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Objective - To eval uate the perfor mance of theturbi-
dimetric method of C-reactive protein (CRP) asameasure
of low-grade inflammation in patients admitted with non-
ST elevation acute coronary syndromes (ACS).

Methods— Serum samples obtained at hospital arri-
val from 68 patients (66+11 years, 40 men), admitted with
unstable angina or non-ST elevation acute myocardial
infar ction wer e used to measure CRP by themethods of ne-
phelometry and turbidimetry.

Results - The medians of C-reactive protein by the
turbidimetric and nephel ometric methodswere 0.5 mg/dL
and 0.47 mg/dL, respectively. Astrong linear association
existed between the 2 methods, according to the regres-
sion coefficient (B=0.75; 95% C.1.=0.70-0.80) and corre-
lation coefficient (r=0.96; P<0.001). Themean difference
between the nephelometric and turbidimetric CRP was
0.02 £ 0.91 mg/dL, and 100% agreement between the
methodsin the detection of high CRP was observed.

Conclusion - In patientswith non-ST elevation ACS,
CRP valuesobtained by turbidimetry showastrong linear
association with the method of nephel ometry and perfect
agreement in the detection of high CRP.
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Inflammeation playsanimportant rolein theatheroscle-
rotic process?, and C-reactive protein (CRP) asanindex of
low-grade inflammation has been established as an inde-
pendent predictor of cardiovascular eventsbothin healthy
individuals?2 and in patients with acute coronary syndro-
mes(ACS) 3.

Instableindividuals, valuesof CRPexceeding 0.3mg/
dL areassociated withahighrisk of cardiovascular events®.
Therefore, ahighly sensitive method, such as nephelome-
try, isnecessary to discriminate among such low values of
CRPR During ACS, anaugmentation of inflammatory activity
takes place, and the distribution of CRP values shifts up-
ward>®. Therefore, turbidimetry, althoughtypically lesssen-
sitive than nephelometry, hasthe potential to be useful in
such apatient popul ation.

Toevaluatethe performance of theturbidimetric me-
thod of CRPasanindex of low-gradeinflammationin sub-
jectswith ACS, wecorrel ated measurementshby turbidime-
try with measurements by nephelometry, both performed
on the same plasma sampl es from patients with unstable
anginaor non-ST elevation acute myocardial infarction.

Methods

Patientsadmitted to the coronary care unit of our hos-
pital because of unstableanginaor non-ST elevation acute
myocardial infarction between December 2000 and January
2002 wereeval uated asstudy candidates. Inclusion criteria
were defined as onset of chest discomfort in the prior 48
hoursin patientswith ECG changes consisting of transient
ST-segment depression (=0.5mm) or T waveinversion
(=1.0mm), and/or positivetroponin| (>1.0ng/dL). Infarction
at admission was defined by a positive troponin test.
Patients with infarction and ST-segment elevation or left
bundle-branch block werenot included.
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Blood samplesobtained at hospital arrival (intheemer-
gency room) were used to simultaneously measure CRP
levelshy commercially avail ableturbidimetric and nephelo-
metric methods. Theturbidimetric method (Biotéctical ndis-
triaeComércio, Varginha, MG, Brazil) assessesaggl utination
of latex particles coated with antibody against CRP by
quantifyingtheabsorbedlight ® (detectionlimit>0.4mg/dL).
Thenephelometric method (DadeBehring Inc., Newark, DE,
USA) measurestheagglutination of particlesby quantifying
thescatteredlight (detectionlimit>0.0175mg/dL) .

Linear associations between the 2 methods of CRP
wereexpressed by regression coefficient ([3) and correlation
coefficient (r). For thisanalysis, theindependent variable
was CRP by nephelometry, and the dependent variablewas
turbidimetric CRP. Because CRPvalueswerenot normally
distributed in both methods (Shapiro-Wilk test: P<
0.0001), thenonparametric Spearman correl ation coefficient
was used. An analysisof the limits of agreement between
turbi dimetry and nephel ometry wasal so performed asdes-
cribed by Bland and Altman®. For thisanalysis, the diffe-
rencebetween the 2 measurementswaspl otted against their
mean. Then, the bias (mean differencebetween the 2 me-
thods) and thelimitsof agreement (2 SD of thedifference)
weredetermined.|naddition, using thethreshold of 1 mg/dL
for high CRP*, agreement between themethodswas asses-
sed. To correct for the influence of extreme valuesin the
regression and correlation analysis, asecondary analysis
was performed after excluding outliers®. Suchvalueswere
defined asat |east one of thefollowing: studentized residual
> 2, leverage > 2 p/n, influence on regression coefficient
> 2/\/n, influenceonregressionline> 2/vp/n (p: number of
parameters= 2 and n: number of observations=64). Accor-
dingly, 4 patientswereexcludedinthissecondary analysis.

Assecondary end points, risk predictors (TIMI-Risk
score, positivetroponin, ST-segment depression onadmis-
sion, ischemiaon 48-hour Holter during the acute phase,
triple-vessel disease) and the incidence of in-hospital
(death, infarction, urgent revascul arization) and after dis-
charge (death, infarction, admissionwith unstable angina)
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recurring eventswerecompared between patientswith high
or low valuesof turbidimetric CRP, by Pearson’ schi-square
test or Fisher’ sexact test for categorical variablesand Wil-
coxon’' sRank-Sum test or the Student t test for continuous
variables. For statistical analysis, the software package
SPSSversion 9.0 wasused.

Results

CRPwasmeasured in 68 consecutive patients, 34 with
acute myocardial infarction and 34 with unstable angina.
Meanagewas66+ 11 years, 40 weremales, 5 weresmokers,
24 had diabetes, and 29 used aspirinon adaily basis. Twen-
ty-seven subjects presented with ST-segment depression
onadmission, 5 had g ection fraction < 45% on echocardio-
graphy, and 16 of the 43 patientswho underwent angiogra-
phy had triple-vessel disease.

Meantimebetweentheonset of clinical symptomsand
thecollection of theblood samplewas 7.8+ 7.8 hours. Mea-
surementsof CRP by theturbidimetric method ranged from
Omg/dL to 15mg/dL, withamedianof 0.5mg/dL, and by the
nephelometric method from 0.03mg/dL to 22 mg/dL, witha
median of 0.47 mg/dL. A strong linear association existed
between the 2 methods, according to theregression coeffi-
cient (=0.75; 95% C.l.=0.70-0.80) and correl ation coeffi-
cient (r=0.96; P<0.001). Thestrength of thecorrel ationremai-
ned after exclusion of the4 outliers(=1.08; 95%C.|.=1.0-
1.2;r=0.96; P<0.001) (fig. 1). Themean differencebetween
thenephel ometricand turbidimetricCRPwas0.02+ 0.91mg/
dL andlimitsof agreementwere—1.8mg/dL and+1.8mg/dL.
After exclusionof outliers, themean differencewas0.10 +
0.37 mg/dL andlimitsof agreement were—0.6 mg/dL and +
0.8 mg/dL (fig. 2). Based on a threshold value of
1mg/dL, 100% agreement existed between the2 methodsin
thedefinition of elevated CRP.

According to both methods of CRP, 19 patients had
high CRP (> 1 mg/dL) and 49 hadlow CRP. Comparison of
clinical characteristics and outcomes between these 2
groupsaredepictedintablel. Patientswith high CRPhad a
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y=0.028 + 1.08x
r=10.96 -

B=1.08 (1.00-1.17)
p<0.001

C-reactive protein by turbidimetry (mg/dl)

C-Reactive protein by nephelometry (mg/dl) 63

Fig. 1- Simplelinear regression analysistaking CRP by nephelometry astheinde-
pendent variable and CRP by turbidimetry as the dependent variable. The dashed
lineindicatestheline of identity; the solid line indicates the regression.
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Fig. 2 - Bland-Altman plot of CRP by the turbidimetry and nephelometry. The X axis
indicates the arithmetic mean between the values of CRP by turbidimetry and nephe-
lometry in each patient; the Y axisindicatesthe difference between the valuesof CRP
by turbidimetry and nephel ometry in each patient.
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trend towardslonger duration of Holter ischemiain compa-
risonwithlow CRP patients. Likewise, transent ST-segment
depression on admission tended to bemorecommonin pa-
tientswith high CRP, and atrend towards more patients
withtriple-vessel diseaseinthehigh CRPgroup wasobser-
ved. No clear difference was noticeabl ebetween the groups
in the prevalence of positive troponin at admission or in
TIMI-Risk score. Both in-hospital coronary events and
events after discharge were similar between patientswith
highandlow CRP.

Discussion

Thepresent report showsthat, in patientswith non-ST
elevation ACS, CRP level sassessed by the nephelometric
and theturbidimetric methodshaveastrong linear associa-
tion, represented by ahigh correlation coefficientandasig-
nificant regression coefficient. Althoughthelimitsof agree-
ment show that val uesof the2 methodsarenot identical, the
ability of turbidimetry in detecting highlevelsof CRPwas
identical to that of nephel ometry. The nephelometric me-
thodisvalidated by several prospectivestudiesasamarker
of cardiovascular risk in patients with ACS31%13, On the
other hand, only 1 study reported the turbidimetric method
asapredictor of cardiovascular eventsin ACS™.

Thetwenty-fifth percentile of CRPis0.05 mg/dL in
healthy men®® and 0.15 mg/dL in healthy women?, and
thoseinthe second quartile already havehigher cardiovas-
cular risk than subjectsin the first quartile. Therefore, a
highly sensitive method is necessary to discriminate
among such low values. On the other hand, the level of
inflammationfoundin patientswith ACSishigher thanthat
inhealthy people. For example, themedian of high-sensiti-
vity CRPinour study was0.47 mg/dL in comparison with
0.15 mg/dL in the healthy population of The Physician’s
Health Study **. Thus, in patientswith ACS, the cutoff value

Table | - Clinical characteristics and outcome of patients with and
without elevated turbidimetric C-reactive protein

CRP CRP P
> 1 mg/d < 1 mg/d

Number 19 49

Age 66 + 13 64 + 12 0.59
Males 11 (58%) 29 (59%) 0.92
TIMI-Risk (mean) 32+16 30+£17 0.73
TIMI-Risk > 4 4(21%) 11(22%)  0.90
Triple-Vessel Disease 71127 (58%)  9/31" (29%) 0.07
ST Depression 11 (58%) 19 (39%) 0.15
Positive Troponin 11 (58%) 23 (47%)  0.42
LV EF <45% 2 (13%) 2 (5%) 0.35
Diabetes 8 (42%) 16 (33%) 0.46
Ischemia on Holter (minutes) 45 + 131 16 + 83 0.11
In-hospital Coronary Events 2 (11%) 8 (16%) 0.70
Follow-up Time (months) 69+37 7237 0.84

Coronary Events after Discharge 3/16* (19%) 9/44* (21%) 1.0

T Numerator: patients with coronary lesions > 50%; denominator: patients
who underwent coronariography. * Numerator: patients with events; deno-
minator: patients with follow-up. LVEF: left ventricular gjection fraction
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that identifies cardiovascular risk is higher than the thre-
shold usedin healthy people. Accordingtotherecent Ame-
rican Heart Association and Centersfor Disease Control
and Prevention statement for healthcare professionals?, the
best cutoff valuefor patientswith ACSis1 mg/dL, whichis
withinthetypical detectionlimit of turbidimetric methods
(=0.4mg/dL). Thisisthebasisfor the utilization of turbi-
dimetry in the assessment of cardiovascular risk in ACS
patients.

A strong correl ation between turbi dimetric and nephe-
lometric valuesof CRPwasdemonstrated by Robertset a ¢
inapopulation of blood donorsand Hamwi et a Y'inanon-
selected populationreferred to dothetest for different rea-
sons. Roberts et al **demonstrated linearity (systematic
error < 10%) for values above 0.02 mg/dL and precision
(coefficient of variability < 10%) for valuesabove 0.06 mg/
dL with 9different turbidimetric methods. Hamwi et a "des-
cribed coefficient of variability < 5% above0.07 mg/dL with
4 different turbidimetric methods. Mueller at a 4, although
they did not comparethe 2 methods, reported in apopul a-
tion of 1042 patientswith ACSthat CRPIleve determinedon
hospital admission by turbidimetry was an independent
predictor of short- and long-term mortality. Our study did
not primarily evaluate cardiovascular events, but extended
thecorrelation findingsof Robertset al *® and Hamwi et al v’
toapopulationwith non-ST elevation ACS, also showing
perfect agreement in the detection of high CRP. Although
risk predictorsweremore prevalentinthosewith high CRP,
cardiovascular eventswerenot predicted by CRP, possibly
dueto our small samplesize, which makesclinical eventsa
secondary analysis of thisreport.

High-sensitivity methodsof CRPinitially used ELI-
SA methodology, as performed in theinitial population
studies®®82° Thismethodology isprimarily for research
andisnotideal for routineuse. Therefore, the nephe ome-
tric method was validated for this purpose and is now
commercially available. Morerecently, several turbidime-
tric CRP assayshave been devel oped and arecommercialy
available. Theapplicability of turbidimetry tomeasure CRP
intheassessment of low-gradeinflammation makesthisrisk
predictor easily available for patients admitted with ACS
andfacilitatesthewidespread use of CRP, considering that
anephel ometer isnot alwaysavailable. Ontheother hand,
only 1 prospectivestudy ** validates1 mg/dL asathreshold
of risk with turbidimetry, and our limitsof agreement analy-
sis showed that values of the 2 methods are not identical.
Concurrently, previousstudiesthat compared the nephel o-
metric and turbidimetric methods showed agood correla
tion, but suggested that better standardization of cutoffsis
necessary, because differences existed in CRP val ues bet-
weenthemethods. Therefore, further studiesare necessary
to establish whether equal cutoff pointsareto be used for
both methodsin ACS patients.

Inconclusion, inpatientswith non-ST elevation ACS,
measurements of CRP performed with aturbidimetric
method haveastrong linear association with the nephel o-
metric method and perfect agreement in the detection of
highCRP.

135



Correia et al
C-reactive protein in patients with unstable angina

10.

11.

Arq Bras Cardiol
2003; 81: 133-6.

References

Ross R. Atherosclerosis—an inflammatory disease. N Engl JMed 1999; 340:
115-126.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other
markersof inflammation in the prediction of cardiovascular diseasein women. N
Engl JMed 2000; 342: 836-43.

Lindahl B, TossH, Siegbahn A, Venge P, Wallentin L. Markers of myocardial
damage and inflammation in relation to long-term mortality in unstable coronary
artery disease. FRISC Study Group. Fragminham during Instability in Coronary
Artery Disease. N Engl JMed 2000; 343: 1139-47.

Pearson TA, Menssh GA, Alexander RW, et d. Markersofinflammation and cardio-
vascular disease: application to Clinical and Public Health Practice: astatement
for Hedlthcare Professionalsfrom the Centersfor Disease Control and Prevention
and the American Heart Association. Circulation 2003; 107: 499-511.

Berk BC, Weintraub WS, Alexander RW. Elevation of C-reactiveproteinin“ac-
tive” coronary artery disease. Am J Cardiol 1990; 65: 168-72.

Sung HJ, Kim JH, Park R, Lee KR, Kwon OH. Evaluation of Denka-Seiken turbi-
dimetric high-sensitivity C-reactive protein assay. Clin Chem Lab Med 2002; 40:
840-5.

Rifai N, Tracy RP, Ridker PM. Clinica efficacy of an automated high-sensitivity
C-reactive protein assay. Clin Chem 1999; 45: 2136-41.

Bland M, Altman DG. Statistical methodsfor ng agreement between two
methods of clinical measurement. Lancet 1986; 1: 307-310.

Hoaglin DC. Diagnostics. In: Hoaglin DC, Moore DS. Perspectives on Contem-
porary Statistics., eds., 1992.

Benamer H, Steg PG, Benessiano J, et al. Comparison of the prognostic vaueof C-
reactive protein and troponin | in patients with unstable angina pectoris. Am J
Cardiol 1998; 82: 845-50.

HeeschenC, Hamm CW, Bruemmer J, SmoonsML. Predictivevalueof C-reactive
proteinand troponin T in patientswith unstable angina: acomparative analysis.

136

12.

13.

14,

15.

16.

17.

18.

19.

CAPTURE Investigators. Chimeric c7E3 AntiPlatelet Therapy in Unstable angi-
na Refractory to standard treatment trial. JAm Coll Cardiol 2000; 35: 1535-42.
Morrow DA, Rifai N, Antman EM, et al. C-reactive proteinisapotent predictor of
mortality independently of and in combination with troponin T in acute corona-
ry syndromes: aTIMI 11A substudy. Thrombolysisin Myocardia Infarction. J
Am Coll Cardiol 1998; 31: 1460-5.

Rebuzzi AG, QuarantaG, Liuzzo G, et d. Incremental prognostic value of serum
levelsof troponin T and C-reactive protein on admission in patientswith unsta-
ble anginapectoris. Am JCardiol 1998; 82: 715-19.

Mueller C, Buettner HJ, Hodgson M, et . Inflammation and long-term mortality
after non-ST elevation acute coronary syndrome treated with avery early
invasive strategy in 1,042 consecutive patients. Circulation 2002; 105: 1412-
15.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation,
aspirin, and therisk of cardiovascular diseasein apparently healthy men. N Engl
JMed 1997; 336: 973-9.

RobertsWL, MoultonL, Law TC, et a. Evaluation of nine automated high-sen-
sitivity C-reactive protein methods: implicationsfor clinical and epidemio-
logical applications. Part 2. Clin Chem 2001; 47: 418-25.

Hamwi A, Vukovich T, Wagner O, et d. Evauation of turbidimetric high-sensiti-
vity C-reactive protein assays for cardiovascular risk estimation. Clin Chem
2001; 47: 2044-6.

Tracy RP, Lemaitre RN, Psaty BM, et a. Relationship of C-reactiveproteintorisk
of cardiovascular diseasein the elderly: resultsfrom the Cardiovascular Health
Study and the Rural Health Promotion Project. Arteriosclerosis, Thrombosis, and
Vascular Biology 1997; 17: 1121-7.

Kuller LH, Tracy RP, Shaten J, Meilahn EN. Relation of C-reactive protein and
coronary heart diseasein the MRFIT nested case-control study. Multiple Risk
Factor Intervention Trial. Am JEpidemiol 1996; 144: 537-47.



