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Objective: To investigate the relation between serum high sensitivity (hs) C reactive protein (CRP),
proinflammatory cytokine concentrations, proinflammatory to anti-inflammatory cytokine ratios and long-
term prognosis in patients with non-ST elevation acute coronary syndrome (NSTEACS).
Design: Prospective follow-up study for the first six months and then for the first year after admission to hospital.
Setting: Tertiary referral centre.
Patients: 80 patients (60 men, 20 women, mean age 60 (SD 10) years) with NSTEACS and moderate to
high TIMI (Thrombolysis In Myocardial Infarction) risk scores.
Interventions: Blood samples from patients with NSTEACS were obtained at the time of admission. Serum
concentrations of hs-CRP, (hs) pro-inflammatory (interleukin (IL) -1b, IL-6, tumour necrosis factor a) and (hs)
anti-inflammatory (IL-10) cytokines were analysed and proinflammatory to anti-inflammatory cytokine ratios
were calculated by dividing proinflammatory cytokine concentrations by anti-inflammatory cytokine IL-10.
Main outcome measure: The primary end point of the study was new coronary events (NCE) defined as
the combination of cardiac death, non-fatal myocardial infarction and recurrent rest angina that required
hospitalisation within 12 months of follow up.
Results: During the one-year follow-up period, 23 patients (29%) met the NCE criteria. Concentrations of
hs-CRP, IL-1b and IL-6 and ratios of IL-1b:IL-10 and IL-6:IL-10 were significantly higher in patients with
NCE than in patients without NCE. In the logistic regression analysis, IL-6:IL-10 ratio was the most
important predictor for NCE (p = 0.006) with an odds ratio of 2.24 (95% CI 1.26 to 3.97).
Conclusions: Cytokine concentrations and proinflammatory to anti-inflammatory cytokine ratios may be
useful markers for predicting vascular risk in patients with NSTEACS.

A
therosclerosis is an inflammatory process and inflam-
mation has a triggering effect in the thrombotic phase
as in all stages of the disease.1 2 Current evidence

suggests that high sensitivity (hs) inflammatory markers
may predict vascular risk.3–5 However, these markers have not
been used previously in the risk stratification models of
current guidelines for non-ST elevation acute coronary
syndrome (NSTEACS).6 The major vascular risk marker
C-reactive protein (CRP), proinflammatory cytokines such
as interleukin (IL) -1b, IL-6, tumour necrosis factor (TNF) a,
and the anti-inflammatory cytokine IL-10 have been detected
in human atherosclerotic plaques.7–11 The balance between
proinflammatory and anti-inflammatory cytokines may
reflect the intensity of occult plaque inflammation and the
vulnerability to rupture.12 Proinflammatory to anti-inflam-
matory cytokine ratios can signal the balance between
proinflammatory and anti-inflammatory forces and may
predict vascular risk in NSTEACS. The objective of this study
was to investigate the long-term prognostic value of hs-
inflammatory cytokines and proinflammatory to anti-inflam-
matory cytokine ratios in patients with NSTEACS and
moderate to high TIMI (Thrombolysis In Myocardial
Infarction) risk scores.13

METHODS
Patients
The study group consisted of 80 patients (60 men, 20 women,
mean age 60 (SD 10) years) with NSTEACS (Braunwald class

IIIB unstable angina pectoris and non-ST elevation myocar-
dial infarction (MI)) who were admitted to our centre from
August 2002 to August 2003. TIMI risk score was calculated
and patients with a risk score > 3 were included to the study.
Exclusion criteria were active infection, neoplastic disease,
loss of consciousness, pregnancy, chronic renal disease
(creatinine . 133 mmol/l), degenerative or rheumatic valvu-
lar disease, prior valvular or any other prosthetic material or
intracardiac defibrillator replacement, MI or revascularisa-
tion in the preceding six months and prior surgical
intervention in the preceding six months.

Angiographic analysis and revascularisation
procedure
All patients underwent an early invasive strategy after 24–
48 h of standard medical treatment. Coronary angiography
was performed according to the Judkins technique, and
images of the coronary tree were obtained in routine,
standardised projections in all patients. Significant coronary
artery disease was defined as a stenosis > 50% in the main
coronary artery or in one of its branches. According to the
coronary anatomy, angioplasty and coronary stenting were

Abbreviations: CRP, C-reactive protein; hs, high sensitivity; IL,
interleukin; MI, myocardial infarction; NCE, new coronary events;
NSTEACS, non-ST elevation acute coronary syndrome; ROC, receiver
operating characteristic; TIMI, Thrombolysis In Myocardial Infarction;
TNFa, tumour necrosis factor a
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chosen as the primary revascularisation strategies. Patients
with unprotected left main disease or diffuse three-vessel
disease were scheduled for urgent coronary artery bypass
grafting.

Laboratory analysis
Venous blood samples for hs-CRP and cytokine analysis were
taken on admission. After samples were centrifuged and
aliquoted, serum and plasma specimens were frozen and
stored at 270 C̊ until analysis. Serum hs-CRP concentrations
were measured with a chemiluminescent enzyme immuno-
metric assay in an IMMULITE One analyser. Cytokine
concentrations (IL-1b, IL-6, TNFa and IL-10) were measured
in serum with an hs quantitative sandwich enzyme immu-
noassay (Quantikine HS; R&D Systems Inc, Minneapolis,
Minnesota, USA). The minimum detectable doses of human
inflammatory and anti-inflammatory cytokines were as
follows: IL-1b , 0.1 pg/ml, IL-6 ranging from 0.016–
0.110 pg/ml (mean minimum detectable dose 0.09 pg/ml),
TNFa ranging from 0.06–0.32 pg/ml (mean minimum detect-
able dose 0.12 pg/ml) and IL-10 , 0.5 pg/ml. The intra-assay
and interassay precision of the all cytokine assays in the
study was , 10%.

Bedside quantitative measurements of troponin I, creatine
kinase MB fraction and myoglobin concentrations were
analysed with a Triage Cardiac Panel (Biosite Diagnostics).
A haemogram, electrolyte concentrations, glucose, urea,
creatinine, uric acid, lipid profile and all other biochemistry
measurements were carried out by the analytical unit of the
Biochemistry Department of our institution by standard
methods.

Follow up
The patients were followed up for events occurring during the
first six months and then during the first year. The primary
end point of the study was new coronary events (NCE),
which were defined as the combination of cardiac death,
non-fatal MI and recurrent proven rest angina that required
hospitalisation. Recurrent rest angina that required rehospi-
talisation was defined as chest pain at rest lasting > 5 min
with new transient ST-T ECG changes after hospital
discharge. The study was approved by the local ethics
committee, and all patients gave written informed consent
to participate.

Statistical analysis
SPSS V.11.5 software (SPSS Inc, Chicago, Illinois, USA) was
used for statistical analysis of the study. Results are presented
as mean (SD) or as percentages and numbers for categorical
data. Normality tests were used for all variables. In the
comparison between patients with and those without NCE,
continuous variables that were normally distributed were
analysed with the two-tailed t test and unequally distributed
variables were analysed with the Mann–Whitney U test.
Categorical data and proportions were analysed with the x2

or Fisher’s exact test where appropriate.
hs-CRP, IL-1b, TNFa, hs-IL-6 and hs-IL-10 concentrations

were compared between the patients with and those without
NCE during the six-month and one-year follow up. The ratios
of proinflammatory cytokine concentrations to anti-inflam-
matory cytokine hs-IL-10 concentrations were calculated by
dividing proinflammatory cytokine concentrations by hs-IL-
10 concentrations, and these ratios were compared between
the two groups. For inflammatory markers and cytokine
ratios, which were significantly higher in patients with NCE,
the predictive cut-off values for determining event develop-
ment were identified by receiver operating characteristic
(ROC) curve analysis with MedCalc V.8.1.0.0 statistical
software. Inflammatory markers, cytokine ratios and other

risk factors that can be significant for development of NCE
were assessed with binary logistic regression analysis by the
forward Wald method. The resulting parameters that were
evaluated in the model were those that were significantly
different between event-positive and event-negative groups.
A value of p , 0.05 was considered significant.

RESULTS
Coronary angiography showed left main disease in four (5%),
single-vessel disease in 18 (22.5%), two-vessel disease in 28
(35%) and three-vessel disease in 22 (27.5%) patients. Four
patients (5%) had side branch disease and four patients (5%)
had no significant coronary lesions. The revascularisation
rate during hospitalisation was 79%. Twenty two patients
underwent surgical revascularisation and 41 patients under-
went percutaneous coronary intervention.

During the first six-month follow-up period, 19 NCE
developed: one death (1.3%), 18 recurrent rest angina
(22.5%) and, among these 18 patients, three non-fatal MI
(3.8% of all patients). In the second six-month period, nine
more NCE were observed, five of them in patients with NCE
in the first six-month period (one death, one non-fatal MI
and three recurrent angina) and four in previously event-free
patients (three deaths, one non-fatal MI). By the end of one
year, 23 patients had had NCE consisting of five deaths
(6.2%), four non-fatal MIs (5%) and 14 recurrent rest angina
(17.5%). Table 1 shows baseline characteristics of the patients
with and without NCE during follow up.

Demographic and predisposing risk factors, drug treatment
before and during hospitalisation, physical examination,
TIMI risk score, ST-T wave changes on ECG and ejection
fraction were similar between the two groups. All three
patients who had atrial fibrillation had NCE, which was a
significantly higher proportion than among the patients with
sinus rhythm (p = 0.01). No significant relationship was
detected between NCE and angiographic data. NCE did not

Table 1 Baseline clinical characteristics of the patients
with and without new coronary events (NCE) in one year
of follow up

Variable NCE2 (n = 57) NCE+ (n = 23) p Value

Age (years) 63 (11) 60 (10) NS
Men/women 43/14 17/6 NS
Hypertension 41 (71%) 16 (69%) NS
Dyslipidaemia 31 (54%) 14 (61%) NS
Diabetes 11 (19%) 4 (17%) NS
Previous MI 11 (19%) 5 (21%) NS
Previous PCI 5 (8.8%) 0 NS
Previous CABG 7 (12%) 3 (13%) NS
Atrial fibrillation 0 (%0) 3 (%13) 0.01
CK-MB (ng/ml) 17 (30) 9.4 (15) NS
Myoglobin (ng/ml) 196 (174) 119 (98) NS
Troponin (ng/ml) 2.3 (7.9) 0.7 (1.4) NS
Ejection fraction (%)* 55 (11) 51 (12) NS
Prior drug treatment

Statin 45 (78%) 21 (91%) NS
Aspirin 32 (56%) 14 (61%) NS
ACE inhibitor 11 (19%) 3 (13%) NS
b blocker 15 (26%) 4 (17%) NS

TIMI score NS
3 25 (44%) 6 (26%)
4 14 (24%) 8 (34%)
5 12 (21%) 8 (35%)
6 6 (10.5%) 1 (4%)

*Determined by the modified Simpson’s method with transthoracic
echocardiography.
Data are mean (SD) or number (%).
ACE, angiotensin-converting enzyme; CABG, coronary artery bypass
grafting; CK, creatine kinase; MI, myocardial infarction; PCI,
percutaneous coronary intervention; TIMI, Thrombolysis In Myocardial
Infarction.
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differ between the patients with and without revascularisa-
tion.

Inflammatory markers and cytokine ratios
Mean values of hs-inflammatory cytokines in the whole
study group were as follows: hs-CRP, 75.1 (103) mmol/l; IL-
1b, 0.83 (1.79) pg/ml; IL-6, 4.82 (3.48) pg/ml; TNFa, 10.89
(11.86) pg/ml; and IL-10, 7.97 (6.9) pg/ml. Table 2 gives
serum concentrations of hs-CRP and proinflammatory and
anti-inflammatory cytokines in patients with NCE in the first
six months and the entire year of follow up.

Serum concentrations of hs-CRP were higher in patients
with NCE during the first and second follow up periods. Like
hs-CRP, IL-1b concentrations were significantly higher in
patients with NCE than in patients without NCE in both the
first and the second follow-up periods. However, IL-6
concentrations were significantly higher in patients with
NCE during the one-year follow-up period (table 2).
Although IL-10 and TNFa concentrations did not differ
significantly between patients with and without events,
serum IL-10 concentrations were lower in patients with
NCE; this difference approached significance during the first
six-month follow up.

In the analysis of the relation between the ratio of
proinflammatory to anti-inflammatory cytokines and NCE,
the ratios of IL-1b:IL-10 and IL-6:IL-10 were significantly
higher in patients with NCE than in event-free patients
(table 3).

We used ROC curve analysis to identify the predictive cut-
off values for inflammatory risk factors, which were
significantly higher in patients with NCE. Inflammatory risk
factors and their predictive cut-off values for two follow-up
periods were as follows: hs-CRP . 78 mmol/l for the first and
. 121 mmol/l for the second follow-up period, IL-1b
. 0.12 pg/ml for the first and . 0.39 pg/ml for the second
follow-up period, IL-6 . 2.5 pg/ml for the first and . 2.3 pg/
ml for the second follow-up period, IL-1b:IL-10 . 0.02 and
IL-6:IL-10 . 1.18 for both the first and the second follow up
periods. Figure 1 shows ROC curves and area under the curve
for each marker. Table 4 shows the relation between these
inflammatory risk factors and NCE in six-month and one-
year follow-up periods. Table 5 gives the prognostic value of

specific markers for predicting NCE during the two follow-up
periods.

Although IL-6 . 2.5 pg/ml was more sensitive in predict-
ing NCE at six (84%) and 12 (91%) months, its specificity and
positive predictive value were low. When we considered IL-
6:IL-10 . 1.18, sensitivity decreased but specificity and the
positive predictive value at six (44%) and 12 months (52%)
were increased. In both the first six months and one year of
follow up, the IL-6:IL-10 ratio had the greatest area under the
curve, and this finding suggested that it may be the most
important predictor of NCE in this study population.

In the multivariate analysis adjusted for hs-CRP, IL-1b, IL-
6, IL-10, IL-1b:IL-10 ratio and IL-6:IL-10 ratio, the IL-6:IL-10
ratio was the only significant predictor of NCE during the
first six months (OR 2.2, 95% CI 1.2 to 3.9, p = 0.007) and
one year of follow up (OR 2.2, 95% CI 1.2 to 3.9, p = 0.006).

DISCUSSION
Coronary atherosclerotic plaque disruption or erosion with
consequent thrombosis is the major cause of NSTEACS.14 15

Inflammatory mediators have a major potential role in this
process, as in all stages of atherosclerosis. They are the
‘‘molecular soldiers’’ of the oxidative modifiers of lipopro-
teins in vulnerable plaque, which have been described as
‘‘molecular Trojan horses’’.16 17 As inflammation and throm-
bosis are intertwined vascular pathologies in the natural
history of atherosclerosis, hs measurements of inflammatory
markers can more accurately predict NCE as shown for hs-
CRP in several previous trials.18

In the present study serum concentrations of hs-CRP were
higher in patients with NCE. This is in agreement with many
large prospective randomised trials supporting the predictive
value of this marker for risk stratification in NSTEACS.

Previous studies reported that proinflammatory cytokine
concentrations were increased and anti-inflammatory cyto-
kine concentrations were decreased in patients with
NSTEACS.19–23 In recent years, a new concept emerged of an
imbalance between proinflammatory and anti-inflammatory
factors, in favour of the proinflammatory factors, that results
in rupture of atherosclerotic plaque.24 25 Nevertheless, no data
are available on the long-term prognostic value of proin-
flammatory to anti-inflammatory cytokine ratios in patients

Table 2 Inflammatory markers and new coronary events (NCE) in six months and one
year of follow up

Marker

0–6 months

p Value

0–1 year

p ValueNCE2 (n = 61) NCE+ (n = 19) NCE2 (n = 57) NCE+ (n = 23)

hs-CRP (mmol/l) 62 (97) 115 (106) 0.01 53 (88) 106 (106) 0.05
IL-1b (pg/ml) 0.6 (1.7) 1.2 (1.9) 0.01 0.7 (1.7) 1.1 (1.8) 0.04
IL-6 (pg/ml) 4.4 (3.4) 5.9 (3.3) 0.1 4.3 (3.4) 6.0 (0.2) 0.03
TNFa (pg/ml) 11 (13) 8.4 (8.5) 0.6 12 (13) 8.9 (8.7) 0.4
IL-10 (pg/ml) 8.7 (7.4) 5.6 (3.8) 0.08 8.5 (7.1) 6.5 (6.2) 0.1

Data are presented as mean (SD).
hs-CRP, high sensitivity C-reactive protein; IL, interleukin; TNF, tumour necrosis factor.

Table 3 Proinflammatory to anti-inflammatory cytokine ratios in patients with and
without new coronary events

Cytokine ratio

0–6 months

p Value

0–1 year

p ValueNCE2 (n = 61) NCE+ (n = 19) NCE2 (n = 57) NCE+ (n = 23)

IL-1b:IL-10 0.14 (0.4) 0.28 (0.46) 0.006 0.14 (0.41) 0.23 (0.42) 0.03
IL-6:IL-10 0.75 (0.76) 1.44 (1.12) 0.01 0.73 (0.74) 1.38 (1.08) 0.007
TNFa:IL-10 1.85 (2.25) 2.0 (1.6) 0.4 1.93 (2.3) 1.78 (1.8) 0.7

Data are mean (SD).
IL, interleukin; TNF, tumour necrosis factor.
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with NSTEACS. Most of the trials with inflammatory
cytokines in NSTEACS were comparative trials between
patients with stable angina and healthy controls.19–21 25 In
addition, hs cytokine assay methods were not used in most of
these studies and more sensitive methods possibly would
have provided more detailed prognostic information.20–23

The present study examined the predictive values of
proinflammatory and anti-inflammatory cytokines and cyto-
kine ratios for determining the long-term prognosis in
patients with NSTEACS and moderate to high TIMI risk
score. All patients included in the study underwent an early
invasive strategy according to current concepts and received

optimal drug treatment consisting of aspirin, b blockers,
angiotensin-converting enzyme inhibitors, statins and clopi-
dogrel after revascularisation. Owing to the selection criteria
at the beginning of the study, aggressive treatment of well-
established atherosclerotic risk factors and early invasive
treatment of the patients, none of the classic risk factors
(diabetes, history of coronary artery disease, troponin
concentration and TIMI score) had a predictive value for
NCE.

On the other hand, in this selected group of patients, IL-1b
and IL-6 concentrations were powerful predictors of NCE, but
TNFa concentrations and NCE were not related. However, it
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Figure 1 Receiver operating
characteristic curves of inflammatory
markers and area under the curve
during (A) the first six months and (B)
the first year of follow up. CI,
confidence interval; hs-CRP, high
sensitivity C-reactive protein; IL,
interleukin.

Table 4 Relation between inflammatory risk factors and new coronary events (NCE) during six months and one year of follow
up

Risk factor

0–6 months

p Value Risk factor

0–1 year

p ValueNCE2 (n = 61) NCE+ (n = 19) NCE2 (n = 57) NCE+ (n = 23)

CRP .78 mmol/l 12 (20%) 10 (53%) 0.005 CRP 121 mmol/l 6(11%) 9(40%) 0.003
IL-1b .0.12 pg/ml 23 (38%) 14 (74%) 0.006 IL-1b .0.39 pg/ml 14(25%) 12(53%) 0.01
IL-6 .2.5 pg/ml 36 (56%) 16 (85%) 0.02 IL-6 .2.3 pg/ml 33(58%) 21(92%) 0.004
IL-6:IL-10 .1.18 14 (23%) 11 (58%) 0,004 IL-6:IL-10 .1.18 12(21%) 13(57%) 0.002
IL-1b:IL-10 .0.02 24 (40%) 14 (74%) 0.009 IL-1b:IL-10 .0.02 23(40%) 15(65%) 0.04

CRP, C-reactive protein; IL, interleukin.
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has been postulated that the short plasma half life (6–20 min
after intravenous injection) of TNFa may limit its potential
clinical utility as a screening tool.19 26 27 The delay between
obtaining and studying the samples may have been too long
for prognostic usefulness as mentioned in the other TNFa
studies.19 26 Although we have not found any significant
relationship between IL-10 concentrations and primary
outcome, IL-10 concentrations were lower in patients who
had events. These results suggest that the risk for develop-
ment of NCE is higher in patients with higher proinflamma-
tory cytokine concentrations and lower anti-inflammatory
cytokine concentrations.

When we combined these markers as proinflammatory to
anti-inflammatory cytokine ratios (as IL-1b:IL-10 and IL-
6:IL-10), we observed a very strong relation between them
and the development of NCE compared with individual
concentrations of each marker. In particular, the IL-6:IL-10
ratio was the most powerful predictor of the development of
NCE during both the first six months and the one-year
follow-up period. This finding suggests that cytokine
concentrations and especially proinflammatory to anti-
inflammatory cytokine ratios can be used for further risk
assessment in patients already evaluated by classic risk
estimation models.

This idea was supported by a recent study that evaluated
the in-hospital prognostic utility of the IL-18:IL-10 ratio in
patients with ST elevation acute coronary syndrome and
NSTEACS.28 Our study is the first to investigate the long-term
prognostic effectiveness of proinflammatory to anti-inflam-
matory cytokine ratios in patients with moderate to high
TIMI score and NSTEACS.

Unfortunately, although all patients underwent an inva-
sive strategy and received optimal drug treatment in our
study, NCE could not be prevented in patients with an
imbalance between proinflammatory and anti-inflammatory
cytokines. This finding may have two clinical implications:
firstly, these patients should be followed up more closely
than patients with lower concentrations of inflammatory
markers; secondly, current treatment strategies are not
sufficient to protect these patients.

Limitations of the study
Our study was not a multicentre study and the number of
patients in the study was relatively low. In addition, technical
difficulties, which most of the other cytokine trials also
experienced, such as aliquoting of serum and plasma,
freezing methods and the time between sampling and
assessing results, were limiting factors in our study. The
positive predictive value of the presented markers ranged
between 30–60%; thus, any intervention based on the
presented data will overtreat one to two in three patients.
Also, c statistics for cut-off values of our markers are in a
relatively low range.

Conclusions
Cytokine concentrations and proinflammatory to anti-
inflammatory cytokine ratios, especially IL-6:IL-10, may be

useful markers for predicting the development of NCE in
NSTEACS.
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NCE 0–1 year

Sens Spec PPV NPV Sens Spec PPV NPV

CRP .78mmol/l 52% 80% 45% 84% CRP .121 mmol/l 39% 89% 60% 78%
IL-1b .0.12 pg/ml 73% 62% 37% 88% IL-1b .0.39 pg/ml 52% 75% 46% 79%
IL-6 .2.5 pg/ml 84% 40% 30% 89% IL-6 .2.3 pg/ml 91% 42% 38% 92%
IL-6:IL-10 .1.18 58% 77% 44% 85% IL-6:IL-10 .1.18 56% 78% 52% 81%
IL-1b:IL-10 .0.02 73% 60% 36% 88% IL-1b:IL-10 .0.02 65% 59% 38% 80%

CRP, C-reactive protein; IL, interleukin; NPV, negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec, specificity.
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Persistent left sided superior vena cava

A
63 year old woman with hypertension presented with
intestinal obstruction. A central venous catheter (CVC)
was placed into the left internal jugular vein after

initial attempts on the right internal jugular failed. A chest
radiograph post-procedure showed the tip to be in an
unusual position (panel A).

Blood samples confirmed the venous sample. Parasternal
long axis view of the heart showed a dilated coronary sinus.
Apical four chamber view of the heart showed the tip of the
CVC in the coronary sinus. Direct injection of agitated saline
contrast into the CVC showed immediate opacification of the
coronary sinus followed by subsequent opacification of the
right atrium and right ventricle (panel B).

During resuscitation when fluids were infused under
pressure, the systolic blood pressure paradoxically dropped
to 70 mm Hg. This resolved when fluids were infused slowly

without pressure. One possible explanation was that the high
pressure infusion of fluids into the left sided superior vena
cava (LSVC) caused rapid dilatation of the coronary sinus
which encroached on the left atrium with resultant reduction
in left ventricular preload. This reduction in preload together
with elevated coronary venous pressure that arises from rapid
and high pressured infusion may account for transient
hypoperfusion and ischaemia at the microvascular level.

To the best of our knowledge this is the first published
report of paradoxical hypotension during fluid resuscitation
in a patient with CVC residing in the coronary sinus of a
persistent LSVC, the exact mechanism for which remains
unknown.
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