recently, the assessment of 
functional coronary lesion severity using sensor-equipped 
guidewires has emerged as a standard diagnostic moda­
lity to provide objective evidence of myocardial ischemia 
during cardiac catheterization[1,2]. Coronary diagnostic 

indices, fractional flow reserve (FFR; pressure derived), 
and coronary flow reserve (CFR; flow derived) showed a 
high agreement with non-invasive stress testing[3-5]. 

FFR (ratio of pressure distal to the stenosis to the 
pressure proximal to the stenosis) is the current gold 
standard for evaluating the functional significance of 
an epicardial stenosis[6-8]. FFR has a lower bound of “0”, 
representing complete vessel obstruction and an upper 
bound of “1” represented no obstruction and normal 
flow. Based on extensive clinical outcomes trials, a 
cut-off value of 0.75[7] for FFR was shown to indicate 
hemodynamic significance of coronary stenosis in the 
presence of single vessel disease, and 0.80 for multi-
vessel disease[9-13]. The limitations of FFR include the 
assumption of zero central venous pressure, and its 
dependence on achieving maximal hyperemia. Failure 
to achieve peak hyperemia may result in not achieving 
minimal constant microvascular resistance, leading to 
under estimation of pressure drop and over estimation 
of FFR across a stenosis[14]. 

The flow derived parameter CFR (ratio of flow at 
hyperemia to flow at rest) was found to have excellent 
agreement with noninvasive stress testing at a cut-off 
value of 2.0[3]. An abnormal CFR (< 2.0) corresponded to 
reversible myocardial perfusion defects with high sensitivity 
and specificity[3]. It should be noted that CFR provides the 
combined effect of epicardial stenosis and microvascular 
dysfunction, but cannot differentiate between the two. 
Hence, evaluation of epicardial coronary stenosis may not 
be accurate in the setting of microvascular dysfunction.

FFR and CFR are based on either intra coronary 
pressure or flow. Therefore, they can both be confounded 
by the presence of extended microvascular disease and 
cannot differentiate between hemodynamic status 
of the epicardial stenosis and microvasculature[15,16]. 
To overcome these limitations of FFR and CFR, hybrid 
pressure and velocity parameters were proposed. How­
ever, these parameters were defined for detection of 
either epicardial stenosis, namely, hyperemic stenosis 
resistance index (ratio of pressure drop across the 
stenosis to the distal velocity during hyperemia)[4]; or 
for the detection of microvascular dysfunction, namely, 
hyperemic microvascular resistance index (ratio of 
mean distal pressure and velocity during hyperemia)[17]. 

For simultaneous detection of epicardial stenosis 
and microvascular dysfunction using a single diagnostic 
parameter, we recently introduced the functional index, 
pressure drop coefficient (CDP); ratio of trans-stenotic 
pressure drop, Δp, to distal dynamic pressure, (1/2 × 
blood density × APV2), where APV (average peak flow 
velocity) is measured under maximal hyperemia[18]. 
The CDP was validated in vitro[18,19], and in vivo animal 
studies[18-24] to differentiate between epicardial stenosis 
and microvascular dysfunction. In a recent pilot clinical 
study[25] CDP has been shown in a patient population to 
distinguish between degrees of stenosis severity. Further, 
for making interventional decisions, CDP > 27.9[26,27] was 
proposed as an indicator of significant epicardial stenosis, 
corresponding to a FFR < 0.75 cut-off in a single vessel. 
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However, for the CDP to be included into regular 
clinical practice, the cut-off value CDP > 27.9 need to be 
associated with positive clinical outcomes. Hence, the 
objective of this pilot study is to compare the outcomes 
between the CDP > 27.9 and the clinical gold standard, 
FFR < 0.75. The hypothesis is that the combined 
pressure and flow parameter, CDP will result in better 
clinical outcomes in comparison to the FFR group. To 
test this hypothesis, a comparison was made between 
the FFR < 0.75 and CDP > 27.9 groups in this study, 
for the major adverse cardiac events [major adverse 
cardiac events (MACE): Primary outcome] and patients’ 
condition (secondary outcome). Further, a comparison 
was also made between the survival curves for the FFR 
< 0.75 and CDP > 27.9 groups. 

MATERIALS AND METHODS
Study patients
The protocol[25] was approved by the institutional review 
board at University of Cincinnati (UC) and Cincinnati 
Veteran Affairs Medical Center (CVAMC), and informed 
consent was obtained from all the participants. Patients 
who underwent exercise testing and myocardial perfusion 
scans were consented based on the inclusion and exclusion 
criteria, as explained below. The study was registered with 
Clinicaltrials.gov, with the identifier NCT01719016. 

The study population consisted of 86 patients enrolled 
at the UC and CVAMC. Table 1 summarizes the clinical 
characteristics of the enrolled patients. The inclusion 
criteria for the study were: (1) chest pain; (2) abnormal 
stress test; (3) an angiographically detectable stenosis 
of moderate severity (defined as approximately 50% by 
visual examination) in a major coronary artery; and (4) 
left ventricular ejection fraction > 25%. Patients were 
excluded if they had: (1) left ventricular ejection fraction < 
25%; (2) non-dialysis dependent chronic kidney disease 

with baseline serum creatinine greater than 2.5 g/dL; (3) 
history of type-Ⅱ heparin induced thrombocytopenia; (4) 
ostial lesions, serial stenoses, significant left main stenosis; 
(5) significant co-morbid conditions that would make 
coronary angiography prohibitive and contraindicated; and 
(6) pregnant women. 

Cardiac catheterization and hemodynamic measurement 
Using standard-of-care catheterization techniques, 
vascular access was through the femoral approach; a 
5-to-6-French catheter was introduced into the femoral 
sheath and advanced into the ostium of the coronary 
artery. Unfractionated heparin was administered using 
a weight-based protocol. Aortic pressure was measured 
through the guiding catheter. Intra coronary pressure 
and flow measurements were obtained across the 
lesions either by using a 0.014-inch-diameter guidewire 
(Combowire, Volcano Corporation, California, United 
States) that combines a standard Doppler sensor at the 
tip and a standard pressure sensor 1.5 cm proximal to 
the tip or by 0.014-inch-diameter pressure and Doppler 
guide wires separately. The Combowire (or pressure 
wire) was set at zero, calibrated, advanced through 
the guiding catheter and normalized to aortic pressure 
before insertion into the target vessel. The wire was 
positioned distal to the stenosis in the target vessel, with 
the pressure transducer at least 30 mm distal to lesion. 
The position of the Doppler sensor was manipulated until 
an optimal and stable blood velocity signal was obtained. 
Adenosine was then infused intravenously (140 µg/kg 
per minute)[25] or via intracoronary (20 µg for the right 
coronary artery and 40 µg for the left coronary artery)[28] 
to induce maximal coronary blood flow. Aortic pressure 
(Pa), coronary pressure (Pd) and average peak velocity 
(APV) distal to the stenosis were recorded. All signals 
were continuously recorded at rest and throughout 
induction and decline of maximum hyperemia.

CDP calculation 
Percent diameter stenosis, reference diameter, and 
minimal lumen diameter were obtained by quantitative 
analysis of coronary angiograms, with the use of a vali­
dated automated contour detection algorithm (Centricity 
Cardiology, GE Healthcare). CDP[18,20-22,24,27] is defined as 
the ratio of trans-stenotic pressure drop (ΔP = Pa - Pd) to 
distal dynamic pressure. The product of blood density 
(ρ), the square of APV and a constant value of 0.5, i.e., 
0.5 × ρ × APV2, is calculated to obtain distal dynamic 
pressure, measured at hyperemia. Blood density, ρ does 
not change significantly at hyperemia, and thus can be 
assumed to have a constant value (1.05 g/cm3)[20,29]. 

 CDP = ΔP/(0.5 × γ × APV2)(a dimensionless para
meter; where ΔP = Pa - Pd), Pa and Pd are mean pre­
ssures measured proximal and distal to the stenosis at 
hyperemia, respectively.

Patient follow-up and study endpoints
All the patients were followed-up through either chart 
review, a phone call, and/or a questionnaire. The period 

Variable Study/group

Sex (M/F) 77/9
Age (yr) 61 ± 9
Ejection fraction (%)   58 ± 10
Clinical history 

Diabetes   42/86
Hypertension   70/86
Dyslipidemia   60/86

Previous myocardial infarction   21/86
Smoking history   52/86

Family history of CAD   23/86
LV hypertrophy     4/86

Affected artery 
LAD 43
LCX 17
RCA 26

Table 1  Summary of the characteristics of the 86 recruited 
patients

M: Male; F: Female; CAD: Coronary artery disease; LV: Left ventricle; 
LAD: Left anterior descending; LCX: Left circumflex; RCA: Right coronary 
artery.

Effat MA et al . Improved interventional outcomes using pressure drop coefficient
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of follow-up was a minimum of 1 year. Through the 
follow-up, the primary outcomes, consisting of MACE, 
were determined. MACE was defined as the composite of 
all-cause mortality, myocardial infarction (MI), and repeat 
revascularization (Table 2). 

The secondary outcomes consisting of patients’ condi
tion were determined through follow-up questionnaire 
based on 5 questions (Table 2). Q1: How has your health 
condition been after procedure? Q2: Have you been 
diagnosed of heart attack after procedure? Q3: Have 
you been experiencing chest pain requiring you to take 
nitroglycerin, since you had the procedure? Q4: Did you 
have any interventional procedure done after cardiac 
catheterization? Q5: Have you been re-hospitalized 
for cardiac-condition after this cardiac procedure? The 
answers to these questions comprised of the secondary 
outcomes. 

Statistical analysis
The authors had prior biostatistics background, as 
apparent from previous publications[13,14,17-19]. Any patient 
lost to follow-up was counted as censored data. The 
data was segregated based on the cut-off value of FFR 
< 0.75 and FFR < 0.80 for significant epicardial stenosis. 
Similarly, for corresponding significant epicardial stenosis, 
CDP > 27.9 and CDP > 25.4[26,27] were used as the cut-
off value. For the primary outcome analysis, the %MACE 
in the FFR < 0.75 (n = 20) group were quantified and 
compared against the %MACE in corresponding CDP 
> 27.9 (n = 39) group. Similar comparisons were also 
performed between the %MACE in the FFR > 0.75 (n = 
66) and CDP < 27.9 (n = 47) groups. The same analysis 
were also performed for FFR = 0.80 and CDP = 25.4 
groups.

For the secondary outcome analysis, the responses 
to the five questions (please see above) were quantified 

as percentages and compared between the FFR and 
CDP groups. For Q1, the number of patients answering 
“not feeling well” was counted. For Q3, Q4 and Q5, any 
patient answering “Yes” was counted. Q2 was excluded 
from presentation since there were no patients diagnosed 
with heart attack. All the comparisons were performed 
using a two-tailed χ2 test with Yates correction. As a 
double check, comparisons were also performed using 
Fisher’s exact test. 

Further, survival analysis was also performed to assess 
the performance of CDP against FFR. The time between 
the index procedure and the time when the patient 
was last contacted (last follow-up) was recorded. Any 
patient who reached the primary outcome (%MACE) 
was counted as positive. Any patient lost to follow-up or 
who didn’t reach the outcome was entered as censored 
data. Based on this, Kaplan-Meier survival analysis was 
performed. A comparison between the survival curves 
for the two groups was also performed using log-rank 
test. All the analyses were performed using MedCalc 
(V10.2, Mariakerke, Belgium). Results were considered 
statistically significant for P < 0.05.

RESULTS
In order to test the effectiveness of CDP cut-off (CDP 
> 27.9 and CDP > 25.4) as a guide for intervention 
decisions, the primary and secondary outcomes in 
patients were quantified and compared against the FFR 
cut-off (FFR < 0.75 and FFR < 0.80). In addition, survival 
curves were also generated and compared between the 
groups. These results are summarized below. 

Primary outcome comparison between CDP and FFR 
A comparison of the %MACE between the FFR < 0.75 
and CDP > 27.9 groups, and FFR > 0.75 and CDP < 27.9 

Variable FFR < 0.75 FFR > 0.75 CDP > 27.9 CDP < 27.9 FFR < 0.80 FFR > 0.80 CDP < 25.4 CDP > 25.4

Primary outcome Composite of 
MACE
All-cause 
mortality

3/20 2/66 2/35 3/51 4/35 1/51 3/47 2/39

Myocardial 
infarction

1/20 1/66 0/35 2/51 2/35 0/51 1/47 1/39

Revascularization 0/20 1/66 0/35 1/52 1/35 0/51 1/47 0/39
Secondary outcome: 
All questions 
related to patients’ 
condition after the 
procedure

Q1: Health 
condition

7/20 1/66 7/35 1/51 7/35 1/51 7/47 1/39

Q2: Heart attack 0/20 0/66 0/35 0/51 0/35 0/51 0/47 0/39
Q3: Chest 
pain requiring 
medication

6/20 6/66 7/35 5/51 6/35 6/51 7/47 5/39

Q4: Interventional 
procedure

5/20 3/66 4/35 4/51 5/35 3/51 4/47 4/39

Q5: Re-
hospitalization 
due to cardiac 
condition

2/20 5/66 4/35 3/51 2/35 5/51 4/47 3/39

Table 2  Summary of the primary and secondary outcomes at a minimum of 1-year follow-up period

MACE: Major adverse cardiac events; FFR: Fractional flow reserve; CDP: Pressure drop coefficient.
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groups is summarized in Figure 1A. The %MACE in the 
FFR < 0.75 group (20%, 4 out of 20) was not statistically 
different (P = 0.24) from the %MACE occurring in CDP 
> 27.9 group (8.57%, 2 out of 35). Noteworthy is the 
reduction in the %MACE in the CDP > 27.9 group, in 
comparison to the FFR < 0.75 group. If a CDP-based 
strategy were to be implemented, the %MACE in this 
group would be lower (8.57%) in comparison to the FFR-
guided strategy group (%MACE = 20%). 

Similarly, the %MACE in FFR > 0.75 group was 6.06% 
(4 out of 66). This value was not statistically significant 
(P = 0.45) in comparison to a %MACE in the CDP < 27.9 
group (11.76%, 6 out of 51).

Similar comparisons for FFR = 0.80 and CDP = 25.4 
groups are presented in Figure 1B. The %MACE in the 
FFR < 0.80 group (20%, 7 out of 35) was not statistically 
different (P = 0.23) from the %MACE occurring in CDP > 
25.4 group (7.69%, 3 out of 39). 

Similarly, the %MACE in FFR > 0.80 group was 1.96% 
(1 out of 51). This value was not statistically significant 
(P = 0.16) in comparison to a %MACE in the CDP < 25.4 
group (10.64%, 5 out of 47).

Secondary outcome comparison between CDP and FFR 
The secondary outcomes, quantified through responses 
of the patients through follow-up questionnaire were 
also compared between the FFR < 0.75 and CDP > 
27.9 groups, and also between the FFR > 0.75 and CDP 
< 27.9 groups. These results are summarized in Figures 
2A and 2B, respectively. 

Figure 2A summarizes the comparison between the 
FFR < 0.75 and CDP > 27.9 groups. In the FFR < 0.75 
group patients not feeling well (Q1: 35%, 7/20) was not 
statistically significant (P = 0.36) in comparison to the 
slightly lower % of patients not feeling well in the CDP 
> 27.9 group (20%, 7/35). Similarly, the % of patients 
answering “Yes” to Q3, Q4, Q5 in the FFR < 0.75 group 
(Q3: 30%, 6/20; Q4: 25%, 5/20; Q5: 10%, 2/20) was 
not statistically different (Figure 2A) in comparison to 

the CDP > 27.9 group (Q3: 20%, 7/35; Q4: 11.43%, 
4/35; Q5: 11.43%, 4/35). 

In the FFR > 0.75 group (Figure 2B) patients not 
feeling well (Q1: 1.51%, 1/66) was not statistically 
significant (P = 0.59) in comparison to the % of patients 
not feeling well in the CDP < 27.9 group (1.96%, 1/51). 
Similarly, the % of patients answering “Yes” to Q3, Q4, 
Q5 in the FFR < 0.75 group (Q3: 9.09%, 6/66; Q4: 
4.54%, 3/66; Q5: 7.58%, 5/66) was not statistically 
different (Figure 2B) in comparison to the CDP < 27.9 
group (Q3: 9.8%, 5/51; Q4: 7.84%, 4/51; Q5: 5.88%, 
3/51). 

Figure 2C summarizes the comparison between the 
FFR < 0.80 and CDP > 25.4 groups. In the FFR < 0.80 
group patients not feeling well (Q1: 20%, 7/35) was not 
statistically significant (P = 0.94) in comparison to the 
CDP > 25.4 group (17.95%, 7/39). Similarly, the % of 
patients answering “Yes” to Q3, Q4, Q5 in the FFR < 0.75 
group (Q3: 17.14%, 6/35; Q4: 14.29%, 5/35; Q5: 
5.71%, 2/35) was not statistically different (Figure 2A) 
in comparison to the CDP > 27.9 group (Q3: 17.95%, 
7/39; Q4: 10.26%, 4/39; Q5: 10.26%, 4/39). 

In the FFR > 0.80 group (Figure 2D) patients not 
feeling well (Q1: 1.96%, 1/51) was not statistically 
significant (P = 0.47) in comparison to the % of patients 
not feeling well in the CDP < 25.4 group (2.13%, 1/47). 
Similarly, the % of patients answering “Yes” to Q3, Q4, 
Q5 in the FFR < 0.80 group (Q3: 11.76%, 6/51; Q4: 
5.88%, 3/51; Q5: 9.80%, 5/51) was not statistically 
different (Figure 2D) in comparison to the CDP < 25.4 
group (Q3: 10.64%, 5/47; Q4: 8.51%, 4/47; Q5: 6.38%, 
3/47). 

Survival analysis 
The Kaplan-Meier survival curves for the FFR < 0.75 and 
CDP > 27.9 groups were presented in Figure 3A. The 
results suggest that the survival time for the CDP > 27.9 
group (n = 35) is significant (P = 0.048) in comparison 
to the survival time for the FFR < 0.75 group (n = 20). 
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Further, the hazard ratio between the two groups is 
0.22 (95%CI: 0.06-1.24). This means that the survival 
expectancy in the FFR < 0.75 group is 0.22 times the 
survival probability in the CDP > 27.9 group. Similar 
results for FFR < 0.80 and CDP > 25.4 groups are pre
sented in Figure 3B. The survival time for the CDP > 25.4 
group (n = 39) is marginally significant (P = 0.066) in 
comparison to the survival time for the FFR < 0.80 group 
(n = 35). 

The Kaplan-Meier survival curves for the FFR > 0.75 
and CDP < 27.9 groups were presented in Figure 3C. 
The results suggest that the survival time for the CDP 
< 27.9 group (n = 51) is not significantly different (P = 
0.29) in comparison to the survival time for the FFR > 0.75 
group (n = 66). Further, the hazard ratio between the 
two groups is 1.95 (95%CI: 0.56-6.82). Similar results 
for FFR > 0.80 and CDP < 25.4 groups are presented in 
Figure 3D. The survival time for the CDP < 25.4 group (n 
= 47) is not significant (P = 0.094) in comparison to the 
survival time for the FFR > 0.80 group (n = 51). 

DISCUSSION
The theoretical advantages of using a single physiological 
parameter that incorporates both pressure and flow 
measurements is well supported by ample evidence. 
However, the question remains whether this conside­

ration is relevant in a clinical setting. The results of this 
study suggest that if clinical practice making strategy is 
based on CDP instead of FFR, there would be a significant 
increase in event free survival. Additionally, comparing 
patients who had CDP > 27.9 to FFR < 0.75 and CDP > 
25.4 with FFR < 0.80 resulted in a trend towards reduced 
MACE and improved quality of life. Similar results were 
observed for FFR = 0.80 cut-off, with a corresponding 
CDP cut-off of 25.4. Purportedly the difference in clinical 
outcomes seen in this study reflects an enhanced 
accuracy in predicting ischemia. 

CDP, defined as coronary trans-lesional pressure drop 
(Δp) to distal dynamic pressure (0.5 × ρ × APV2) uses 
both pressure and flow measurements to assess stenosis 
severity. Additionally, it has the advantage of being a 
non-dimensional parameter based on fundamental fluid 
dynamics principles. It has been shown that coronary 
pressure drop (Δp) - flow relationship in a stenosed 
vessel is non-linear and can be described by ΔP = aV 
+ BV2, where a and b are stenosis specific constants 
and V is the velocity. The Δp includes (a) viscous loss, a 
linear relationship of Δp and flow (or velocity), resulting 
from the friction between the blood flow and the lumen 
of the stenosis wall; and (b) loss due to the momentum 
change, a quadratic relationship of Δp and velocity, 
caused by the area change due to the stenosis. 

FFR and CFR are affected in opposite directions by 
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Figure 2  Comparison of patient conditions between fractional flow reserve and pressure drop coefficient groups at follow-up. A: FFR < 0.75 and CDP > 
27.9; B: FFR > 0.75 and CDP < 27.9; C: FFR < 0.80 and CDP > 25.4; D: FFR > 0.80 and CDP < 25.4. FFR: Fractional flow reserve; CDP: Pressure drop coefficient.
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microvascular resistance, and assessment of ischemia 
by measuring FFR and CFR in the same coronary vas
culature may yield discordant results in up to 40% of 
the cases[30]. This can be explained by the presence 
of diffuse epicardial disease which would lower CFR 
without significant impact on FFR. Conversely, a well 
preserved microvascular auto regulatory function may 
maintain CFR above the ischemic threshold while FFR is 
abnormal. In the presence of such conditions as diffuse 
lesion or concomitant microvascular disease, the complex 
interaction between pressure and flow might not be 
sufficiently explained by FFR or CFR alone, as FFR is a 
pressure-derived parameter and CFR is a flow-derived 
parameter. On the other hand, CDP combines both the 
pressure and flow in a single parameter and thus can 
distinguish between epicardial stenosis and microvascular 
dysfunction[22,26].

As previously mentioned, both FFR and CFR depend 
critically on the achievement of maximal hyperemia. 
Failure to achieve peak hyperemia may result in not 
achieving minimal constant microvascular resistance 
leading to under estimation of pressure drop and over 
estimation of FFR across a stenosis[11]. It should be 
noted that in the presence of microvascular dysfunction 
and submaximal hyperemia, pressure drop, and blood 
flow are affected in the same direction. Physiologically, 
the extent of reduction in maximal hyperemic flow due 

to microvascular dysfunction is higher than that due to 
epicardial stenosis[20]. In such circumstances, the square 
of maximal hyperemic flow in the denominator of CDP 
significantly accounts for this reduction, thus providing an 
increased resolving power for CDP for accurate evaluation 
of the status of epicardial stenosis.

Given these advantages of CDP, we believe that it 
can potentially have a significant role in clinical practice. 
However, it should be noted that the utilization of dual 
sensor wires for diagnostic purposes has not gained 
sufficient traction in cardiac catheterization laboratories 
partly because of the added complexity in acquiring fun­
ctional data. Nevertheless, as the evidence from clinical 
outcome studies evolves and the technology advances 
further in making the dual sensor wires more steerable, 
less expensive and easier to use, the employment of these 
sophisticated concepts will be more tenable for use and 
application in the cardiac catheterization laboratory.

Several studies have confirmed the clinical utility 
of FFR in applying a “functional” PCI approach for the 
treatment of coronary stenosis, i.e., to only revascularize 
the angiographic lesions that show significant FFR while 
deferring others. The DEFER study[11] comprised of 181 
patients with stable ischemic heart disease and inter­
mediate coronary stenosis. FFR > 0.75 was used to 
defer PCI and follow medical therapy in the deferred 
arm. At 5-year follow-up, the rate of MI or death was 
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Figure 3  Survival curves.  A: FFR < 0.75 and CDP > 27.9 groups (P = 0.048); B: FFR < 0.80 and CDP > 25.4 (P = 0.066); C: FFR > 0.75 and CDP < 27.9 groups (P 
= 0.29); D: FFR > 0.80 and CDP < 25.4 (P = 0.09). FFR: Fractional flow reserve; CDP: Pressure drop coefficient.
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significantly lower in the deferred group in comparison 
to the PCI group. The FAME trial[13] randomized 1005 
patients to either FFR guided PCI or angiography guided 
PCI. The primary endpoint of MACE (MI, death, or repeat 
revascularization) at one year was significantly lower in 
the FFR guided strategy (13.2% vs 18.3%, P = 0.02).

To compare the outcomes between FFR guided PCI 
and optimal medical therapy alone, FAME 2[31], randomized 
888 patients. The study was terminated early due to a 
significant difference in the primary endpoint of MACE in 
favor of the FFR guided strategy. 

The results of these studies validate the role of FFR in 
guiding the clinical decision for management of coronary 
artery disease. Further, our study is purporting an 
improved accuracy for CDP over FFR in predicting major 
ischemic events as well as angina free survival. The 
reported outcomes from our analysis support the value 
of using CDP to make decisions regarding deferment of 
revascularization in clinical practice. Although statistical 
significance was not reached on most endpoints, the 
trends were robustly consistent throughout the spectrum 
of outcome follow-ups. Further validation in a larger 
cohort and a longer follow-up period may yield a stronger 
difference in support of CDP. 

Limitations
In this study, all the clinical decisions were made on 
the basis of FFR only. Thus, using a larger sample size, 
a prospective randomized clinical trial of FFR vs CDP is 
needed to further investigate the clinical performance of 
CDP relative to FFR and validate the outcomes from this 
exploratory study. 

In conclusion, in this pilot study, the primary (%MACE) 
and secondary (improved quality of life) outcomes 
between the FFR < 0.75 and CDP > 27.9 groups were 
compared. The %MACE in the CDP < 27.9 groups were 
slightly lower in comparison to the FFR < 0.75 group. 
However, this comparison was not statistically significant. 
Similarly, the secondary outcomes were not different 
between the FFR < 0.75 and CDP > 27.9 groups. 

The event free survival in the CDP < 27.9 group 
was significantly (P = 0.048) higher in comparison the 
survival time in FFR < 0.75 group. Based on these, CDP 
could prove to be a good clinical endpoint for revascula­
rization decision-making in a catheterization laboratory. 
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Abstract
AIM: To identify the typical shape of the rise and fall 
curve of troponin (Tn) following the different types of 
myocardial infarction (MI). 

METHODS: We conducted a systematic search in 
PubMed and Embase including all studies which focused 
on the kinetics of Tn in MI type 1, type 4 and type 5. 
Tn levels were standardized using the 99th percentile, 
a pooled mean with 95%CI was calculated from the 
weighted means for each time point until 72 h. 

RESULTS: A total of 34 of the 2528 studies identified 
in the systematic search were included. The maximum 
peak level of the Tn was seen after 6 h after successful 
reperfusion of an acute MI, after 12 h for type 1 MI 
and after 72 h for type 5 MI. In type 1 MI there were 
additional smaller peaks at 1 h and at 24 h. After 
successful reperfusion of an acute MI there was a 
second peak at 24 h. There was not enough data avai
lable to analyze the Tn release after MI associated with 
percutaneous coronary intervention (type 4).

CONCLUSION: The typical rise and fall of Tn is different 
for type 1 MI, successful reperfusion of an acute MI and 
type 5 MI, with different timing of the peak levels and 
different slopes of the fall phase. 
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Core tip: In this systematic review we aimed to identify 
the typical rise and fall of cardiac troponin (Tn) in the 
different types of myocardial infarction (MI). A total 
of 34 of the 2528 studies identified in the systematic 
search were included. The typical rise and fall of Tn 
is different for type 1 MI, successful reperfusion of an 
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acute MI and type 5 MI, with different timing of the 
peak levels and different slopes of the fall phase.
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INTRODUCTION
Myocardial infarction (MI) is the collective term for myo­
cardial necrosis in the setting of myocardial ischemia[1]. 
There are many different conditions which can result in 
myocardial ischemia and subsequent MI. Currently, there 
are five distinct types of MI defined: Type 1 spontaneous 
MI related to atherosclerotic plaque rupture, type 2 MI 
secondary to an imbalance between oxygen supply 
and oxygen demand, type 3 MI resulting in death when 
biomarkers are not available, type 4a MI related to 
percutaneous coronary intervention (PCI), type 4b MI 
related to stent thrombosis, and type 5 MI related to 
coronary artery bypass grafting (CABG)[1].

For all different types of MI, excluding type 3, 
cardiac biomarkers are the cornerstone for diagnosing 
its occurrence. The preferred cardiac biomarker for the 
detection of myocardial damage is troponin (Tn)[1]. Tn 
(subtypes I en T) is part of the contractile apparatus of 
myocardial cells only and is therefore a highly specific 
biomarker for myocardial damage[1]. Elevated levels of Tn 
can be detected within 3-12 h after the start of ischemia 
and they reach a peak after 12-48 h[2]. However, as Tn 
is a structural component of myocardial cells, Tn levels 
will be elevated in patients with chronic heart conditions 
such as heart failure as well. Therefore, to distinguish 
between an acute MI and chronic cardiac disease, 
elevation of Tn alone is not specific enough. There needs 
to be a significant change in the level of Tn, i.e., a rise 
and/or a fall. In spontaneous MI a relative difference of 
more than 20% is considered a significant change[1]. 
More specifically, in spontaneous MI any level above the 
99th percentile is considered a rise[1]. The cut off levels 
according to the third universal definition for a typical 
rise in PCI associated MI (> 5 times 99th percentile) and 
CABG associated MI (> 10 times 99th percentile) are 
consensus based and not evidence based[1]. 

The typical rise and/or fall of Tn is thus crucial for 
the diagnosis of MI[1]. However, the exact shape of the 
rise and fall curve is largely unknown. Nevertheless, 
understanding the shape of the rise and fall curve would 
allow for better timing of Tn blood sampling in clinical 
practice and would improve diagnostic criteria per type of 
MI. The aim of this systematic review was to identify the 
typical shape of the rise and fall curve of Tn following the 
different types of MI. 

MATERIALS AND METHODS
Literature search
Medline (PubMed) and Embase were searched from 1966 
through October 2013 for publications. We used syno
nyms and abbreviations for “rising”, “falling”, “changing”, 
“troponin” and “myocardial infarction” as keywords (See 
supplementary 1 for search strategies). Based on titles 
and abstracts, all studies evaluating Tn in MI were 
included. Different types of studies were eligible, for 
example cross sectional studies of patients with MI, 
cohort studies including patients with symptoms of 
cardiac ischemia, randomized controlled trials concerning 
treatment or diagnosis of MI and case control studies 
where the cases had MI. We included studies in patients 
with MI that focused on cardiac Tn, both Tn-I and Tn-T, 
and that reported at least two different Tn-values with 
at least one sample above the cut off level. Abstracts 
from conference proceedings, non-human studies, non-
English studies, and studies on animals, children, chronic 
conditions and cardiomyopathy were excluded. 

First, all titles and abstracts were screened for eligi­
bility. Second, screening was extended to full text for all 
studies that where either marked as relevant or when the 
eligibility was unclear from screening titles and abstracts. 
Eligibility was determined using a standardized form 
containing the above mentioned criteria. 

The methodological quality of included studies was 
assessed by two observers (DvB and ML) and in case 
of doubt by a third observer (BvZ) using an adjusted 
QUADAS-tool[3] (see supplementary 2 for quality criteria). 
The selected items of the QUADAS-tool enabled us to 
examine potential sources of bias and variation[4]. The 
defined quality domains were; representativeness of the 
spectrum (i.e., the representativeness of the patients in the 
study for clinical practice), acceptable reference standard, 
acceptable delay between tests, partial verification 
avoided, relevant clinical information, uninterpretable 
results reported, and withdrawals explained. We did not 
calculate summary scores estimating the overall-quality 
of included studies since it has been shown that their 
interpretation is problematic and may be misleading[5]. 

Data extraction took place using a specifically desi
gned data extraction form. The two observers inde­
pendently extracted raw data from the included studies 
to obtain information on Tn levels at different time points. 
Other elements that were extracted included the year of 
publication, the type of study, the research question, any 
subgroups, inclusion and exclusion criteria, the setting 
(e.g., emergency department, in hospital, post-surgery) 
and sample size. In addition, the proportion of patients 
with MI, the mean or median age of patients with MI, 
the proportion of males with MI, any comorbidities and 
the diagnostic criteria used for MI were obtained. Finally, 
test characteristics were extracted such as the type of 
Tn test, the 99th percentile/upper reference limit/cut off 
level of the Tn test, limit of detection, number of samples 
per patient and the sample time points in relation to the 
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event (e.g., admission, surgery). 
Data were considered missing if not explicitly mentioned 

in the text and if impossible to deduct the information 
directly from other information in the text. Discrepancies 
between the two observers were resolved by discussion.

Statistical analysis
Studies were divided into four subgroups based on the 
focus of the articles: Studies on type 1 spontaneous MI, 
studies that focused on successful reperfusion in the 
setting of an acute MI (where reperfusion was not initiated 
or its effect not evaluated), studies on MI associated with 
PCI (type 4a MI), and studies on MI associated with CABG 
(type 5 MI). Type 2 MI studies were not included in this 
systematic review as the etiology behind this type of MI is 
distinctly different.

In this review we aimed to address the general rise 
and fall of Tn and not the rise and fall of specific Tn tests. 
Therefore, all Tn levels that were obtained within 72 h 
were included in our analysis. If the timing of the samples 
was not specified, the study was excluded from analysis. 
If only one data source was available for a given point in 
time, we excluded this time-point from our analysis. 

For each time point up till 72 h we conducted the 
following procedure. For each study, we first determined 
the mean and standard deviation (SD) of the Tn values. 
If available, mean and SD as presented in the article was 
used. Alternatively, when only a median was available 
the mean was approximated. For articles with less than 
25 patients with MI, we used the formula of Hozo et 
al[6] to approximate the mean, for articles with 25 or 
more patients with MI, the median was used as the 
best estimate of the mean. Articles for which the mean 
could not be approximated were excluded from analysis. 
When the standard error (SE) was not available from the 
articles directly, it was calculated from SD, confidence 

interval (CI), or median absolute deviation. Articles for 
which the SE was not available nor could be calculated 
were excluded from the analysis.

Subsequently, in order to make the Tn levels from 
different studies comparable, all Tn levels were standar
dized. Standardization was achieved by dividing the Tn 
levels by the 99th percentile of that particular Tn test. If 
the 99th percentile was not available, we used the upper 
reference limit (URL) or the cut off value for standardization. 
Studies that did not mention a 99th percentile or an URL or 
a cut off value for their Tn test were excluded from analysis. 

After standardization, results over studies were 
pooled as follows. Every study was assigned a weight 
according to the inverse of the variance (1/SE2). The 
weighted mean per article was calculated by multiplying 
the mean with the weight. The sum of all weighted 
means was divided by the sum of all weights to calculate 
a pooled mean for every timepoint. The SE per timepoint 
was calculated as follows: 1/(sum of the weights)0.5. 
From the pooled SE the 95%CI was calculated.

The pooled mean of the standardized Tn levels 
with the corresponding CI at different time points were 
analyzed and summarized using a graph. 

RESULTS
Search results
Our search resulted in 2528 potentially eligible studies 
(Figure 1). After screening titles and abstracts 2189 
studies were excluded. After reviewing and applying 
the in- and exclusion criteria to the full text of the 
remaining 339 studies, 34 studies remained for analysis. 
There were 17 studies on type 1 spontaneous MI, 8 on 
successful reperfusion, 1 on MI associated with PCI (type 4), 
and 9 studies on MI associated with CABG (type 5). One 
study could be included in the analyses for both type 1 
MI and reperfusion. The baseline characteristics of the 
included studies are summarized in Table 1. 

Quality of the included studies
Table 2 describes the results of the quality assessment. 
Almost all studies avoided partial verification, worked 
with relevant clinical information and a representative 
spectrum of patients with MI. Very few studies reported 
uninterpretable results or explained withdrawals. 

Typical rise and fall of Tn
The pooled mean Tn level in type 1 MI showed an early 
first peak of 7.0 (95%CI: 6.0-8.0) at 1 h. This initial peak 
was followed by a maximum pooled mean Tn level of 84 
(95%CI: 82-86) at 12 h. A third small peak followed at 
24 h (2.7; 95%CI: 2.6-2.9) (Figure 2). Finally, there was 
a gradual fall of Tn.

The maximum pooled mean of Tn after successful 
reperfusion was at 6 h (1853; 95%CI: 1851-1855), 
another high peak followed at 24 h (1006; 95%CI: 
1004-1007) (Figure 3). Subsequently, there was a 
pronounced fall in Tn. The pooled mean Tn in type 5 MI 
associated with CABG raised the first 24 h, after which 

2528 studies

339 studies

52 studies

34 studies

Title/abstract
screening:

2189 studies
excluded

Full text screening:
287 studies 
excluded

Excluded from
analysis:

18 studies
excluded

MI: 17 studies1 RP: 8 studies1 PCI: 1 study CABG: 9 studies

Figure 1  Flow chart. 1Different data from one study has been included in 
both the MI and RP analysis. MI: Type 1 spontaneous myocardial infarction; 
RP: Successful reperfusion during an acute myocardial infarction; PCI: Type 
4 myocardial infarction associated with percutaneous coronary intervention; 
CABG: Type 5 myocardial infarction associated with coronary artery bypass 
surgery. 
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Ref. Year of 
publication

NO. of 
patients

Prevalence 
MI n  (%)

Males with 
MI n  (%)

Diagnostic 
criteria MI

Tn test Cut off level Type of cut 
off level

Time points measured 
from

Type 1: Spontaneous MI
Aldous et al[12] 2011   939   200 (21) NA Biomarkers HS-TnT (T)      (T) 0.014 μg/L (T): 99th Admission

ECG  HS-TnI (I)       (I) 0.028 μg/L (I): 99th

Imaging
Symptoms

Aldous et al[13] 2012   385     82 (21)   59 (72) Biomarkers TnI (I)     (T): 0.014 μg/L (T): 99th Admission
ECG HS-TnT (T)      (I): 0.028 μg/L (I): 99th

Imaging
Symptoms

al-Harbi et al[14] 2002     86     51 (59)   46 (90) ECG TnI             0.05 ng/mL 99th Admission
Symptoms

Apple et al[15] 2009   381     52 (13) NA ESC TnI            0.034 μg/ L 99th Admission
ACC

Bahrmann et al[16] 2013   306     38 (12)   23 (61) Biomarkers HS-TnT  14 ng/L 99th Admission
ECG

Imaging
Symptoms

Bertinchant et al[17] 1996   682   48 (7)   41 (85) WHO TnI       0.1 μg/L Cut off Admission
Biener et al[18] 2013   459 111 (3)   82 (74) WHO HS-TnT      14 ng/mL 99th Admission

UD
Bjurman et al[19] 2013 1504 1178 (75) 716 (61) Biomarkers HS-TnT   40 ng/L 99th Admission

ECG
Imaging

Symptoms
de Winter et al[20] 2000   131     131 (100) NA Biomarkers TnT       0.1 μg/L URL Symptoms

Symptoms
Falahati et al[21] 1999   327     62 (19) NA WHO TnT         0.20 μg/L Cut off Symptoms
Haaf et al[22] 2012   887   127 (14)   87 (69) Biomarkers HS-TnT (HT) (HT): 0.014 μg/L (HT): 99th Admission

ECG HS-TnI (HI)  (HI): 0.009 μg/L (HI): 99th

Imaging TnI (I)     (I:) 0.009 μg/L (I:) 99th

Symptoms
Lucia et al[23] 2001     82     42 (51)   32 (76) Biomarkers TnI           1.5 ng/mL URL Admission

ECG
Symptoms

Mohler et al[24] 1998   100     21 (21) NA Biomarkers TnT         0.1 mg/L Cut off Admission
ECG

Symptoms
Mueller et al[25] 2012   863   165 (21) 121 (73) UD HS-TnT   14 ng/L 99th Admission
Reichlin et al[26] 2011   836   108 (13)   73 (68) Biomarkers Hs-TnT (T)    (T): 0.014 μg/L (T): 99th Admission

ECG TnI-ultra (I)   (I): 0.04 μg/L (I): 99th

Imaging
Symptoms

Reichlin et al[27] 2013   840   120 (14)   81 (68) Biomarkers Hs-TnT (T) (T): 14 ng/L (T): 99th Admission
ECG HS-TnI (I) (I): 9 ng/L (I): 99th

Imaging (I) 9 ng/L (I): 99th

Symptoms
Wu[28] 2009     14       4 (29)       4 (100) NA TnI-ultra         0.04 μg/L 99th Admission
Successful reperfusion during acute MI
Abe et al[29] 1994     38     26 (68)   20 (77) ECG TnT           0.2 ng/mL URL Start treatment

Symptoms
Apple et al[30] 1996     25     17 (68) NA ECG TnI       3.1 μg/L URL Start treatment

Symptoms
Ferraro et al[9] 2012     87       87 (100)   68 (78) NA TnI-ultra         0.04 μg/L Cut off Before and after PCI
Ferraro et al[31] 2013   856   360 (42) 253 (70) Biomarkers TnI-ultra   40 ng/L 99th Before and after PCI

ECG
Symptoms

Mair et al[32] 1991   172     33 (18) NA WHO TnT       0.5 μg/L 99th NA
Ricchiuti et al[33] 2000     83     23 (28)  17 (74) WHO TnI       0.8 μg/L URL End of treatment
Tanasijevic et al[34] 1997     30     19 (63)  15 (79) NA TnI           0.6 ng/mL URL Admission
Tanasijevic et al[35] 1999   442   344 (78) 258 (75) NA TnI          0.4 ng/mL Cut off Before and after treatment
Type 4: MI associated with percutaneous coronary intervention
Reimers et al[36] 1997     80     5 (6) NA Biomarkers TnT       0.1 μg/L URL Before PCI and after

ECG
Imaging

Type 5: MI associated with coronary artery bypass grafting
Abdel Aziz et al[37] 2000     50     14 (28)    14 (100) Biomarkers TnT   10 μg/L Cut off Declamping

Table 1  Baseline characteristics of included studies
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the Tn levels stabilized (Figure 4). The maximum pooled 
mean level of Tn was at 72 h (2.2; 95%CI: 1.8-2.6).

DISCUSSION
In this systematic review we identified the typical 
shape of the rise and fall curve of Tn following type 
1 spontaneous MI, after successful reperfusion of a 
spontaneous MI, and after type 5 MI associated with 
CABG. The different types of MI resulted in a different 
peak level of Tn at different time points followed by 
distinct fall phases. Understanding these variations of 
Tn kinetics could result in improvement of the specific 
diagnostic criteria per type of MI. 

It is remarkable that for type 5 MI we found the 
lowest pooled mean peak level of the different types 
of MI (2.2 compared to 84 in type 1 MI). This is in 
contrast with what one should expect when applying 
the third universal definition. In this definition for type 1 
MI the recommended cut off level is defined as the 99th 
percentile and for type 5 MI 10 times the 99th percentile 
is recommended[1]. First, the relative high levels of Tn 
that we found for type 1 MI may be the result of the use 
of high-sensitive Tn tests. Second, the peak level that we 
have found in our review for type 5 MI is considerably 
lower than the optimal cut off level for diagnosing type 
5 MI according to a previous published study (266 
times the URL)[7]. This could be due to the fact that 

ECG
Alyanakian et al[38] 1998     41       5 (12) NA ECG TnI       0.6 μg/L URL Start CPB

Imaging
Benoit et al[39] 2001   260     8 (3) NA Biomarkers TnI       0.6 μg/L URL Before OR, end of ECC 

ECG
Imaging

Fellahi et al[40] 1999   102     7 (7)    4 (57) ECG TnI           0.6 ng/mL Cut off Admission ICU
Katus et al[41] 1991     45       5 (11) NA ECG TnI         0.5 mg/L URL After surgery
Lim et al[42] 2011     28       9 (32)    7 (78) UD TnI-ultra          0.06 μg/L 99th End of surgery
Mair et al[43] 1994   119   10 (8) 9 ECG TnI (I)   (I): 0.10 μg/L (I): URL Declamping

TnT (T)  (T): 0.10 μg/L (T): Cut off
Thielmann et al[44] 2004     55       55 (100)   26 (74) Biomarkers TnI           0.5 ng/mL Cut off Declamping

ECG
Thielmann et al[45] 2005     94       94 (100)  67 (71) Biomarkers TnI       20 ng/mL Cut off Declamping

ECG

99th: 99th percentile; ACC: American College of Cardiology; CPB: Cardiopulmonary bypass; ECC: Extracorporeal circulation; ESC: European Society of 
Cardiology Criteria for MI; HS-TnI: High sensitive TnI; HS-TnT: High sensitive TnT; MI: Myocardial infarction; NA: Not available; PCI: Percutaneous 
coronary intervention; Tn: Troponin; UD: Universal definition of MI; URL: Upper reference limit; WHO: World Health Organization Criteria for MI.
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are shown below the graph. Tn: Troponin; HS: High sensitive.



298 March 26, 2016|Volume 8|Issue 3|WJC|www.wjgnet.com

many of the CABG studies included in our review used 
a cutoff point instead of a 99th percentile. Likely, these 
cut off points already take into account the expected 
higher levels of Tn after CABG. Since we used the cut 
off level for standardization of Tn if the 99th percentile 
was not available, this could explain the lower levels of 
standardized Tn in type 5 MI. In this systematic review 
we did not include patients without MI from the included 
studies; therefore we cannot make any claims regarding 
the optimal diagnostic cut off point. 

The recommended interval between two samples to 
rule MI in or out is 3-6 h[1]. Our results do not support 
this time interval. For type 1 we found an early first peak 
after 1 h, followed by a short fall phase. The second rise 
started at 6 h. This could mean that sampling at 3-6 h 
might be less optimal than sampling earlier. In type 5 MI 
the maximum level was at 72 h. Since we did not include 

any time points after 72 h, we do not know whether 
this is a peak level or that Tn will rise further. This could 
mean that Tn should be monitored for more than 72 h 
postoperatively. 

Only one study fulfilled the inclusion criteria focused 
on type 4 MI. We were therefore unable to analyze the 
typical rise and fall of Tn after type 4 MI. A review that 
focused on creatine-kinase M band (CK-MB) in type 4 
MI found high levels of CK-MB with a CK-MB level above 
10 × URL in 24% of the patients[8].

We found a very large mean peak level of Tn after 
successful reperfusion in acute MI at 6 h (1853), which 
is due to one study using a TnI-ultra test in combination 
with a low cut off level (0.04 μg/L)[9]. It is known that 
the high sensitive tests require a more pronounced 
change for the diagnosis MI. While the third universal 
definition defines a 20% change as significant[1], a rise 
of > 100% is needed for the high sensitive Tn test[10]. A 
different cut off level may also be needed for the high-
sensitive tests.

This study has several limitations. First, our analysis 
of the typical rise and fall of Tn is not based on pooling 
individual patient data from different studies, which 
would allow for modeling entire biomarker trajectories, 
but on pooled estimates at different time points used 
in different studies. To take this into account we 
refrained from connecting estimates over time. It should 
however be noted that using individual patient data 
would be complex as well, given that the studies use 
a variety of time points; furthermore, the CIs around 
the pooled estimates are small, so it is rather unlikely 
that in a substantial number of patients the Tn pattern 
would be different. Second, we standardized the Tn 
levels preferentially by using the 99th percentile of Tn. 
However, the procedure of obtaining a 99th percentile of 
Tn tests is not uniform[11]. This could result in incorrect 
standardization and thus restriction of the generalizability. 
In addition, when the 99th percentile was not available 
we used the cutoff level. The argumentation for the 
chosen cutoff level was not always clear. However, the 
effect of this limitation seems minimal as it may affect 
the absolute levels of the standardized Tn, but not the 
Tn rise or fall. Third, the different studies used different 
criteria to define the baseline time point (0:00 h). These 
differences were more pronounced in type 1 MI than in 
type 5 MI articles. This makes the results of type 1 more 
difficult to interpret. Fourth, we only included studies that 
focused primarily on Tn levels during MI. This limited the 
number of included studies. However, the focus of this 
review was the typical rise and fall of Tn. The excluded 
studies measured Tn for a different purpose; the timing 
of the blood sampling and inclusion of the patients was 
therefore probably not optimal to evaluate the typical 
rise and fall of Tn. Fourth, Tn levels can be influenced 
by several patient related factors. For instance, impaired 
renal function is associated with higher Tn levels. 
Insufficient patient specific data was available to correct 
for such patient related factors. However, these factors 
are likely affecting the absolute levels of Tn and not the 

Ref.  1 2 3 4 5 6 7

Type 1: Spontaneous MI
Aldous et al[12] + ? - + + ? -
Aldous et al[13] + + + + + ? ?
al-Harbi et al[14] + ? + + + ? ?
Apple et al[15] + + + + + ? ?
Bahrmann et al[16] + + - + - ? +
Bertinchant et al[17] + + + + + ? ?
Biener et al[18] + + + + + ? ?
Bjurman et al[19] + + ? + + - ?
de Winter et al[20] + - + + + ? +
Falahati et al[21] + + ? + + ? ?
Haaf et al[22] + + - + + ? +
Lucia et al[23] + - ? + + ? ?
Mohler et al[24] + + + + + ? ?
Mueller et al[25] + + + + + ? ?
Reichlin et al[26] + + - + + ? ?
Reichlin et al[27] + + + + + + +
Wu[28] + + + + + ? ?
Successful reperfusion during acute MI
Abe et al[29] - + - + - ? -
Apple et al[30] ? ? - ? ? ? ?
Ferraro et al[9] - ? + + - - ?
Ferraro et al[31] + - ? + + ? ?
Mair et al[32] + + + + + ? -
Ricchiuti et al[33] + + + + ? ? ?
Tanasijevic et al[34] ? ? ? - ? - ?
Tanasijevic et al[35] - - - ? - + ?
Type 4: MI associated with percutaneous coronary intervention
Reimers et al[36] - + + + ? ? ?
Type 5: MI associated with coronary artery bypass grafting
Abdel Aziz et al[37] + - + + - ? ?
Alyanakian et al[38] + + + + - ? ?
Benoit et al[39] + + + + - ? ?
Fellahi et al[40] + - + + - ? +
Katus et al[41] + - + + - ? ?
Lim et al[42] + + + + - + +
Mair et al[43] - + + + + ? ?
Thielmann et al[44] + + + + + ? ?
Thielmann et al[45] + + + + + ? ?

Table 2  Quality of the included articles based on a modified 
QUADAS tool

MI: Myocardial infarction. 1: Representativeness of the spectrum; 2: 
Acceptable reference standard; 3: Acceptable delay between tests; 4: 
Partial verification avoided; 5: Relevant clinical; 6: Uninterpretable results 
reported; 7: Withdrawals explained information.
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shape of the rise-and-fall curve. Finally, we did not scan 
the reference lists or related studies identified by Medline 
from the retrieved studies, nor did we hand-search topic 
specific journals or conference proceedings. However, 
our study was not a systematic review focusing on 
diagnostic accuracy or a therapeutic effect, but merely on 
the kinetics of Tn. Since only studies that focused on the 
kinetics of Tn were included we considered that the risk 
of publication bias was low.

The results of this systematic review give insight in 
the typical rise and fall of Tn in different types of MI. This 
systematic review is a first step in understanding the 
similarities and differences in the Tn kinetics between the 
different types of MI. The different types of MI each seem 
to result in a unique rise and fall pattern of Tn. In the 
future this may allow for optimization of the diagnostic 
criteria per type of MI. Potentially, understanding the 
kinetics of Tn can also help in monitoring treatment effec
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Figure 3  The pooled mean with confidence interval of standardized troponin for the different time points for successful reperfusion after acute myocardial 
infarction. The number of articles per time point with a conventional Tn test/the number of articles with a HS-Tn test, and the number of test values (conventional Tn 
tests/HS-tests) are shown below the graph. Tn: Troponin; HS: High sensitive.
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tiveness.

COMMENTS
Background
An important diagnostic tool for diagnosing myocardial infarction (MI) is monitoring 
for dynamic cardiac troponin (Tn) levels. Tn levels are expected to rise and fall 
in MI. However, the exact shape of the Tn curve in MI is unknown. It is also 
unknown whether the shape of this curve differs for different types of MI. The aim 
of this systematic review was to identify the typical shape of the rise and fall curve 
of Tn following the different types of MI.

Research frontiers
The use of Tn in diagnosing the different types of MI was described by Thygesen 
et al in 2012. For every type of of MI a cut off level and/or the minimum required 
change in Tn level is suggested for the diagnoses of that particular MI. 

Innovations and breakthroughs
An extensive systematic search was conducted to identify all articles concerning 
the kinetics of Tn in MI type 1, type 4 and type 5. Articles were screened for 
eligibility and data was extracted in a standardized matter independently by two 
of the authors. The Tn levels were standardized using the 99th percentile and a 
pooled mean with 95%CI was calculated for analysis of the results.

Applications
This review suggests that there are important differences in the kinetics of Tn 
in the different types of MI. Understanding these differences is important for 
optimizing the diagnostic criteria for these unique types of MI.

Terminology
Myocardial ischemia resulting in myocardial necrosis is called MI. In addition 
to type 1 spontaneous MI related to atherosclerotic plaque rupture, type 4 MI 
related to percutaneous coronary intervention and type 5 MI related to coronary 
artery bypass grafting are classified as distinct types of MI. Cardiac Tn is a 
sensitive and specific biomarker for myocardial ischemia.

Peer-review
In this systematic review, the authors presented an overview of the typical rise 
and fall of Tn stratified for the different types of MI.
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