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Introduction: Presence of chronic low grade inflammation has often been implicated in the etiology of
atrial fibrillation (AF). Whether pre-existing inflammatory state promotes AF or initiation of AF activates
inflammation is a dilemma among clinicians. This study investigates the role of high sensitive C reactive
protein (hs-CRP) and interleukin 6 (IL-6) in AF with rheumatic mitral stenosis (Rh-MS) as markers of
chronic inflammation.
Methods: This case control cohort included sixty five (n =65) Rh-MS patients having other valve lesions as
trivial to mild. Out of them twenty nine (n =29; group C) had baseline AF and rest were normal sinus
rhythm (NSR). A 24h holter recording was done in NSR patients to diagnose paroxysmal AF/
tachyarrhythmia forming group B (n =12) and not having any tachyarrhythmia were designated as NSR;
group A (n=24).
Results: hs-CRP and IL6 showed statistically significant increase in group C (permanent AF) compared to
group A (95% CI: 4.2–0.9, p = 0.007; 95% CI: 1.2–0.89; p =0.05 respectively), while it was non significant
between group A and group B (p >0.05). A weak positive correlation was observed with hs-CRP and left
atrial volume index (LAVi) (r = 0.45, p = 0.06) in AF group as compared to NSR group. 68.2% of patients in
AF group (27/41) had moderate to severe spontaneous echo contrast (SEC) as compared to 37.5% (10/24)
in NSR group.
Conclusion: Increased hs-CRP and IL-6 levels in the paroxysmal and permanent AF group may favour the
hypothesis that low grade chronic inflammation could be the cause of atrial fibrillation than a
consequence.
© 2016 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The alarming prevalence to 2.2/1000 population of rheumatic
heart disease (RHD) continues to be a serious health burden in
developing countries like India,1 fuelling interest in clinicians and
researchers to study its epidemiology, pathogenesis and preven-
tion.2 The clinical events leading to atrial fibrillation (AF) are
multiple which include hemodynamic, electrophysiological and
metabolic abnormalities, in addendumwith genetic factors.3,4 The
dogma of inflammation is in quest since a decade whether
initiation of AF activates inflammatory effects or the presence of
pre-existing inflammatory state promotes persistence of atrial
arrhythmias. It has been cited that low grade inflammation is not
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only a response to the underlying arrhythmic process but also an
integral part of it .5,6

Biomarkers act as surrogate markers in understanding the
biological, pathogenesis, clinical states of a disease in response to
an intervention or identifying patients at high risk.7 Inflammatory
biomarkers could potentially refine clinical risk stratification for
stroke and thromboembolism. The association of inflammation
with non rheumatic AF has been demonstrated in recent studies
with significantly raised high sensitive C reactive protein (hs-CRP)
and interleukin (IL)6 in both paroxysmal and permanent AF with
marked inflammatory infiltrates and myocyte necrosis in atrial
biopsies.8 It was observed that CRP was two-fold higher in AF
patients when compared with control group having no history of
atrial arrhythmia.9

The role of biomarkers in chronic low grade inflammation in
atrial fibrillation in rheumaticmitral stenosis (Rh-MS) has not been
addressed. Themechanism of this chronic process is debatable and
is thought to be due to a continuing low-grade rheumatic process
or due to hemodynamic stresses on the damaged valve.10,11 The
objectives of this research were a) to investigate the role of
inflammatory cytokines– hs-CRP and IL-6 in isolated Rh-MS and
their association with atrial fibrillation; b) to detect episodes of
atrial arrhythmias in patients of Rh-MS in normal sinus rhythm
(NSR) and their association with chronic inflammation.

2. Methods

This prospective observational case control study included
patients with isolated Rh-MS with other valve lesions as trivial to
mild (except tricuspid regurgitationwithout organic involvement).
Patients of either sex, between 18 and 45 yearswere recruited from

the cardiology clinics of the institute over a period of one year. Age
matched patient’s relatives or local hospital and community
dwellers formed healthy controls. Patients with known supraven-
tricular tachyarrhythmias with left ventricular ejection fraction
(LVEF) <50%, coronary artery disease, recent cerebro-vascular
accident within 3months), hyperthyroidism, diabetes mellitus,
fasting blood sugar >126mg/dl or on drugs/insulin), obesity – body
mas index (BMI) >30, acute or chronic infections, malignancy, liver
dysfunction, major surgical procedure in the last 3 months and
renal failure (creatinine> 2.5 or on dialysis) were excluded. The
study had ethics committee approval and written informed
consent was obtained from all eligible patients prior to recruit-
ment. Baseline demographic data, prior medications, clinically
relevant history and examinationwas performed in all patients. All
patients underwent routine hematological, biochemical and
cardiac investigations like echocardiography (ECG) and doppler.

2.1. Echocardiographic evaluation

Echocardiography was performed on Philips IE 33(Philips
Ultrasound, Bothell, WA) machine. Mitral valve area (MVA) was
calculated by pressure half time (PHT) as well as by 2D planimetry.
Lowest of the two was taken as actual MVA. Patients with mitral
valve area<1 cm2 were classified as severe MS, between 1.0–
1.5 cm2 as moderate and between 1.5–2.0 cm2 as mild MS.

2.2. Measuring LA size

Left atrium (LA) end-systolic diameter was measured in the
parasternal long axis and apical 4-chamber view inM-mode at end
systole. Antero-posterior, medio-lateral and apico-basal diameters
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Fig. 1. Flow chart depicting the study design.
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of the left atrium were used to calculate its volume in milliliters
(ml) with the ellipse method (the product of these three
dimensions is further multiplied with the constant value 0.523).
The LA volume was then indexed to body surface area and
represented as ml/m2.

2.3. Spontanoeus echo contrast (SEC) and thrombi

The presence of thrombuswas diagnosedwhen an intracavitary
echo-dense mass with an echocardiographic appearance different
from the atrial endocardium and the pectinate muscles was
detected in atleast two orthogonal views. The presence of SEC was
diagnosed when dynamic and swirling intracavitary smoke-like
echoes were detected, which were differentiated fromwhite noise
artifact by their characteristic swirling pattern and by careful
attention to the gain settings. The severity of SEC was scored as,
0 =no SEC, grade 1 + =mild SEC at some part of LA, grade
2 + = severe swirling SEC that appeared throughout LA. The same
grading was used for SEC in the right atrial cavity.12

2.4. Holter analysis

Patients in normal sinus rhythm were put on 24h holter
monitoring for paroxysmal atrial tachycardia, paroxysmal atrial
fibrillation, flutter and multifocal atrial tachycardia. The duration,
number of episodes and ventricular rate of each tachycardia
episode were carefully measured.

3. Blood sample collection

10ml venous blood sample was obtained for quantitative
measurement of hs-CRP and IL-6 levels from all patients. The
samples were allowed to clot, serum separated and stored at less
than �80 � Celsius. The relevant markers were measured by
standard ELISA kits, hs-CRP (BioCheck, Inc. Foster City) and IL-6
(Quantikine R&D systems, Minneapolis) according to the manu-
facturer’s instructions. ELISAwas performed and absorbance taken
at 450nm wavelength The plate had starting wells with 6–8

standards with high to low concentrations decreasing in dupli-
cates, wells for quality control both for samples and duplicates.
Standard curve was made with absorbance on Y axis vs
concentration on X axis. A Quality control was run to check the
validity of the measurements.

4. Statistical analysis

SPSS statistics version 17(SPSS Inc, ILL) was used for analysis,
differences between mean values were analyzed by Student’s
unpaired t-test for those with a normal distribution and by Mann–
Whitney U test for those without a normal distribution. To
compare proportions chi-square test/fisher exact test were used. A
two tailed p value of�0.05 was considered statistically significant
with 95% confidence interval (CI). Mean and standard deviation
(SD) was calculated for all values.

5. Results

All prospective eligible patients were screened, out of which
eighty five (n =85) patients and ten (n =10) age matched healthy
controls were recruited, whereas sixty five patients (n = 65) were
included in the final analysis (Fig. 1). Mean age� SD for all patients
was 33.8�8.1 years with M:F = 1:1.3. Out of these patients, thirty
six (n = 36) subjects had NSR on ecg strip and twenty nine (n = 29)
patientswere diagnosedwith AFwithout Pwaves. Themeanmitral
valve area in all patientswas 0.765�0.19 cm2with amean gradient
of 13.15�4.4mmHg indicating that moderate to severe mitral
stenosis patients were studied (Table 1). The meanWilkin score in
all patients was 8.92 indicating significant valvular calcification
with reduced mobility of the leaflets. The thickening of leaflet
tissuewasmore than 8–10mm (normal thickness is between 4 and
5mm)

5.1. Holter analysis for rhythm

Thirty six (n = 36) patients in normal sinus rhythm were
subjected to 24h holter recording, out of which twelve patients

Table 1
Baseline characteristics of the study population.

Baseline characteristics N=65 (%)

Mean Age (years)� SD 33.83�8.026
Sex Female 40 (61.55)

Male 25 (38.5%)
Dyspnea (class) NYHA II 26 (40.0%)

NYHA III 38 (58.5%)
NYHA IV 11 (5%)

Palpitations 43 (66.2%)
TIA/Stroke 18 (27)%
Mitral valve area (cm2) 0.765�0.19 (0.4�1.3)
Mean mitral gradient (mm Hg) 13.15�4.448 (5–26)
Severity of mitral stenosis Severe 59 (90.8%)

moderate 7 (9.2%)
LA volume (ml/m2 BSA) 107.99�45.43 (47.9–258.1)
LA/LAA clot 15 (23.1%)
Spontaneous echo contrast (SEC) Present 37 (56.9%)

Grade 2 19 (29.2%)
Grade 3 18 (27.7%)

LA/LAA clot or SEC 38 (58.5%)
Rhythm Sinus 36 (55.4%)

Atrial fibrillation 29 (44.6%)
RVSP (mm Hg) 46.94�19.952 (20–130)
On Penicillin prophylaxis 65 (100%)
Oral anticoagulants Sinus (n = 36) 0

AF (n= 29) 23 (79.3%)

AF: atrial fibrillation; BSA: Body surface area; ESR: erythrocyte sedimentation rate, LA: Left atrium; LAA: left atrial appendage; LVEF: left ventricular ejection fraction, NYHA:
New York heart association, RVSP: right ventricular systolic pressure, SEC: spontaneous echo contrast; TIA: transient ischemic attack; TLC: total leucocyte count.
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(n =12) had paroxysmal atrial tachyarrhythmias. 9 patients of
these had cumulative 59 episodes of AF with mean duration of
5.27�4.1 s, while others had cumulative 15 episodes of ectopic
atrial tachycardia with mean duration of 3.2�2.36 s. Isolated
supraventricular ectopics (SVE) were encountered in 31 patients
(86.1%) with six patients having frequent SVE>10/hour, while
supraventricular couplets were seen in 3 patients (8.3%) (Table 2)
Two patients had both episodes of atrial fibrillation and ectopic
atrial tachycardia, so total of 12 patients had atrial tachyarrhyth-
mias (9 +5�2).

5.2. Inter group comparisons

After the holter analysis three groupswere created. Patients not
having any tachyarrhythmia on holter recording with NSR was
designated as group A (n =24). Those patients which showed
paroxysmal arrhythmia (paroxysmal AF, atrial tachycardia) on
holter analysis were designated as group B (n = 12), while patients
with permanent/baseline atrial fibrillation at the time of recruit-
ment formed group C (n = 29). The baseline characteristics along
with biomarker levels in all three groups are shown in Table 3.

5.3. Biomarker levels across various groups

The lowest limit of detection for hs-CRP was 0.01mg/L, >3mg/L
was designated as highwith upper cut off detection limit as 10mg/
L. One way analysis of variance across the three groups was
statistically significant (F = 4.9, p = 0.009) for hs-CRP. Post hoc
analysis was later performed with hs-CRP of 2.093�1.2mg/L
(mean� SD) in healthy population while in group A, group B and
group C as 2.67�1.3mg/L, 2.09�1.2 and 5.08�1.3mg/L respec-
tively. Group C showed significantly high hs-CRP when compared
with groupA (95% CI; 4.2 to 0.69, p =0.007) and group B (95% CI: 5.4
to 0.54, p = 0.017) (Fig. 2). It was significantly high in permanent AF
(groupC) compared to healthy controls (95% CI: �3.94 to �2.04,
p = 0.001), whereas group A and group B did not show any
significant difference (p<0.05).

IL-6 had minimum sensitivity of 0.7 pg/ml with group C with
significantly high levels (mean 5.41�1.4 pg/ml) as compared to
healthy controls (p = 0.005). It was also observed that the marker
was statistically significant between group C and group A (95% CI;
1.2 to 0.89; p =0.05) & group B and group C (95% CI: 1.13 to 3.76,
p = 0.005) but non significant (p > 0.05) between group A (mean
1.403�1.6 pg/ml) and B (mean 2.98�1.7 pg/ml) (Fig. 2).

5.4. Correlation of hs-CRP with left atrial volume index (LAVi)

LAVi was statistically high in group C with a mean volume of
131.2�51.4ml/m2 to that of 85.1�23.5ml/m2 in group A (95% CI:
57.5 to 32.2, p = 0.002) and 97.5�15.3ml/m2 in group B (95% CI:
64.4 to 2.9; p = 0.03). A weak positive correlation was observed
with hs-CRP and LAVi (r = 0.45, p =0.06) in group C as compared to
group A (Fig. 3).

5.5. Correlation between IL6 and hs-CRP values

hs-CRP values mirrored with IL 6 values in all patients in group
B & C with consistent positive correlation between the two
(r = 0.89, p =0.01). All patients had a graded increase in hs-CRP
values with a high hs-CRP of 10mg/L corresponding to a high IL6 of
30pg/ml.

5.6. Correlation of inflammatory markers to SEC

We observed that 68.2% of patients in group C (27/41) had
moderate to severe SEC contrast through out LA as compared to
37.5% (10/24) in group A. Patients in group C (baseline AF) with SEC
grade 3 had mean hs-CRP and IL6 of 4.47�1.3mg/L and
4.09�1.2 pg/ml (r = 0.55, 95% CI; 3.6–2.3, p = 0.06), as compared
to 1.34�0.4mg/L and 1.72�0.07pg/ml in group A. Receiver
operating curve (ROC) curve was drawn to evaluate the usefulness
of hs-CRP in predicting the occurrence of thrombogenicity. It had a
sensitivity of 58%with a cut off of 2.3mg/L, area under curve C-0.68,
(95% CI�0.95–0.42) (Fig. 4).

6. Discussion

The study reflects the importance of inflammation in rheumatic
AF with hs-CRP and IL-6 being significantly high suggesting that
chronic inflammation is linked to AF and may contribute to atrial
fibrosis and dilatation of the left atrium.13,8

A recent metanalysis revealed that hs-CRP is an independent
predictor of AF recurrence after cardioversion (OR: 3.33; 95% CI
2.10–5.28) and another study showed significantly high CRP in
paroxysmal arrhythmia group than normal sinus rhythm (95% CI;
1.1–17.5, p = 0.043) in rheumatic mitral stenosis.14 Our study also
showed similar results with a significantly high hs-CRP in baseline
AF as compared to paroxysmal AF subgroups ingeminating the
hypothesis that this protein plays a cardinal role in promoting and
maintenance of AF via atrial structural remodeling.15

High plasma IL-6 levels has been correlated with the presence
and duration of AF and increased left atrial diameter. In a cross
sectional analysis of 971 participants in the Heart Soul Study,16 IL-6
was the only biomarker significantly associated with AF (median
IL-6 3.76 and 2.52pg/ml in thosewith andwithout AF, respectively,
p = 0.0005; OR=1.77, p =0.032). The IL-6/174CC genotype was
significantly associated with the presence of AF in the adjusted
analysis (odds ratio 2.34, p =0.04) without any elevation in hs-
CRP.17 In the present study, there was a graded rise in the
biomarker levels suggesting that chronic inflammation is associ-
ated with development of atrial fibrillation.

Blood rheology, endothelial dysfunction, procoagulation, plate-
let activation and increased fibrinolytic activity may confer a
prothrombotic environment in AF. The increased risk of stroke and
thromboembolism after AF has been postulated due to prothrom-
botic or hypercoagulable states.18 Fourteen patients in permanent
AF group, 2 each in NSR and paroxysmal AF group had stroke

Table 2
Holter analysis in 36 NSR patients.

N= 36 N% Number of episodes Duration (seconds)

Isolated SVE 31 86.1% NA NA
SV couplets 3 8.3% NA NA
SVE (>10/h) 6 16.7% NA NA
Atrial fibrillation 9 25% 59 5.27�4.10 (1.8–15)
Ectopic atrial tachycardia 5 13.89% 15 3.2�2.36 (1.3–7)
Atrial flutter 0 0 NA NA
Any atrial arrhythmia 12 33.33% 74 4.7�3.8(1.3–15)

NA: Not applicable; NSR: Normal sinus rhythm; SV: supraventricular; SVE: supra-ventricular ectopic.
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suggesting that valvular AF may carry a higher risk for
thromboembolic events than does non-valvular AF. Previous
studies reported an apparent link between thrombogenesis
associated with fibrinogen and plasma viscosity in AF in which
increased CRP is associated with an increased risk of SEC and
vascular events.19 Contrarily, some recent studies20 did not show a
significant correlation of SEC and LA clot with MMP-9, galactin 3 &
hs-CRP. We observed a mild positive correlation with hs-CRP and
LAVi (p = 0.06, r = 0.55) in atrial fibrillation which suggests that
there is an association of hs-CRP with atrial structural remodeling.

Our study was non-conclusive of any association of IL6 and hs-
CRP with thrombogenicity (r = 0.55, 95%CI; 3.6 to 2.3, p =0.06)
which is also evidenced by a recent study.21 hs-CRP was found to
predict the occurrence of thrombi with a sensitivity of 58% & a cut
off of 2.3mg/L, area under curve C-0.68, (95% CI�0.95 to 0.42). Out
of the two biomarkers, IL6 did not showany correlation (Fig. 4). It is

also proven that the occurrence of spontaneous contrast not only
depends on slow flow, but is also related to the hematocrit levels
but we did not observe any discrepancy in these levels in our
patients. A study by Li et al. investigated the role of inflammatory
and oxidative stress biomarkers in lone and typical AF patients.
They found significant increase of hs-CRP & IL6 without any
increase in isoprostranes explaining strong correlation between
inflammation and AF.22

We chose isolated rheumaticmitral stenosiswithout significant
involvement of other valves, to avoid confounding factors as
significantMR patients tend to have large LA size and patients with
significant aortic valve lesions are more likely to have ventricular
hypertrophy and LV dysfunction, all being independent risk factors
for atrial fibrillation. Our study group comprised of relatively
younger patients (mean 33.8 years) without risk factors like
hypertension, diabetes, coronary artery disease, left ventricular

Table 3
Intergroup analysis (with p values) of demographics, echocardiographic and laboratory measurements (hs-CRP and IL6) .

Characteristics Group A (n=24) Group B (n= 12) Group C (n= 29) p (group A vs group B) p (group A vs group C)

N (%) N (%) N (%)

Age (years) 30.17�7.57 31.50�7.77 37.83�6.79 p=0.62 p<0.0001
Dyspnea (class) NYHA II 14 (58.3%) 4 (33.3%) 8 (27.6%) p = 0.29 p=0.06

NYHA III 10 (41.7%) 8 (66.7%) 20 (69%)
NYHA IV 0 0 1 (3.4%)

TIA/Stroke 2 (8.3%) 2 (16.7%) 14 (48.3%) p = 0.59 p=0.002

Echocardiographic measurements
Mitral valve area (cm2) 0.815�0.17 0.753�0.21 0.730�0.19 p=0.25 p=0.09
Mean mitral gradient (mm Hg) 14.75�4.60 14.08�5.31 13.07�2.40 p=0.59 p=0.15
Severity of mitral stenosis Severe 22 (91.7%) 10 (83.3%) 27 (93.1%) p = 0.59 p=1.0

moderate 2 (8.3%) 2 (16.7%) 2 (6.9%)
LAVi (ml/m2) 85.13�23.5 97.59�15.3 131.21�51.4 p= 0.06 p<0.0001
Spontaneous echo contrast (SEC) Present 10 (41.7%) 7 (58.4%) 20 (68.9%) p = 0.64 p=0.03

Grade 2 7 (29.2%) 5 (41.7%) 7 (24.1%)
Grade 3 3 (12.5%) 2 (16.7%) 13 (44.8%)

LA/LAA clot or SEC 10 (41.7%) 7 (58.4%) 21 (72.4%) p = 0.49 p=0.02
LVEF (%) 61.04�2.69 60.17�2.48 58.03�9.29 p=0.41 p=0.35

Laboratory measurements
Mean IL 6 (pg/ml) 1.403�1.61 2.98�1.75 5.413�1.45 p=0.56 p=0.05
Mean hs-CRP (mg/L) 2.67�1.32 2.09�1.25 5.08�1.31 p=0.88 p=0.007
TLC (/mm3) 7758.3�1689.6 7108�1728.1 7327.6�2037.5 p= 0.29 p=0.32
ESR (mm at 1 h) 13.13�5.11 12.17�2.52 13.24�5.761 p=0.79 p=0.44

AF: atrial fibrillation; BSA: Body surface area; ESR: erythrocyte sedimentation rate, hs-CRP: high sensitive C reactive protein; IL-6: interleukin 6; LA: Left atrium; LAA: left
atrial appendage; LAVi: left atrial ventricular index; LVEF: left ventricular ejection fraction,MVA:mitral valve area; NYHA: New York heart association, RVSP: right ventricular
systolic pressure, SEC: spontaneous echo contrast; TIA: transient ischemic attack; TLC: total leucocyte count.

[(Fig._2)TD$FIG]

Fig. 2. hs-CRP (mg/L) and IL6 (pg/ml) levels in healthy controls and arrhythmia. Hs-CRPwas found to be significantly raised in baseline AF (groupC) comparedwithNSR group
A (p = 0.007) and healthy controls (p<0.05). IL6 showed graded increase in all patient groups (p = 0.05 between group A and C).
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hypertrophy and renal dysfunction, which are associated with
generalized vascular inflammation and endothelial dysfunction.
Non-valvular atrial fibrillation patients are associated with more
widespread vascular inflammatory processes and platelet activa-
tion unlike patients of our cohort, in which the culprit source of
inflammation seems left atrium without any significant vascular
endothelial source. Liuba et al10 showed that patients with
permanent AF had higher plasma levels of IL-8 in the samples
from the femoral vein, right atrium, and coronary sinus than in the
samples from the pulmonary veins, suggesting that a possible
source of inflammation exists in the systemic circulation.

Continuing the debate whether chronic inflammation is the
cause of atrial fibrillation or the arrhythmia itself leads to an
increase in biomarkers-“the hen and egg” effect,23 we observed a
graded rise in levels of hs-CRP and IL-6 in baseline AF group as
compared to the paroxysmal arrhythmia and normal sinus group
suggesting that inflammation may be the cause of atrial arrhyth-
mia, as short duration arrhythmic events are unlikely to cause rise
in level of inflammatory biomarkers.20

6.1. Study limitation

A relatively small sample size, single time biomarker estimation
and a non-randomized group with a very small subset of patients
with paroxysmal arrhythmia. The study suggests the possibility of
anti inflammatory therapy reducing the recurrence of AF and thus
opening the doors for further investigation, preferentially drugs
less burdened with potential serious side effects such as with
statins and glucocorticoids.24 The observations of this paper are
restricted to hs-CRP and IL6 although other biomarkers like hs-
troponin I and CD40 are being planned in future. Future studies
would reckon prognostic information along with clinical risk
scoring for long term cardiovascular events and death.

7. Conclusion

Serumproteonomic biomarkersmayact as complementary tool
for diagnosis, in prognostication and therapeutic monitoring of
novel treatments in rheumatic atrial fibrillation. This study showed
a link between chronic inflammatory processes and the develop-
ment of AF in patients with rheumatic heart disease and mitral
Stenosis, through upregulation of inflammatory markers like hs-
CRP and IL6.25,26 Increased hs-CRP and IL-6 levels in the
paroxysmal and permanent AF group may favour the hypothesis
that low grade chronic inflammation could be the cause of atrial
fibrillation rather than the consequence. Despite similar severity of
mitral stenosis, atrial arrhythmiaswere not present in all andwhen
present, was associated with raised inflammatory markers i.e., hs-
CRP and IL6. The elevation of inflammatorymarkers is proportional
to the burden of atrial tachycardia.

[(Fig._3)TD$FIG]

Fig. 3. Correlation of hs-CRP to LAVi in NSR and arrhythmia group. A weak positive correlation was observed with hs-CRP and LAVi (r = 0.55, p = 0.06) in AF patients.

[(Fig._4)TD$FIG]

Fig. 4. ROC curve showing hs-CRP predicting thrombogenicity (cut off of 2.3mg/L)
with a sensitivity of 58%, area under curve C-0.68, (95% CI�0.95–0.42).
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