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High baseline fibrinogen concentration as a risk factor
of no tissue reperfusion in ST-segment elevation acute
myocardial infarction treated with successful primary
percutaneous coronary intervention
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Abstract

Background: In a large group of patients with myocardial infarction, lack of tissue reperfusion following successful
recanalisation of the infarct-related epicardial artery is seen. Blood flow in the microcirculation depends not only on structural
changes in the microvasculature but also on rheological features of the blood itself.

Aim: To investigate the association between baseline fibrinogen concentration and myocardial reperfusion following
successful coronary angioplasty.

Methodology: In 105 patients with acute ST-segment elevation myocardial infarction, baseline fibrinogen concentration was
compared between patients with successful tissue reperfusion (n=79) and with no myocardial reperfusion (n=26) measured as
the degree of ST-segment normalisation after successful recanalisation of the infarct-related artery.

Results: Baseline fibrinogen concentration was significantly higher in the no-reperfusion group than in the reperfusion group
(523+198.02 mg/dl vs 395.56+144.98 mg/dl, p=0.0004). In the overall study population, fibrinogen level correlated positively
with maximum creatine kinase MB fraction concentration (r=0.25, p=0.012) and duration of chest pain (r=0.31, p=0.002). Mean
fibrinogen concentration was higher in patients with anterior myocardial infarction than in patients with the infarct-related
artery other than the left anterior descending artery. The risk of no-reflow phenomenon assessed in multivariate analysis was
higher if duration of chest pain was longer (OR=1.46, Cl 95% 1.06-2.16, p=0.001) and baseline fibrinogen concentration higher
(OR=151, Cl 95% 1.011-4.58, p=0.021).

Conclusions: Baseline fibrinogen concentration following successful mechanical recanalisation of the infarct-related
coronary artery is an independent risk factor of a lack of myocardial reperfusion and it positively correlates with maximum
creatine kinase MB fraction concentration and duration of chest pain. High fibrinogen concentration may affect rheological
parameters of the blood and play an important role in the pathomechanism of myocardial no-reperfusion phenomenon
following successful mechanical recanalisation of the infarct-related coronary artery.
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Introduction IRA but with no tissue reperfusion, blood rheological

In a large group of patients with myocardial infarction
(M), no reperfusion of myocardial microcirculation is seen
in spite of mechanical recanalisation of the infarct-related
coronary artery (IRA). In the previously published report we
showed that in patients after successful recanalisation of

disturbances were more pronounced than in patients with
successful myocardial reperfusion [1]. For example,
patients with no myocardial reperfusion had enhanced
erythrocyte aggregation and higher plasma viscosity [1].
Both parameters, especially under circumstances of low
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shear stress, significantly elevate blood flow resistance in
the microvasculature, which may be one of the important
contributors to the lack of microcirculatory reperfusion
[2, 3]. Because both plasma viscosity and erythrocyte
aggregation are increased in Ml and correlate with
fibrinogen concentration, we compared baseline
fibrinogen level in patients with ST-segment elevation Ml
(STEMI) with or without microcirculatory reperfusion [4-9].
High fibrinogen concentration affects not only
macrorheological (increases plasma viscosity) but also
microrheological (enhances erythrocyte aggregation)
properties of the blood that result in an elevation of blood
flow resistance in the coronary microvasculature [10].

Methods

Patients

Analysis involved 105 patients (85 men and
20 women) treated by primary percutaneous coronary
interventions (PCl) with stent implantation. Myocardial
infarction was diagnosed based on typical chest pain
accompanied by ST-segment elevation in electrocardio-
graphy and at least a twofold increase in creatine kinase
MB fraction (CK-MB) concentration above the normal
range. In all patients diagnosis was confirmed by coronary
angiography that identified the IRA. Patients found in
cardiogenic shock were not included in this study.
Additionally, the following patients were excluded from the
analysis: those with failed epicardial recanalisation of IRA
(flow less than TIMI 3) or if a decrease in baseline blood
flow following coronary intervention was observed (flow
lower at least by one degree according to TIMI
classification in comparison with baseline). Patients who
received platelet GP IIb/llla receptor inhibitors during the
procedure were also excluded from our study.

Myocardial reperfusion assessment

In order to evaluate myocardial tissue reperfusion,
the sum of ST-segment elevations in three adjacent
leads with the highest degree of ST elevation was
compared. Measurements of ST level were performed
0.08 s from the J point. Successful and rapid myocardial
reperfusion was considered as the sum of ST-segment
elevations in ECG recorded 30 minutes after coronary
intervention that decreased at least by 50% as
compared to the baseline ECG.

According to the degree of ST-segment recovery,
patients were divided into two subgroups: reperfusion
group (79 patients) and no-reperfusion group
(26 patients). Myocardial reperfusion was considered
successful if the sum of ST elevations decreased by at
least 50% compared with the baseline ECG.

Pathological Q waves in the baseline ECG were
diagnosed if in the lead with the highest ST-segment
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elevation its depth was >25% of R wave amplitude and
duration >40 msec, but only if it was accompanied by
a pathological Q wave in the adjacent lead [11]. Presence
of an isolated Q wave only in lead Ill was not considered
significant.

Fibrinogen measurement

Plasma fibrinogen concentration was measured by
means of von Claussa method based on linear correlation
between time of thrombus formation and fibrinogen
concentration (STA Fibrinogen Diagnostica Stago) [12].

Statistical analysis

Continuous parameters of normal distribution are
presented as means + standard deviations. Student’s
t-test was used to estimate statistical significance
between variables of normal distribution. In case of
variables not meeting normal distribution criteria, Mann-
-Whitney U test was used. Qualitative parameters were
compared using y’ test. Univariate regression analysis
was performed using the >50% ST-segment recovery
following angioplasty as the dependent variable and
biochemical or clinical parameters as independent ones.
In order to identify independent predictors of ECG signs
of the no-reperfusion phenomenon, multivariate
regression analysis was performed with those variables
identified as significant in the univariate model.
Correlation power was evaluated by means of Spearman
rank correlation index. A value of p <0.05 was considered
significant.

Results

Patients with no myocardial tissue reperfusion had
significantly longer time from the onset of chest pain to
coronary intervention (Table I).

In ECG recorded at the time of hospital admission,
pathological ECG Q waves were present in all patients
without myocardial reperfusion compared to 67% of
patients in the reperfusion group (p=0.002). On
admission, patients without myocardial reperfusion had
higher mean fibrinogen concentration white blood cell
count and lower left ventricular ejection fraction at
discharge from hospital (Table Il). In this patient group,
the left anterior descending artery was more frequently
identified as IRA. Higher mean value of plasma glucose
concentration in patients with reperfusion was likely a
result of slightly higher incidence of diabetes in this
studied subgroup.

Fibrinogen level in the overall group positively
correlated with peak value of CK-MB fraction (Figure 1)
and time from the onset of chest pain to coronary
intervention (Figure 2) (r=0.25, p=0.012, Cl 95% 0.05+0.42
and r=0.31, p=0.002 Cl 95% 0.11+0.47, respectively).
Mean fibrinogen concentration was higher in patients
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Table I. Characteristics of the study groups

Table II. Selected clinical and biochemical
parameters in study groups

Reperfusion  No-reperfusion p
n=79 n=26 Reperfusion  No-reperfusion p
Age (years) 60161161  6510£12.88 NS il i
Men 67 (84.81%) 18 (69.23%) NS Pathological Q waves 63 (67.08%) 26 (100%)  0.002
Arterial hypertension 40 (50.64%) 12 (46.15%) NS Fibrinogen (mg/dL) 395.56+144.98  523+198.02 0.0004
Diabetes mellitus 16 2026%)  2(7.69%) <0.07 Leukocytes (G/L) Ihezne i
Smoking 35 (4430%) 12 (4615%) NS Erythrocytes (T/L) 3.68+0.44 4.54+0.35 NS
Previous stroke 6 (7.59%) 2 (7.69%) NS EF (%) el e
Peripheral 5 (6:3%) 1(3.68%) NS Glucose (mmol/L) 10.54+8.27 7.94+2.9 0.013
atherosclerosis Creatinine (umol/L) 78.69+33.57 100.92+50.7 NS
Hypercholesterolaemia* 56 (70.89%) 19 (73.08%) NS CK-MB U/L 232.38+180.89  252+154.39 NS
Chest pain duration 4.92+3.99 9.57£6.16  <0.00001 Triglyceride (mmol/L) 1.69+1.44 1.3+0.85 NS
(hours) Cholesterol (mmol/L) 6.02+107 616:147 NS
e -l o coneneten g R@s) st om
RCA 38 (48.1%) 10 (20.83%)  0.04
X 15 (18.99) 0 (0%) 0.037
oM 4 (5.06%) 0 (0%) NS

with anterior Ml than in patients in whom IRA was other
than the left interior descending artery (489+168.38 mg/dL
vs 385+144.85 mg/dL, p <0.02, respectively). Moreover,
patients with anterior MI had higher peak activity of
CK-MB (304+310.53 U/L vs 202+142.19 U/L, p <0.012) and
lower left ventricular ejection fraction at discharge from
hospital (39.248.23% vs 47.19£6.67%, p <0.00001).
Correlation between CK-MB and left ventricular ejection
fraction was found to be significant (r=-0.47 p <0.00001,
Cl 95% -0.61 + -0.29) (Figure 3).

In univariate analysis significant risk predictors of no
myocardial tissue reperfusion were: occlusion of the left
anterior descending artery (OR=4.15, Cl 95% 1.62-10.63,
p=0.028), baseline fibrinogen concentration (OR=1.56,
Cl 95%, 1.17-2.07, p=0023) and duration of chest pain
(OR=149, Cl 95% 1.23-1.81, p=0.0001), whereas in the
multivariate analysis — fibrinogen concentration [100
mg/dL] (OR=1.51, Cl 95% 1.011-4.58, p=0.021) and duration
of chest pain [1 hour] (OR=146, Cl 95% 1.06-2.16,
p=0.001). These indices should be interpreted as a
relative increase of no-reperfusion phenomenon risk on
every 100 mg/dL fibrinogen concentration elevation or on
every one-hour delay to coronary intervention.

Discussion

In ECG recorded at the time of hospital admission,
pathological Q waves were present more frequently in
the no-reperfusion group than in patients with successful
myocardial reperfusion. Leucocytosis evaluated on
admission was significantly higher in the no-reperfusion
group. This finding is consistent with other reports that
revealed baseline white blood cell count and presence of
developed pathological Q waves at the beginning of the

EF — left ventricular ejection fraction, CK-MB — peak value of
creatinine kinase MB fraction, LAD — left anterior descending
artery, RCA — right coronary artery, CX — circumflex artery,
OM — obtuse marginal branch
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Figure 1. Correlation between peak value of
CK-MB fraction and fibrinogen concentration

therapeutic process as independent risk factors of the
no-reperfusion phenomenon following successful
mechanical recanalisation of IRA [13-15] that was
partially explained by delay in treatment initiation.
Presence or absence of Q waves was not found to be an
independent predictor in either the univariate or
multivariate regression analysis presented herein,
because in all admission electrocardiograms in the
no-reperfusion group Q waves were found.

In univariate analysis, anterior Ml caused by left
anterior descending artery occlusion was associated
with an increased risk of insufficient myocardial tissue
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Figure 2. Correlation between chest pain duration
prior to coronary intervention and fibrinogen
concentration

reperfusion. This phenomenon was also described by
other investigators, although reason for that is not
clear [16]. In our series, patients with anterior Ml had
higher baseline fibrinogen concentration than patients
in whom MI was a result of occlusion of the coronary
artery other than the left anterior descending artery.

So far, the correlation between flow restitution in the
coronary microcirculation and baseline fibrinogen
concentration has not been studied. In unstable angina,
elevation of fibrinogen concentration is associated with
increased risk of death and MI, while in patients with Ml
its high level is considered as an unfavourable prognostic
factor both in short- and long-term follow-up [17-20]. In
the population studied herein, fibrinogen level measured
at the time of admission showed a positive correlation
with CK-MB that indicated an association between extent
of MI and fibrinogen concentration. De-Sutter et al. [21]
also showed a positive relationship between fibrinogen
concentration and size of Ml based on peak value of
CK-MB, extent of no-perfusion areas in thallium
scintigraphy  (r=0.58, p=0.001, r=0.64, p=0.001
respectively) and left ventricular ejection fraction
(r=—0.44, p=0.01) in MI patients treated with primary
coronary intervention. In our study, both in uni- and
multivariate analysis fibrinogen concentration was found
to be a significant risk factor of the myocardial
no-reperfusion phenomenon (OR=1.56, Cl 95%, 1.17-2.07,
p=0.0023 and 151 ClI 95% 1011-4.58, p=0.021,
respectively). A positive correlation between fibrinogen
concentration and duration of chest pain [22-23] means
not only structural changes in microvasculature but also
rheological disturbances associated with increased
fibrinogen concentration that worsen as the duration of
acute myocardial ischaemia increases.

Red blood cells entering vessels of smaller or similar
diameter to erythrocytes have to be deformed. Flow
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Figure 3. Correlation between creatinine kinase
MB fraction and left ventricular ejection fraction

conditions are even more difficult if high fibrinogen
concentration facilitates aggregation of erythrocytes. Two
mechanisms neutralise erythrocyte aggregation:
repulsion force related to their negative charge and
disaggregation associated with blood flow [10, 24, 25]. As
we showed in our report, in patients without myocardial
tissue reperfusion plasma viscosity increased as well as
propensity of red blood cells to form aggregates.
Additionally, under those circumstances erythrocytes
disaggregate more reluctantly, the phenomenon that we
associate with high fibrinogen concentration in patients
having insufficient flow in the microvasculature [1].
Flow in the coronary microcirculation depends on two
main factors: degree of structural changes in the
microvasculature and blood rheological characteristics
[1, 26]. The importance of rheological disturbances in
microcirculatory reperfusion was shown not only by our
findings but also in the experimental study. The latter
found an association between extent of MI and blood
viscosity at the time of reperfusion [27]. However, our
results may only indirectly indicate a contribution of blood
rheological disturbances associated with elevated
fibrinogen concentration to the mechanism of the
no-reperfusion phenomenon.

Conclusions

Baseline fibrinogen concentration following successful
mechanical recanalisation of IRA (TIMI 3) is an
independent risk factor of the lack of myocardial
reperfusion. Fibrinogen level positively correlates with
peak CK-MB concentration and duration of chest pain. Its
concentration is higher in the anterior Ml than in patients
with IRA other than left anterior descending. In our
opinion, high fibrinogen concentration may affect
rheological parameters of the blood and play an
important role in the pathomechanism of the myocardial
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no-reflow phenomenon following successful mechanical
recanalisation of IRA.

1

1

1

1

—_

N

w

»

v

(o)

N

[«

el

0.

jay

N

w

References

. Wasilewski J, Turczynski B, Kowalik V, et al. Evaluation of

hemorheological profiles in patients with no-reperfusion
phenomenon in acute ST elevation myocardial infarction
treated by primary percutaneous coronary intervention. J Vasc
Biol 2005; 42 (Suppl. 2): 49.

. Soutani M, Suzuki Y, Tateishi N, et al. Quantitative evaluation

of flow dynamics of erythrocytes in microvessels: influence of
erythrocyte aggregation. Am J Physiol 1995; 268: H1959-65.

.Vicaut E. Opposite effects of red blood cell aggregation on

resistance to blood flow. J Cardiovasc Surg (Torino) 1995; 36: 361-8.
Gu V), Graaff R, de Hoog E, et al. Influence of hemodilution of
plasma proteins on erythrocyte aggregability: an in vivo study in
patients undergoing cardiopulmonary bypass. Clin Hemorheol
Microcirc 2005; 33: 95-107.

. Assayag EB, Bornstein N, Shapira |, et al. Inflammation-sensitive

proteins and erythrocyte aggregation in atherothrombosis. Int J
Cardiol 2005; 98: 271-6.

.Ercan M, Konukoglu D, Onen S. Plasma viscosity as

a cardiovascular risk marker in patients with proteinuria. Clin
Hemorheol Microcirc 2003; 29: 111-6.

Marton Z, Kesmarky G, Vekasi J, et al. Red blood cell aggregation
measurements in whole blood and in fibrinogen solutions by
different methods. Clin Hemorheol Microcirc 2001; 24: 75-83.

. Ami RB, Barshtein G, Zeltser D, et al. Parameters of red blood

cell aggregation as correlates of the inflammatory state. Am J
Physiol Heart Circ Physiol 2001; 280: H1982-8.

.Vaya A, Falco C, Reganon E, et al. Influence of plasma and

erythrocyte factors on red blood cell aggregation in survivors of
acute myocardial infarction. Thromb Haemost 2004; 91: 354-9.
Chien S, Jan K. Ultrastructural basis of the mechanism of
rouleaux formation. Microvasc Res 1973; 5: 155-66.

Wong CK, French JK, Krucoff MW, et al. Slowed ST segment
recovery despite early infarct artery patency in patients with Q
waves at presentation with a first acute myocardial infarction.
Implications of initial Q waves on myocyte reperfusion. Eur
Heart J 2002; 23: 1449-55.

. Palareti G, Maccaferri M, Manotti C, et al. Fibrinogen assays: a

collaborative study of six different methods. C..S.M.E.L.
Comitato Italiano per la Standardizzazione dei Metodi in
Ematologia e Laboratorio. Clin Chem 1991; 37: 714-9.

. Ishihara M, Inoue I, Kawagoe T, et al. Impact of prodromal angina

pectoris and white blood cell count on outcome of patients with
acute myocardial infarction. Int J Cardiol 2005; 103: 150-5.

14.

15.

16.

17.

18.

19.

20.

21

—

22.

23.

24.

2

v

26.

27.

Kosuge M, Kimura K, Ishikawa T, et al. Relation between white
blood cell counts and myocardial reperfusion in patients with
recanalized anterior acute myocardial infarction. Circ J 2004;
68: 526-31.

Iwakura K, Ito H, Kawano S, et al. Predictive factors for
development of the no-reflow phenomenon in patients with
reperfused anterior wall acute myocardial infarction. / Am Coll
Cardiol 2001; 38: 472-7.

Feldman LJ, Coste P, Furber A, et al. Incomplete resolution of
ST-segment elevation is a marker of transient microcirculatory
dysfunction after stenting for acute myocardial infarction.
Circulation 2003; 107: 2684-9.

Sanchis J, Bodi V, Navarro A, et al. Prognostic factors in
unstable angina with dynamic electrocardiographic changes.
Value of fibrinogen. Rev Esp Cardiol 2002; 55: 921-7.

Coppola G, Rizzo M, Abrignani MG, et al. Fibrinogen as
a predictor of mortality after acute myocardial infarction:
a forty-two-month follow-up study. /tal Heart J 2005; 6: 315-22.
Retterstol L, Kierulf P, Pedersen JC, et al. Plasma fibrinogen
level and long-term prognosis in Norwegian middle-aged
patients with previous myocardial infarction. A 10 year follow-
up study. J Intern Med 2001; 249: 511-8.

Thompson SG, Fechtrup C, Squire E, et al. Antithrombin Ill and
fibrinogen as predictors of cardiac events in patients with
angina pectoris. Arterioscler Thromb Vasc Biol 1996; 16: 357-62.
De Sutter J, De Buyzere M, Gheeraert P, et al. Fibrinogen and C-
reactive protein on admission as markers of final infarct size
after primary angioplasty for acute myocardial infarction.
Atherosclerosis 2001; 157: 189-96.

Yip HK, Chen MC, Chang HW, et al. Angiographic morphologic
features of infarct-related arteries and timely reperfusion
in acute myocardial infarction: predictors of slow-flow and
no-reflow phenomenon. Chest 2002; 122: 1322-32.

Fu Y, Goodman S, Chang WC, et al. Time to treatment
influences the impact of ST-segment resolution on one-year
prognosis: insights from the assessment of the safety and
efficacy of a new thrombolytic (ASSENT-2) trial. Circulation 2001;
104: 2653-9.

Snabre P, Bitbol M, Mills P Cell disaggregation behavior in
shear flow. Biophys J 1987; 51: 795-807.

. Shiga T, Maeda N, Kon K. Erythrocyte rheology. Crit Rev Oncol

Hematol 1990; 10: 9-48.

Camilleri JP, Joseph D, Fabiani JN, et al. Microcirculatory changes
following early reperfusion in experimental myocardial
infarction. Virchows Arch A Pathol Anat Histol 1976; 369: 315-33.
Tucker WY, Bean J, Vandevanter S, et al. The effect of hemodilution
on experimental myocardial infarct size. Eur Surg Res 1980; 12: 1-11.

Kardiologia Polska 2006; 64: 9



972

Wyjsciowe wysokie stezenie fibrynogenu stanowi czynnik ryzyka
braku reperfuzji mi¢§niowej w zawale serca z uniesieniem
odcinka ST leczonym skuteczng pierwotna interwencja wieficowa

Jarostaw Wasilewski, Tadeusz Osadnik, Lech Polofski

Il Katedra i Oddziat Kliniczny Kardiologii, Slaska Akademia Medyczna, Slaskie Centrum Choréb Serca, Zabrze

Streszczenie

Wstegp: U znacznego odsetka chorych z zawatem serca, pomimo udroznienia tetnicy dozawatowej, nie dochodzi do
reperfuzji miesniowej. Przeptyw w mikrokrazeniu zalezy nie tylko od zmian strukturalnych w drobnych naczyniach, lecz takze
od wtasciwosci reologicznych krwi.

Cel: Ocena zwiagzku pomiedzy wyjsciowym stezeniem fibrynogenu a reperfuzja miesniowa po skutecznej angioplastyce
wiencowe;j.

Metodyka: U 105 chorych z zawatem serca, ktérych ze wzgledu na stopien normalizacji odcinka ST po skutecznym
udroznieniu tetnicy dozawatowe] podzielono na grupe z reperfuzja miesniowa (N=79) oraz grupe bez reperfuzji miesniowej
(N=26) oznaczono wyjéciowe stezenie fibrynogenu.

Wyniki: Wyjsciowe stezenie fibrynogenu byto wieksze w grupie bez reperfuzji w poréwnaniu z grupa z reperfuzja
(odpowiednio 523+198,02 vs 395,56+144,98, p=0,0004). W catej badanej populacji poziom fibrynogenu dodatnio korelowat
z maksymalng wartoscig frakcji MB kinazy kreatyninowej (r=0,25; p=0,012) oraz czasem trwania bélu zawatowego (r=0,31;
p=0,002). Srednie stezenie fibrynogenu byto wieksze u chorych z zawatem $ciany przedniej w poréwnaniu z chorymi, u ktérych
tetnica dozawatowa byta inna niz gataz przednia zstepujaca tetnicy wiefcowej. W analizie wieloczynnikowej ryzyko braku
powrotu przeptywu miesniowego zwiekszato sie wraz z czasem trwania bélu zawatowego (OR=1,46; Cl 95% 1,06-2,16; p=0,001)
oraz ze wzrostem wyjsciowego stezenia fibrynogenu (OR=1,51; Cl 95% 1,011-4,58; p=0,021).

Whioski: Wyjsciowe stezenie fibrynogenu po skutecznym mechanicznym udroznieniu tetnicy dozawatowej stanowi
niezalezny czynnik ryzyka braku reperfuzji miesniowej i dodatnio koreluje z maksymalng wartoscig frakcji MB kinazy
kreatyninowe] oraz czasem trwania bélu zawatowego. Uwazamy, ze wysoki poziom fibrynogenu poprzez wptyw na parametry
reologiczne krwi, w tym na wzrost lepkosci osocza i nasilenie agregacji krwinek czerwonych, moze odgrywaé istotng role
w patomechanizmie zjawiska braku powrotu przeptywu mieéniowego po skutecznym udroznieniu tetnicy dozawatowe;.

Stowa kluczowe: ostry zawat serca, reperfuzja miesniowa, fibrynogen, pierwotna angioplastyka wiencowa
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