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Introduction and objectives. The aim of this study
was to compare the prognostic value of TIMI 3 flow ver-
sus noninvasive markers of coronary artery reperfusion
on the outcome of patients with a recent acute myocardial
infarction (AMI) treated with primary angioplasty.

Patients and method. We analyzed 172 consecutive
patients with AMI and ST-segment elevation, who were
treated with primary angioplasty within 12 hours of admis-
sion. Mean age was 61±13 years, 77% were men, and
56% had a history of previous AMI.

Results. In-hospital mortality was 3.6%; 16.6% develo-
ped heart failure, and 11.1% had complex arrhythmias du-
ring their hospital stay. The noninvasive criterion for suc-
cessful reperfusion was the presence of two or more
markers of reperfusion based on ECG changes or CK le-
vels after angioplasty. Reperfusion was successful in
87.7% of the patients, and TIMI 3 flow was achieved in
87%. There was no significant concordance between the
two methods (kappa index =0.012). Multivariate analysis
showed that both successful reperfusion (OR=0.028; 95%
CI, 0.003-0.268) and TIMI 3 flow (OR=0.104; 95% CI,
0.019-0.563) were protective for in-hospital mortality. How-
ever, in the multivariate analysis only successful reperfu-
sion was a protective factor for heart failure and complex
arrhythmias.

Conclusion. Our findings confirm that both TIMI 3 flow
and successful coronary reperfusion evaluated non-
invasively show independent prognostic value in patients
with AMI treated with primary angioplasty. Noninvasive
markers of coronary reperfusion should be used as com-
plementary to angiography in these patients.

Key words: Myocardial infarction. Coronary angio-
plasty. Reperfusion.
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Valor pronóstico de marcadores no invasivos 
de reperfusión coronaria frente a flujo TIMI 3 
en pacientes tratados con angioplastia primaria

Introducción y objetivos. La angioplastia primaria ha
resultado ser el tratamiento más eficaz para pacientes con
infarto agudo de miocardio (IAM). Tanto la obtención de
un flujo coronario óptimo, grado TIMI 3, como la asocia-
ción de indicadores no invasivos de reperfusión coronaria
han demostrado ser métodos útiles para predecir el pro-
nóstico inmediato y a medio plazo de pacientes con IAM
tratados con trombólisis o angioplastia primaria. El objeti-
vo es comparar el valor pronóstico del flujo TIMI 3 con la
asociación de indicadores no invasivos de reperfusión co-
ronaria (disminución del supradesnivel del segmento ST >
50% a los 90 min, inversión de la onda T dentro de las 24
h y elevación máxima de la creatincinasa [CK] < 12 h pos-
tangioplastia primaria) en la evolución intrahospitalaria y a
medio plazo en pacientes con un infarto de miocardio re-
ciente tratados con angioplastia primaria.

Pacientes y método. Se analizó a 172 pacientes con-
secutivos con IAM y supradesnivel del ST tratados con
angioplastia primaria durante las primeras 12 h de evolu-
ción e ingresados en el Hospital de la Universidad Católi-
ca entre enero de 1997 y diciembre de 2002. La edad
promedio fue 61 ± 13 años, el 77% eran hombres y el
56% presentó un IAM anterior.

Resultados. La mortalidad intrahospitalaria de esta se-
rie fue de 3,6%; el 16,6% desarrolló insuficiencia cardía-
ca y el 11,1% de la población analizada presentó arrit-
mias complejas durante la hospitalización.

Se consideró como criterio de reperfusión exitosa la
presencia de 2 o más indicadores de reperfusión y para
los criterios angiográficos de recanalización se utilizó la
clasificación de TIMI. En el 87,7% se obtuvo una reperfu-
sión exitosa y en el 87% se obtuvo un flujo TIMI 3. No
hubo concordancia significativa entre ambos métodos (ín-
dice kappa = 0,012). El análisis multivariado (ajustado por
edad, sexo, factores de riesgo, localización y tiempo de
evolución del infarto, frecuencia cardíaca y presión arte-
rial de ingreso, CK al ingreso, número de vasos con este-
nosis > 70%, valor máximo de CK) demostró que tanto la
reperfusión exitosa como el flujo TIMI 3 resultaron ser
protectores frente a la mortalidad intrahospitalaria (odds



ratio [OR] = 0,028; intervalo de confianza [IC] del 95%,
0,003-0,268, y OR = 0,104; IC del 95%, 0,019-0,563, res-
pectivamente). Sin embargo, sólo la reperfusión exitosa
resultó ser protectora frente a la insuficiencia cardíaca y
las arritmias complejas en la evolución intrahospitalaria y
en la mortalidad a medio plazo al ajustar por ambos crite-
rios en el análisis multivariado.

Conclusión. Se confirma que tanto el flujo TIMI 3
como la reperfusión coronaria exitosa evaluada a través
de indicadores no invasivos tienen un valor pronóstico in-
dependiente en pacientes con IAM tratados con angio-
plastia primaria. Sin embargo, la reperfusión coronaria
exitosa resultó ser un indicador de pronóstico indepen-
diente para la mortalidad intrahospitalaria y a medio pla-
zo, el desarrollo de insuficiencia cardíaca y arritmias com-
plejas. Los indicadores no invasivos de reperfusión
coronaria debieran emplearse en forma complementaria
a la angiografía en estos pacientes.

Palabras clave: Infarto de miocardio. Angioplastia coro-
naria. Reperfusión.

INTRODUCTION

Primary angioplasty has proven to be the best thera-
peutic option for acute myocardial infarction (AMI),
providing early, optimal reestablishment of coronary
flow and resulting in a significant reduction in mortali-
ty as compared to thrombolytic treatment.1-3 The suc-
cess of primary angioplasty is attributed to its ability
to promptly restore optimal coronary flow (TIMI
grade 3) after arterial recanalization, which is associa-
ted with a better immediate and mid-term prognosis.4-6

Nevertheless, several investigators using noninvasive
techniques have demonstrated that restoration of coro-
nary flow does not guarantee optimal tissue reperfu-
sion.7 This may be a consequence of injury to the mi-
crocirculation caused by arterial embolization and
occlusion with particles of fragmented thrombus, or a
result of alterations in tissue metabolism due to pro-
longed ischemia.8 Failed myocardial reperfusion be-
cause of microvascular obstruction could, in turn, lead
to failed recovery of contractile function in the infarc-
ted region and a poorer prognosis.9,10

In an earlier study we reported that satisfactory
myocardial reperfusion, as assessed by noninvasive
markers, such as resolution of ST-segment elevation,
early T-wave inversion, and time to peak enzyme le-
vels, is associated with a significantly lower risk for
heart failure and in-hospital or mid-term mortality in
patients with myocardial infarction treated with throm-
bolysis and primary angioplasty.11,12

In this study we prospectively compared the prog-
nostic value of noninvasive indicators of coronary per-
fusion with TIMI grade 3 flow for the appearance of
complications at short- and mid-term in patients with
AMI treated by primary angioplasty. 

PATIENTS AND METHODS 

Patients

The study included 172 patients consecutively ad-
mitted for AMI within 12 hours of onset and undergo-
ing primary angioplasty at the Hospital Clínico de la
Universidad Católica de Chile, during the period of
June 1997 to December 2000. All the patients studied
had anginal chest pain of more than 30 minutes’ dura-
tion and ST-segment elevation ≥1 mm in two or more
contiguous electrocardiograph leads. Patients with
complete bundle branch block or cardiogenic shock
were excluded. At emergency room admission, all pa-
tients received 500 mg of aspirin and were intra-
venously treated with heparin to reach an activated
coagulation time of approximately 300 s during angio-
plasty. In patients receiving an intracoronary stent, clo-
pidogrel, or ticlopidine was continued for 4 weeks.
Beta-blockers and angiotensin-converting enzyme
were used in the postinfarction period following the
criteria of evidence-based medicine.

Clinical Variables

The following variables were analyzed in all pa-
tients: a) coronary risk factors: hypertension, dyslipi-
demia, diabetes mellitus, smoking, and family history
of coronary disease, which was considered positive in
cases of myocardial infarction before the age of 55 in
a direct family member; b) clinical and demographic
characteristics: age, sex, personal history of coronary
disease, location, and time of evolution of the infarc-
tion, heart rate and systolic blood pressure on admis-
sion; c) markers of myocardial injury: total creatine ki-
nase (CK) on admission and at 6, 12, and 24 h; d)

angiographic characteristics: culprit coronary artery,
post-angioplasty TIMI flow, number of vessels with
≥70% stenosis, and stent use.

Noninvasive Indicators of Myocardial
Reperfusion

At hospital admission, all patients underwent elec-
trocardiography and determinations of CK and CK
MB fraction (CK-MB). The electrocardiogram was
recorded at baseline and repeated at 90 min. after an-
gioplasty. Further electrocardiograms were performed
and blood samples were taken for cardiac enzyme de-
terminations at 6, 12, and 24 h of evolution. The elec-
trocardiogram on admission was used as a reference to
estimate the magnitude of maximum ST-segment ele-
vation. This was calculated to eight-hundredths of a
second after the J point in the lead with the most
prominent elevation. T-wave inversion in the leads re-
lated to the infarction was defined as a tracing >1mm
below the isoelectric line (TP segment). Timing to
peak CK value was assessed. Following previously

García Barsotti MA, et al. Noninvasive Markers of Coronary Reperfusion Compared to TIMI 3 Flow in Patients Treated With Primary Angioplasty

61 Rev Esp Cardiol 2004;57(6):524-30 525



published criteria,11,12 the patients were classified into
two groups: a) successful myocardial reperfusion,
when at least two of the following three criteria were
met: a decrease of more than 50% of the pretreatment
ST-segment elevation within the first 90 min, T-wave
inversion in the infarct-related echocardiograph leads
within the first 24 h, and peak CK values within the
first 12 hours after the procedure, b) failed myocardial
reperfusion, when at least 2 of the following 3 criteria
were met: persistent ST-segment elevation, positive T-
wave in the infarct-related leads, and peak CK value
more than 12 hours after angioplasty. Asymptomatic
ST-segment re-elevation and positive T-wave within 24
hours after the procedure were also considered criteria
of failed reperfusion. 

Criteria of Successful Angioplasty and TIMI
Coronary Flow

In keeping with the TIMI group classification, post-
angioplasty coronary flow was classified into grade 0,
absence of flow beyond the occlusion, grade 1, con-
trast opacification of the coronary artery, but without
distal filling, grade 2, slow opacification of the entire
coronary artery and grade 3, normal coronary flow.13

Angioplasty was considered successful when TIMI 3
flow was obtained and residual stenosis was less than
30%. 

Analysis of Post-AMI Events

1. In-hospital cardiovascular events: death, develop-
ment of heart failure (Killip class ≥2), and presence of
complex cardiac arrhythmias (atrial fibrillation, ven-
tricular tachycardia, ventricular fibrillation, new bund-
le branch blocks, and second- or third-degree atrio-
ventricular block) since admission.

2. Cardiovascular events at 6 months’ evolution (fol-
low-up by direct clinical visits, consultation with at-
tending physicians or by telephone): death, develop-
ment of heart failure, rehospitalization due to heart
failure, and recurrent angina.

Statistical Analysis

Data are presented as mean ± standard deviation
(SD) and percentage. For the univariate analysis we
used the chi-square test and the Fisher exact test to
compare categorical variables. Continuous variables
were analyzed with the Student t test. Agreement bet-
ween noninvasive reperfusion and successful angio-
plasty was analyzed using the Kappa index.

The multivariate analysis of in-hospital events
(death, heart failure, atrial fibrillation, atrioventricular
block, or ventricular tachycardia) and mid-term com-
plications (development of heart failure, hospitali-
zation for heart failure, or recurrent angina) was car-

ried out by logistic regression. The multivariate analy-
sis included all the clinically relevant variables (age,
sex, coronary risk factors, location of the infarct, time
of evolution, heart rate, arterial pressure at admission,
CK at admission, number of vessels with ≥70% steno-
sis, post-angioplasty TIMI flow, total CK peak value,
successful or failed reperfusion) that had a P-value of
≤.05 in the univariate analysis. In addition, a multivari-
ate analysis was performed to independently analyze
only TIMI 3 flow or only successful reperfusion with
the other confounding variables. The Cox proportional
hazards model was used for the analysis of mid-term
mortality. 

RESULTS

Primary angioplasty was performed in the 172 pa-
tients in this series and TIMI 3 flow was achieved in
150 (87%). Successful reperfusion according to the
noninvasive markers was present in 151 (87.7%) pa-
tients and failed reperfusion in the remaining 21 pa-
tients. Table 1 shows the demographic, clinical and an-
giographic characteristics of the patients. A total of
139 patients had both TIMI 3 flow and successful
reperfusion, but the Kappa index was only 0.012 (non-
significant), indicating that there was no agreement
between the 2 methods.

Tables 2 and 3 show the characteristics of the pa-
tients according to TIMI 3 flow or successful reperfu-
sion. There was a significantly higher percentage of
cases of anterior infarction among the patients with
failed perfusion.

Analysis of In-Hospital Events

In-hospital mortality. In-hospital mortality was
3.65% overall, 0.79% in the group of patients with
successful reperfusion and 22.2% in the group with
failed perfusion (P<.001).

The conditions associated with a significantly high-
er risk of in-hospital mortality in the univariate logistic
regression analysis included advancing age, age over
70 years and total CK peak level (P=.05). In the multi-
variate analysis the factors significantly protective
against in-hospital mortality were post-angioplasty
TIMI 3 flow (OR=0.104; 95% CI, 0.019-0.563) and
successful reperfusion (OR=0.028; 95% CI, 0.003-
0.268) (Table 2). When the 2 reperfusion indicators,
TIMI 3 flow and noninvasive markers, were intro-
duced in the same model adjusted for confounding
variables, both TIMI 3 flow (OR=0.062; 95% CI,
0.004-0.846) and noninvasive markers (OR=0.026;
95% CI, 0.02-0.373) continued to be associated with a
lower risk of in-hospital death. Advancing age persis-
ted as a risk factor at the limit of significance
(OR=1.0004; 95% CI, 1.000-1.611). Table 4 shows the
results of the independent analysis of TIMI 3 flow and
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successful reperfusion; both criteria are confirmed to
be significant protectors against in-hospital mortality.

In-hospital heart failure. Among the total, 16.6% of
patients developed in-hospital heart failure. In the uni-
variate logistic regression analysis, the significant pre-
dictive factors for in-hospital heart failure included
age (OR=1.05; 95% CI, 1.014-1.087), age over 70
years (OR=5.11; 95% CI, 2.11-12.36) and total CK
peak value (OR=1.000; 95% CI, 1.0001-1.0004). The
significant protective factors against in-hospital heart

failure included successful reperfusion (OR=0.315;
95% CI, 0.128-0.774) and post-angioplasty TIMI 3
flow (OR=0.316; 95% CI, 0.105-0.952).

In the multivariate analysis, only successful reperfu-
sion was a significant protective factor against in-hos-
pital heart failure (OR=0.234; 95% CI, 0.079-0.691).
The significant risk variables that remained in the
model were age over 70 years (OR=7.032; 95% CI,
2.298-21.532) and total CK peak value (OR=1.003;
95% CI, 1.001-1.005). When TIMI 3 flow and suc-
cessful reperfusion were analyzed independently, the
significant protection by the latter was confirmed
(Table 4).

TABLE 4. Multivariate Analysis of the Independent

Prognostic Value of TIMI 3 Flow and Successful

Reperfusion*,a

OR 95% CI P

TIMI 3

IH mortality 0.038 0.002-0.696 .03

IH heart failure 0.315 0.091-1.086 NS

IH arrhythmia 0.215 0.065-0.718 .01

Long-term mortality 0.556 0.081-3.799 NS

Reperfusion

IH mortality 0.038 0.004-0.393 .006

IH heart failure 0.234 0.079-0.691 .005

IH arrhythmia 0.257 0.086-0.766 .01

Long-term mortality 0.055 0.008-0.399 .004

*CI indicates confidence interval; IH, in-hospital; OR, odds ratio.
aAdjusted by age, sex, risk factors, location of infarct, CK at admission, heart
rate, and blood pressure at admission.

TABLE 1. Demographic, Clinical and Angiographic

Characteristics of 172 Patients Undergoing Primary

Angioplasty*

Age, years, mean ±SD 61±13

Age >70 years 46 (27%)

Men 132 (77%)

Hypertension 77 (45%)

Diabetes mellitus 25 (15%)

Dyslipidemia 65 (38%)

Smoking 73 (43%)

Personal history of coronary disease 27 (16%)

Anterior location 83 (48%)

Time onset of symptoms to PTCA, h 4.65±2.52

SBP at admission, mm Hg 136±27

HR at admission, bpm 77±17

Total CK at admission, U/L 349±622

Total CK peak value, U/L 3.443±2.481

Stenosis >70% in >2 vessels 51 (30%)

Stent use 137 (80%)

Post-PTCA TIMI 3 flow 150 (87%)

*SD indicates standard deviation; CK, creatine kinase; HR, heart rate; SBP,
systolic blood pressure; PTCA, percutaneous transluminal coronary angio-
plasty.

TABLE 2. Clinical Characteristics of Patients 

With Noninvasive Indicators of Myocardial

Reperfusion*

Yes (n=151) No (n=21)

Age, years, mean ±SD 60.5±14 64.7±15

Men, % 79.5 72.2

Hypertension, % 44.1 55.5

Diabetes mellitus, % 17.3 16.7

Dyslipidemia, % 45.6 22.2

Smoking, % 46.8 50,0

Coronary history, % 15.2 5.6

Time onset of symptoms to PTCA, h 4.8±2.7 4.07±.6

SBP at admission, mm Hg 134±26 143±26

HR at admission, bpm 75±15 80±21

Total CK at admission, U/L 390±716 229±219

Total CK peak value, U/L 3.391±2.447 4.164±4.805

Stenosis >70% in >2 vessels, % 77.2 70.6

Stent use 73.5 77.8

Anterior location 47.2 83.3a

TIMI 3 flow 87.3 88.2

*SD indicates standard deviation; CK, creatine kinase; HR, heart rate; SBP,
systolic blood pressure; PTCA, percutaneous coronary angioplasty. aP<.004.

TABLE 3. Clinical Characteristics of Patients 

With TIMI 3 Flow*

Yes (n=150) No (n=22)

Age, years, mean ±SD 61±13 66±13

Men, % 75.5 73.7

Hypertension, % 44.6 52.6

Diabetes mellitus, % 16.5 5.3

Dyslipidemia, % 39.6 42.1

Smoking, % 48.9 31.6

Coronary history, % 14.1 16.1

Time onset of symptoms to PTCA, h 4.7±2.6 4.2±1.6

Anterior location, % 50.3 36.8

SBP at admission, mm Hg 136±28 136±20

HR at admission, bpm 76±16 80±21

Total CK at admission, U/L 381±748 205±235

Total CK peak value, U/L 3.494±2.557 3.466±2.131

Stenosis >70% in >2 vessels, % 75.7 70.6

Stent use, % 75.4 68.4

*SD indicates standard deviation; CK, creatine kinase; HR, heart rate; SBP,
systolic blood pressure; PTCA, percutaneous transluminal coronary angio-
plasty.



In-hospital development of atrial fibrillation, ven-

tricular tachycardia, or second- or third-degree atri-

oventricular block. The incidence of these alterations
was 11.1%. Only age over 70 years (OR=4.008; 95%
CI, 1.465-10.963) and advancing age (OR=1.058; 95%
CI, 1.014-1.104) were significant risk factors in the
univariate regression analysis. Successful reperfusion
(OR=0.269; 95% CI, 0.095-0.763) and post-angioplas-
ty TIMI 3 flow (OR=0.176; 95% CI, 0.055-0.56) were
significant protective factors.

In the multivariate analysis only successful reperfu-
sion was a significant protective factor against these
arrhythmias (OR=0.257; 95% CI, 0.086-0.796) and
age over 70 years remained in the model as a signifi-
cant risk factor. Nevertheless, when the two variables
were introduced independently in the multivariate
analysis, we found that both TIMI 3 flow and noninva-
sive indicators were significantly protective against the
development of these complications. 

FOLLOW-UP

A mean follow-up period of 13 months (range, 0-39
months) was obtained in 86% of the surviving pa-
tients. There were no differences in the clinical charac-
teristics of the patients who completed their follow-up
and those in whom this information was not obtained
because of a loss of contact with our institution.

Mid-Term Mortality

Overall mortality at mid-term was 7.2%. In the uni-
variate analysis, age over 70 years was a risk factor for
mid-term mortality (OR=5.69; 95% CI, 1.470-22.033;
P<.05). The only protective factor against mid-term
mortality was successful reperfusion (OR=0.012; 95%
CI, 0.001-0.100; P<.01). Post-angioplasty TIMI 3 flow
did not modify the risk of death at mid-term. In the
multivariate analysis successful reperfusion remained
as a protective factor (OR=0.09; 95% CI, 0.020-0.411;
P<.01) and age over 70 years as a risk factor
(OR=8.089; 95% CI, 1.630-40.176; P<.05). This was
confirmed when TIMI 3 flow and the noninvasive indi-
cators were independently analyzed with the other
confounding variables (Table 4). 

Development of Heart Failure, Hospitalization
Due to Heart Failure or Recurrent Angina

All together, these events presented in 20.5% of pa-
tients in the mid-term follow-up.

Age over 70 years was a risk factor in the univariate
analysis (OR=2.875; 95% CI, 1.14-7.252; P<.05). In
the multivariate analysis, a personal history of coro-
nary disease was found to be a significant risk factor
for the development of heart failure, hospitalization
due to heart failure or recurrent angina (P<.05). Suc-

cessful reperfusion and TIMI 3 flow did not have an
impact on the development of these complications at
long-term. 

DISCUSSION

In the present series of 172 patients with AMI trea-
ted by primary angioplasty, TIMI 3 flow was achieved
in 87% of the cases, and successful myocardial reper-
fusion as assessed by noninvasive indicators in 87.7%.
These results were associated with low mortality, a
finding that is consistent with the results reported in
other series of patients treated with primary angioplas-
ty.1-3 In addition, it was demonstrated that optimum
post-angioplasty coronary flow resulted in significant-
ly better mortality rates and a lower risk of developing
in-hospital heart failure, associated with a smaller in-
farct size.4,14 Most interesting was the confirmation
that successful reperfusion and TIMI 3 coronary flow
were related with lower in-hospital mortality. Never-
theless, only successful myocardial reperfusion was
found to be protective against the development of
heart failure, complex cardiac arrhythmias, and mor-
tality at mid-term. 

Various clinical studies have demonstrated that suc-
cessful reestablishment of coronary circulation,
whether by thrombolysis or angioplasty, depends on
achieving optimum coronary tissue reperfusion and
microcirculation.15 The first study to highlight the im-
portance of coronary reperfusion was done by Ito et
al,9 who used contrast echocardiography in patients
with anterior wall infarction treated by angioplasty.
The authors demonstrated that in 25% of the cases in
which normal anterograde flow had been achieved,
reperfusion was not restored. In later studies using
other noninvasive methods, such as magnetic reso-
nance imaging and myocardial 99Tc-sestamibi single-
photon emission computed tomography, in addition to
contrast echocardiography, various authors have con-
firmed this finding.16-18 This lack of tissue perfusion
was first described by Kloner et al19 in an experimental
model, and is known in the literature as the “no re-
flow” phenomenon.9 The proposed causes of this phe-
nomenon include microvascular dysfunction produced
by endothelial injury, capillary obstruction by the neu-
trophils, arteriolar spasm and platelet microem-
bolisms.20,21

The noninvasive method most often used to assess
myocardial reperfusion has been evaluation of the de-
crease in ST-segment elevation in the electrocardio-
graphic leads corresponding to the area of the infarc-
tion. Using this method in patients treated with
thrombolysis, Schroeder et al22 reported that patients
showing more than 70% resolution of ST-segment ele-
vation had much lower mortality than those showing
less than 30% resolution. Because of the simplicity of
the method, ST resolution has been incorporated in
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routine clinical practice as a relevant part of the evalu-
ation of outcome in multicenter clinical trials.23 Rapid
resolution of ST-segment elevation 30 to 60 minutes
after successful coronary angioplasty (with TIMI 3
flow) predicts improved ejection fraction, reduced in-
farct size and better reperfusion compared with de-
layed ST-segment resolution.24-27

ST-segment resolution assessed by electrocardio-
grams performed within a fixed period has limitations.
Shah et al28 described ST-segment fluctuations after
thrombolysis, and these findings were later confirmed
by Krucoff et al using continuous monitoring by digi-
tal echocardiography.29,30 In addition, the assigned cut-
off values of 30% and 70% of ST-segment resolution
leave a population with an intermediate prognosis that
encompasses more than 40% of treated cases.31 It is
for this reason that the use of other noninvasive mar-
kers, such as early elevation of cardiac enzymes or
early T-wave inversion, offers additional advantages
and allows establishment of a simple method that is
more sensitive and specific.11,12 Evaluation of this
method in a series of 967 patients treated with throm-
bolysis showed that each of the indicators used (when
present) was associated with a better prognosis.11 Nev-
ertheless, in the logistic regression analysis including
all the noninvasive markers, only T-wave inversion and
early enzyme elevation were associated with lower
mortality. In a series of 110 patients treated with pri-
mary angioplasty and achieving TIMI 3 flow, we
found that 11% had failed reperfusion, a lower rate
than has been reported in other series in which the
only criterion used was ST resolution.12 Our current
results are consistent regarding the low percentage of
failed reperfusion after primary angioplasty and they
also demonstrate that this method is significantly bet-
ter than TIMI 3 flow for estimating the short- and mid-
term prognosis.

Among the limitations of the method proposed is
the fact that the diagnosis of successful or failed perfu-
sion is established late relative to the implementation
of primary angioplasty. In this regard, it might be use-
ful to monitor the resolution of ST-segment elevation
sequentially in order to assess its stability and to deter-
mine whether it is followed by cardiac enzyme and T-
wave changes. An attractive but more sophisticated
technique has been proposed by Krucoff et al,30 who
used continuous ST-segment monitoring by digital
echocardiography. This method achieved a high degree
of sensitivity and specificity when establishing myo-
cardial reperfusion and the prognosis. 

Another limitation of our study is that the only an-
giographic variable assessed was TIMI 3 flow. It is
likely that if other variables such as the TIMI frame
count and myocardial blush grade had been incorpo-
rated into the analysis, a higher degree of agreement
with noninvasive methods would have been achi-
eved. 

CONCLUSION

In summary, noninvasive methods derived from the
echocardiogram and enzyme panel allowed establish-
ment of the short- and mid-term prognosis in patients
treated with primary angioplasty. Moreover, this
method was superior and complementary to the degree
of coronary recanalization determined on coronary ar-
teriography by TIMI 3 flow. The use of noninvasive
markers of myocardial reperfusion has greater prog-
nostic value than TIMI 3 flow in patients undergoing
coronary angioplasty, and should be used together
with the angiographic method to provide additional
data. 
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