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Abstract

Aims: To discriminate early ST-segment elevation myocardial infarction (STEMI) presenters at a high prob-
ability of successful pre-hospital thrombolysis (PHT) using a simple nomogram based on independent pre-
dictors of complete ST resolution.

Methods and results: OPTIMAL was an observational, prospective study undertaken at 79 medical cen-
tres in France in patients with STEMI undergoing pre-hospital thrombolysis (PHT) within six hours of symp-
tom onset and coronary angiography within six hours of thrombolysis. The baseline and pre-coronary
angiography ECGs of 800 patients were analysed. The main outcome measure was ST segment resolution
>70%. ST resolution was associated with a significant reduction in mortality (1.8% vs. 4.3%; p=0.05). After
multivariable logistic regression analysis, five independent predictors of successful myocardial reperfusion
were identified: <1 h between pain onset and thrombolysis (odds ratio [OR] 1.76, 95% confidence interval
[CI] 1.18-2.62); body mass index (BMI) <30 kg/m2 (OR 1.74, CI 1.12-2.72); current/previous smoking (OR
1.71, CI 1.21-2.43); non-anterior infarct territory (OR 1.75, CI 1.27-2.41); and maximum amplitude of ST
elevation <3 mm (OR 1.83, CI 1.32-2.54). The C-statistic of the model was 0.71 (95% CI 0.67-0.74). Using
these five independent factors, a simple nomogram was developed to assess the probability of ST resolution
after PHT. This nomogram allows discrimination of probabilities ranging from 13 to 72%.

Conclusions: This simple nomogram can predict the probability of successful myocardial reperfusion after
thrombolysis. This may be useful in the triage of STEMI presenters.
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Predictors of myocardial reperfusion after pre-hospital thrombolysis

Introduction

European and American guidelines on the management of acute
myocardial infarction strongly recommend immediate initiation of
fibrinolytic therapy in patients presenting with ST-segment eleva-
tion myocardial infarction (STEMI) when primary percutaneous
coronary intervention (PCI) cannot be performed quickly after first
presentation at a medical centre'?. In this context, pre-hospital
thrombolysis (PHT) is safe and has been shown to yield superior
results compared with in-hospital thrombolysis*.

In France, the French emergency medical system (Systéme
d’Aide Médicale d’Urgence [SAMU]) has promoted the use of
PHT through mobile intensive care units with a physician on board,
which provided an opportunity to reduce dramatically the time
between symptom onset and reperfusion. In patients who present
within the first two to three hours after the onset of symptoms, PHT
is associated with early and 1-year mortality rates at least similar to
if not better than those of primary PCI*®. However, thrombolysis
fails to achieve early recanalisation of the occluded infarct-related
artery in almost half of the patients treated. Therefore, early identi-
fication of patients who are likely to have unsuccessful thromboly-
sis would be advantageous: it would allow these patients to be
triaged to a strategy of primary PCI, even if the delay related to this
treatment is longer than currently recommended in guidelines. For
patients treated with thrombolysis but who fail to recanalise, this
approach would identify patients requiring urgent coronary angiog-
raphy in order to perform rescue PCIL.

Recently, the Orientation of Patients Treated for Myocardial
Infarction After Lysis (OPTIMAL) study provided quantitative data
for predicting early patency of the infarct artery in patients treated
with PHT’. However, myocardial reperfusion (as determined by ST
resolution) is a much stronger correlate of improved clinical out-
comes after myocardial infarction than is epicardial coronary
patency (as determined by Thrombolysis In Myocardial Infarction
[TIMI] 3 flow)!%!. The aim of this analysis of the OPTIMAL study
was to identify predictors of myocardial reperfusion (judged from
ST-segment resolution) after PHT, and to develop a simple, quanti-
tative nomogram for predicting the likelihood of myocardial reper-
fusion according to standard clinical and electrocardiographic
characteristics available in the emergency setting.

Methods

STUDY DESIGN

The methods used in the OPTIMAL study have been described
elsewhere'?. Briefly, this was a multicentre, observational, prospec-
tive cohort study conducted in 79 hospitals in France between
November 2004 and November 2005. Each centre had a pre-hospi-
tal mobile intensive care unit with a physician on board and a coro-
nary care unit with 24-hour access to coronary angiography.

To be eligible for inclusion in the study, patients (>18 years) had to
present with STEMI determined from a 12-lead electrocardiogram
(ECQ), defined as >0.1 mV in at least two peripheral leads or >0.2
mV in at least two precordial leads; to have received PHT within six
hours of pain onset; and to be scheduled for coronary angiography

within six hours of receiving thrombolytic therapy. Patients were not
eligible for inclusion if they had an acute coronary syndrome without
elevation of the ST segment; if they did not have a coronary angiog-
raphy planned within six hours of the start of thrombolytic therapy;
or if they were enrolled in another clinical trial.

ASSESSMENT OF MYOCARDIAL PERFUSION

(ST RESOLUTION) AND DATA COLLECTION

ECGs from 800 patients performed just before thrombolysis (first
ECQG) and just before coronary angiography (second ECG) were
read in a blinded fashion at a core laboratory. ST-segment resolu-
tion was assessed using a standard 12-lead ECG. The lead with the
greatest magnitude of ST deviation in the infarct territory (meas-
ured 20 ms after the J point) was selected on the first ECG per-
formed immediately before thrombolysis. When two leads had an
identical degree of ST deviation, the first lead encountered (in the
following sequence: I, II, III, aVL, aVF, V1-V6) was taken into
account’. The percentage of ST resolution was then measured on
the same lead on the ECG performed immediately before coronary
angiography'®. Resolution was considered complete when the per-
centage reduction was at least 70%.

Additional variables collected were: time between symptom
onset and start of thrombolysis; chest pain intensity before throm-
bolysis; haemodynamic status (blood pressure, heart rate and Killip
class); previous medical history; drugs administered together with
PHT; and performance and timing of in-hospital PCI.

Data were recorded on standardised case report forms (CRFs) by
emergency physicians and cardiologists. Procedures were imple-
mented to ensure that the patient database guaranteed anonymity
and patients received an information leaflet that outlined their right
to access, correct or withhold data. The study protocol was reviewed
by the French Society of Cardiology and the study was performed
in accordance with the Declaration of Helsinki.

STATISTICAL ANALYSIS

Statistical analyses were performed using SAS software version 9.1
(SAS Institute, Cary, NC, USA). Categorical data are summarised
as percentages; continuous variables are presented as medians with
interquartile ranges (IQR). Univariate comparisons were carried
out using the * test for qualitative variables. Student’s -test (or a
non-parametric Wilcoxon test when the distribution of the variable
was not normal) was used to compare quantitative data.

Variables associated with ST resolution (at least 70%) with a
p-value <0.20 in the univariate comparisons were used for back-
ward multivariable logistic regression analysis to determine odds
ratios (ORs) that were independently associated with ST resolution.
The beta-coefficients of the final multivariable model were used to
compute an equation giving the predicted probability of achieving
at least 70% ST resolution for individual patients according to their
clinical and electrocardiographic characteristics before thromboly-
sis administration. This equation was used to develop a nomogram
for predicting the likelihood of ST resolution following PHT. ORs
are reported with 95% confidence intervals (Cls). Other thresholds
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were used to assess ST-resolution (50 and 60% ST-resolution) in a
sensitivity analysis. Results were very similar.

The performance of the risk prediction model was assessed by
evaluating discrimination through the estimation of the C-statistic
of the final model, and by evaluating calibration through the
Hosmer-Lemeshow chi-square statistic'®. We performed an internal
validation of the model using a bootstrapping method. We per-
formed 1,000 random bootstrap samplings with replacement. Each
sample comprised 800 subjects (same size as the original data set).
The model was applied to each bootstrap sample and the C-statistic
was estimated each time. The mean difference between the
C-statistic estimated from using the original data set and the
C-statistic estimated from using each bootstrap sample was calcu-
lated. This mean difference is a measure of the degree of over opti-
mism introduced in the validation of our model. Finally, the
C-statistic could be corrected by subtracting the degree of over opti-
mism from the original C-statistic®.

Results

Among 1,159 patients with STEMI enrolled in OPTIMAL, a
blinded assessment of ST resolution was possible, based on core
laboratory data, in 800 patients (Figure 1). The patients’ clinical
characteristics are summarised in Table 1 and 2. PHT was per-
formed a median of 115 min (interquartile range [IQR]: 75-165)
after symptom onset, with 81% of patients receiving treatment
within three hours. The median time from thrombolysis to coronary
angiography was 110 min (IQR 80-147). In 96% of patients, the

Patients with STEMI receiving
PHT (n=1,159)

— 5

20 did not fulfil the ECG criteria

117 excluded because delay between
pain onset and lysis was >6 h (n=36),
delay between lysis and coronary
angiography was >6 h (n=31), or delay
could not be assessed (n=50)

A\

25 had no angiographic data on TIMI
flow or TIMI flow could not be determined

A\

Patients with data on TIMI flow
in infarct-related artery
(n=997)

R 184 without core lab ECGs
(could not be analysed)

Patients with core ECGs
analysed by core laboratory
(n=813)

—> 13 with left bundle-branch block

Patients with ST-segment
analysed by core laboratory
(n=800)

Figure 1. Patient disposition in the OPTIMAL study.
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Table 1. Patients’ main clinical characteristics according to
ST-segment resolution.
Resolution Resolution

91173 >70%
(n=468) (n=332)

p-value

Age, years (IQR) 60 (50-72) 56 (49-69) 0.009
Women, n (%) 88 (19) 58 (17) 0.62
BMI, kg/m? (IQR) 26.1(24.2-29.1) | 25.7 (23.7-28.3) | 0.081
BMI < 30 kg/m?, n (%) 339 (81) 258 (86) 0.067
Systolic blood pressure, mmHg (IQR) | 135 (120-151) | 130 (117-150) | 0.013
Diastolic blood pressure, mmHg (IQR)| 80 (70-92) 80 (70-90) 0.011
Heart rate, bpm (IQR) 72 (60-84) 71 (59-84) 0.62
Killip class, n (%) 0.31
| 413 (91) 305 (94)
Il 33(7) 17 (5)
[1I-1v 6 (1) 2(1)
Previous medical history
Coronary artery disease, n (%) 72 (16) 52 (16) 0.94
Myocardial infarction, n (%) 38(8) 29 (9) 0.76
Peripheral arterial disease, n (%) 10 (2) 10 (3) 0.46
Stroke / transient ischaemic 10 (2) 6(2) 0.75
attack, n (%)
Cardiovascular risk factors
Smoking, n (%) 0.005

Never 151 (34) 74 (24)

Current 186 (43) 145 (47)

Past 100 (23) 91 (29)
Hypertension, n (%) 174 (40) 114 (37) 0.35
Hypercholesterolaemia, n (%) 182 (45) 138 (47) 0.59
Diabetes, n (%) 72.(17) 33(11) 0.028

fibrinolytic drug administered was tenecteplase. After coronary
angiography, PCI was performed in 90% of patients (47% rescue,
3% delayed and 50% despite TIMI 3 flow on coronary angiogra-
phy), with a median of 1 (IQR 1-1) stent implanted (Table 2).

IN-HOSPITAL CLINICAL OUTCOMES

In the population of 800 patients undergoing ST-resolution assess-
ment, 51% (408/800) had a grade 3 TIMI flow in the infarct-related
artery and 42% (332/800) achieved at least 70% ST resolution.
Compared to patients with no or minimal ST-segment resolution,
ST resolution >70% was significantly associated with better clini-
cal outcomes in terms of death (P=0.05) and death or shock
(P<0.01) (Figure 2).

UNIVARIATE PREDICTORS OF REPERFUSION

Among the data available in the pre-hospital setting, there were ten
univariate correlates of ST-segment resolution (Table 1 and 2):
younger age; lower blood pressure; short delay between symptom
onset and thrombolysis and longer delay between thrombolysis and
coronary angiography; current or past smoking; absence of diabe-
tes; non-anterior infarct location (defined as lack of involvement of



Table 2. Pre-hospital drug administration, ECG and coronary
angiography according to STR.

REN Resolution

<10% >70% p-value
(n=468) (n=332)

Predictors of myocardial reperfusion after pre-hospital thrombolysis

leads V1 to V4); smaller ST elevation; lower number of leads with
ST elevation; treatment with a thienopyridine; lack of use of intra-
venous nitrates. A TIMI flow grade of 3 was also significantly asso-
ciated with ST resolution.

Delay symptom onset / 120 (80-165) | 109 (70-165) 0.049 INDEPENDENT PREDICTORS OF COMPLETE ST
fibrinolysis, min (IQR) RESOLUTION
Eglr?rk:oslzgstsoqll?gj:tn/ %) 65(14) 63 (21) 0.010 Using the daFa available before administrlation of PHT, five inde-
Delay fbrinolysis / coranary 105 (75-136) | 124 (90-157) <0.0001 per.ldent predictors .of su.ccessful myocardial reperfusion (ST reso-
angiography, min (IQR) lution >70%) were identified (Table 3): <1 hour between pain onset
Delay fibrinolysis / coronary 313(67%) | 163(49%) | <0.0001 and receipt of thrombolysis; body mass index (BMI) <30 kg/m?
angiography <2 h, n (%) current or previous smoking; non-anterior infarct location; and
Pre-hospital drug administration maximum amplitude of ST elevation <3 mm. Since ST resolution
Fibrinolysis, n (%) 0.21 was also independently associated with delay from fibrinolysis to
Tenecteplase 445 (96) 321(97) evaluation of ST-segment resolution, and with thienopyridine and
Alteplase 6 (1) 7(2) intravenous nitrate use during the pre-hospital management, the
Reteplase 133) 4(1) model presented in Table 3 was adjusted for these parameters.
Aspirin, n (%) 442 (95) 306 (93) 0.36
Heparin, n (%) 451 (97) 322 (98) 0.28 MODEL PERFORMANCE
Thienopyridine, n (%) 24 (6) 36 (13) 0.003 Our model had a good calibration (P-value for Hosmer-Lemeshow
Glycoprotein lIb/llla lack of fit test: 0.592), and a satisfying discrimination though it was not
blocker, n (%) 11(3) 7(2) 0.78 very high (C-statistic=0.71). The internal validation of the risk predic-
Beta-blocker, n (%) 46 (12) 43 (15) 0.21 tion model showed a degree of over optimism based on bootstrap simu-
Intravenous nitrate, n (%) 184 (43) 102 (34) 0.007 lation estimated at 0.019, leading to a corrected C-statistic at 0.69.
Electrocardiographic characteristics
Anterior myocardial 235 (50) 106 (32) <0.0001 NOMOGRAM FOR PREDICTING ST-SEGMENT RESOLUTION
infarction, n (%) Based on these results, a simple nomogram was developed to help
Maximum amplitude of ST 3(2-5) 3(2-4) 0.001 clinicians determine the probability of successful myocardial reper-
CLEFCAI, I (L) fusion after PHT (Figure 3). Each independent predicting factor
gﬁ)gl:]vlﬂlioanmfgt;dnfj(%) 126 (27) 140 (42) <0.0001 accounted for 10 potential points, except the maximum amplitude
gllé\Tatilia(;nm(ll(‘;;;js LU B I UL Table 3. Independent determinants of myocardial reperfusion
Number of leads with 266 (57) 225 (68) 0.002 (ST-segment resolution 270%).
ST-elevation <4, n (%) R | 95% 0l Chi- pvalue
Grade of TIMI flow before any <0.0001 square
PCLn (%) Delay symptom onset / 176 | 1.18-262| 7665 | 0.006
0 109 (23) 42 (13) thrombolysis <1 h
1 23 (5) 7(2) BMI <30 kg/m? 174 | 1.12-272 | 5.968 0.015
2 135(29) 76 (23) Current or previous smoking 171 |1.21-243| 9.059 0.003
3 201 (43) 207 (62) Non-anterior myocardial infarction 175 | 1.27-241| 11.871 | 0.001
Maximum amplitude of ST elevation 1.83 | 1.32-254 | 13.190 | <0.001
<3mm
P<0.01 Pre-hospital thienopyridine 218 |122-3.88 | 6.957 0.008
104 T T— administration
N ST resolution >70% 19 Pre-hospital IV nitrate administration 0.58 | 041-0.83 | 8967 0.003

P=0.05

S 61
©
c
g 4
[0
o

2.

0-

Death Death/shock
n/N 20/460 6/327 35/440 10/316

Figure 2. In-hospital outcomes according to myocardial reperfusion.

BMI: body mass index; MI: myocardial infarction. The model is also adjusted for delay from
fibrinolysis to evaluation of ST-segment resolution. Overall model chi-square value: 87.124;
C-statistic: 0.71; 95% Cl 0.67-0.74; p-value for Hosmer-Lemeshow lack of fit test: 0.592.
The following variables were taken into account for logistic regression analysis: delay
between symptom onset and thrombolysis; delay between thrombolysis and coronary
angiography (i.e., time from thrombolysis to evaluation of ST-segment resolution); age;
obesity; systolic blood pressure; smoking status; diabetes; Ml location (non-anterior vs.
anterior); maximum amplitude of ST elevation; number of leads with ST elevation (<4 vs.
>4); pre-hospital thienopyridine administration; pre-hospital IV nitrate administration.
Age, systolic blood pressure, diabetes, and number of leads with ST elevation were no kept
in the final model as these variables were not significantly associated with ST resolution
after a backward step-by-step procedure.
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1. Find the number of points corresponding to each predictive factor

2. Sum points for all predictive factors

3. Find the corresponding predicted probability of complete SR resolution (>70%) (P)
4. The predicted probability of lack of complete ST resolution is (1-P)
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Delay symptom onset — thrombolysis < 1 hour 10 points Sum of points Predicted probability of
Delay symptom onset — thrombolysis > 1 hour 0 point complete ST resolution
Non anterior MI 10 points 0 0.13
Anterior M| 0 point

10 0.21
Maximum ST-elevation <3 mm 11 points
Maximum ST-elevation >3 mm 0 point 11 0.22
Current or past smoking 11 points 20 0.22
Non smoking 0 point
Body mass index <30 kg/m? 10 points 21 0.33
Body mass index >30 kg/m? 0 point

30 0.45

Sum 31 0.46; 0.47

40 0.59

41 0.60

51 0.72

Example for a patient with the following characteristics: thrombolysis within 1-hour of symptom onset, inferior MI, maximum
ST-elevation of 2 mm, current smoking, and body mass index of 25 kg/m?.

The sum is 10+10+11+10+10=51.

The probability of complete ST-resolution is 0.72. The probability of lack of complete ST-resolution is 0.28.

Figure 3. Nomogram for predicting myocardial reperfusion (>70% ST-segment resolution).

of ST elevation <3 mm, which accounted for 11 points. Using the
nomogram, the resulting scores predicting the probabilities of ST-
segment resolution ranged from 13% to 72%.

Discussion

OPTIMAL is the largest study to date documenting early patency
and ST-segment resolution following PHT. Study data identified
delay between pain onset and receipt of thrombolysis, BMI, cur-
rent/previous smoking, non-anterior infarct territory and maximum
amplitude of ST elevation as five independent predictors of suc-
cessful myocardial reperfusion. The simple-to-use nomogram,
developed from these findings, may be valuable in the routine
determination of the probability of successful myocardial reperfu-
sion after thrombolysis and may enable improved treatment selec-
tion in STEMI presenters.

Thrombolysis is not always effective in ensuring rapid recanali-
sation of the infarct-related artery and may be less successful in
achieving satisfactory reperfusion of the myocardium at risk. In the
present study, a smaller proportion of patients had early ST resolu-
tion compared with patients who achieved grade 3 TIMI flow. This
is supported by a previous study, which reported a higher percent-
age of patients with grade 3 TIMI flow than those with successful
myocardial reperfusion after fibrinolysis plus angioplasty.'®
Furthermore, myocardial contrast echocardiography demonstrated
that many patients with apparently successful epicardial reperfu-
sion do not have adequately restored coronary microcirculation
(“no reflow”)"”. Many other imaging techniques including cardiac
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magnetic resonance imaging'®, positron emission tomography',
intracoronary Doppler flow velocity mapping®, and angiographic
measures of microvascular “blush™®, have confirmed this inade-
quate microvascular perfusion.

Several reports in the literature support the concept that
ST-segment resolution may be better correlated to prognosis and
may be a better marker of successful thrombolysis than grade 3
TIMI flow in the infarct-related artery'-*'. This is likely to be the
result of ST-segment resolution improving both the patency of the
infarct-related artery and blood flow in the microvasculature, and
therefore offers additional information to that provided by measur-
ing TIMI flow grade®. In addition, patients who regain normal epi-
cardial flow following thrombolysis but show persistent ST-segment
elevation are likely to have a poor prognosis'>**.

Although data from recent trials now consistently suggest the
benefit of a systematic interventional approach after thrombolysis,
the optimal timing for doing so is not clear®®?*. The ASSENT 4 PCI
study has rather suggested that it may be better to delay intervention
by a few hours because of an increased risk of severe bleeding®. In
that respect, the availability of our tool to help identify patients who
are unlikely to have successful thrombolysis by any of these criteria
could be clinically useful. This would allow early triage of patients
receiving PHT to medical centres able to provide facilities for
immediate angiography and, in cases of a persistently occluded
infarct artery, emergency rescue PCI?. In addition, predicting suc-
cess or failure of PHT would be useful in the selection of the appro-
priate reperfusion strategy when primary PCI is delayed
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substantially. In cases where PHT is likely to be successful, it could
be given immediately. Conversely, in patients in whom it is unlikely
to be successful, a longer primary PCl-related delay than is usually
recommended may be acceptable.

Several randomised comparisons have shown that primary PCI is
associated with improved outcomes compared with in-hospital
thrombolysis?’. However, the benefit of intravenous thrombolysis
appears to be dependent on the time elapsed between symptom
onset and initiation of treatment?. The results of a strategy of early
initiation of PHT have been reported to be at least comparable to
those of primary PCI in terms of early and 1-year mortality™°.
A subset analysis of the Comparison of Angioplasty and Pre-
hospital Thrombolysis In acute Myocardial infarction (CAPTIM)
study suggested that PHT may even be more effective than PCI in
preventing mortality and cardiogenic shock in patients treated
within two hours of symptom onset®, and that this benefit appears to
be maintained over the long term®. In our study, a delay of <1 hour
between symptom onset and receipt of thrombolysis was strongly
associated with successful myocardial reperfusion, but the four
other predictors were also important. The ‘beneficial’ effect of
smoking on myocardial reperfusion outcome is well known and has
been discussed in a previous study from OPTIMAL’. In patients
with ST elevation >3 mm or with anterior STEMI, reduction in
mortality may be the most important factor associated with early
reperfusion, but PHT appears to be less effective. After primary
PCI, patients with incomplete ST-segment recovery are also more
likely to have an anterior infarct***!. Feldman et al*® also reported
that post-stent flow-velocity reserve in the infarct-related coronary
artery is lower in anterior than in inferior infarcts, and the presence
of an early systolic retrograde flow was found only in anterior
infarcts. This finding suggests that microcirculatory function is
more depressed in anterior infarcts versus non-anterior infarcts
after reperfusion.

As seen in the present study, lower levels of cumulative
ST-segment elevation observed at presentation were also associated
with abortion of myocardial infarction, defined by Lamfers et al as
ST resolution >50% and a rise of creatine kinase of less than twice
the upper limit of normal®’. The use of BMI as an independent prog-
nostic factor after STEMI, when thrombolysis dose is adjusted
according to weight, has received little attention.

Limitations

In contrast to previous patency studies, patients enrolled in OPTIMAL
received contemporary treatments. In the present study, however,
only a small proportion of patients received pre-hospital clopidog-
rel, since the results of COMMIT?! and CLARITY?*? were not avail-
able when the study was designed and implemented. Another
concern is the relatively large number of patients’ ECGs which
could not be analysed by the core laboratory (n=184/997), although
this reflects the technical issues with recording good quality ECGs
in a pre-hospital setting in the context of acute STEMI. It is reassur-
ing that the baseline characteristics of the patients excluded from
core laboratory analysis are very close to those of patients analysed.

The ability of OPTIMAL to discriminate the role of delays to lysis
in association with ST-segment resolution is limited by the fact that
the distribution of delays was quite narrow, with 75% of patients
receiving thrombolysis 165 minutes or less after symptom onset.
Finally, the model performs moderately well, with a C-statistic of
0.71 which may reflect that the variables collected may not fully

characterise factors determining reperfusion.
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