Selection of thrombolytic therapy for individual patients:

Development of a clinical model
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We developed a logistic regression model with data from the
GUSTO-I trial to predict mortality rate differences in individ-
ual patients who received accelerated tissue plasminogen
activator (TPA) versus streptokinase treatment for acute
myocardial infarction. A nomogram was developed from a
reduced version of this model that approximated the under-
lying risk of patients treated with streptokinase, and thus the
benefit of TPA. The 30-day mortality rate with accelerated
TPA was 0.063 versus 0.073 with streptokinase and subcu-
taneously administered heparin and 0.074 with streptoki-
nase and intravenously administered heparin. No baseline
patient characteristics were significantly associated with a
different relative effect of TPA. Older patients and those with
anterior infarction, higher Killip classification (except Killip
class IV), lower blood pressure, and increased heart rate had
the greatest absolute benefit with accelerated TPA. Patients
with acute myocardial infarction who had more high-risk
characteristics derived a greater absolute benefit from
treatment with accelerated TPA versus streptokinase. (Am
Heart J 1997;133:630-9.)

The clinician treating patients with an acute 1llness
must rapidly make therapeutic decisions on the ba-
sis of a brief encounter with the patient. The ran-
domized clinical trial provides a powerful means of
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determining the average differences among treat-
ments in a population of patients. However, the cli-
nician also intuitively knows that when one treat-
ment is found to be superior to another in a clinical
trial, all patients in a given population will not likely
derive the same degree of absolute benefit. Having a
rational basis for quantifying the expected degree of
treatment benefit for the individual patient would be
desirable, especially when the more eftective treat-
ment 1s also more expensive.

In describing and testing a treatment effect when
the outcome is a discrete event, basing an outcomes
model on a measure of relative effect, such as an odds
ratio, is customary. The major reason for this ap-
proach to quantifying treatment effect is the fact that
odds ratios can be constant over a broad range of
baseline patient risks or severity of illness. When the
relative benefit is constant, the absolute benefit nec-
essarily varies according to baseline risk. For exam-
ple, a patient with a probability of death of 0.001 can
receive amaximum absolute benefitof0.001, whereas
a patient with a probability of 0.5 can receive an ab-
solute benefit of up to 0.5.

In the Global Utilization of Streptokinase and t-PA
for Occluded Coronary Arteries (GUSTO-I) trial,’
administration of accelerated tissue plasminogen
activator (TPA) and intravenous heparin resulted in
a survival benefit comparable with other treatment
regimens. This benefit amounted to an overall 15%
reduction in mortality at 30 days compared with the
combined streptokinase groups. Initial subgroup
analyses of the data identified certain baseline char-
acteristics that seemed to predictf greater or lesser
treatment benefit, but controversy has arisen con-
cerning the interpretation of these analyses® because
sampling fluctuations affect all subgroup analyses.

The goal of this investigation was to develop a
simplified statistical model that would allow the cli-
nician to estimate the degree of expected benefit with
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accelerated TPA compared with streptokinase for
individual patients.

METHODS

Patient population. The GUSTO-I trial randomly as-
signed 41,021 patients with suspected acute myocardial
infarction and ST-segment elevation within 6 hours of the
onset of acute ischemic symptoms. Patients with a history
of stroke, bleeding diathesis, recent surgery or large-ves-
sel puncture, or prior streptokinase or anistreplase ther-
apy were excluded. Patients were not excluded on the ba-
sis of age or hemodynamic status alone. The details of the
baseline characteristics of the population have been de-
scribed.!

Medical therapy. The details of the protocol have also
been described elsewhere.! Patients were randomly as-
signed by telephone to one of four treatments: (1) strep-
tokinase 1.5 million U over a 1-hour period, with subcuta-
neous heparin 12,500 U twice daily beginning 4 hours af-
ter the start of thrombolytic therapy; (2) streptokinase 1.5
million U over a 1-hour period, with an intravenous hep-
arin bolus of 5,000 U then 1,000 U/hr, with dose adjust-
ment to maintain an activated partial thromboplastin time
of 60 to 85 seconds; (3) accelerated TPA, consisting of a bo-
lus of 15 mg followed by an infusion of 0.75 mg/kg (up to
00 mg) over a 30-minute period and 0.5 mg/kg (up to 35
mg/kg) over the next hour, accompanied by the same
intravenous heparin regimen; or (4) the combination of in-
travenous TPA (1.0 mg/kg over a 1-hour period, not to ex-
ceed 90 mg, with one tenth given as a bolus) and streptoki-
nase (1.0 million U over a 1-hour period), given concur-
rently but through separate catheters, accompanied by the
same intravenous heparin regimen. Aspirin was given to
all patients at the time of randomization and daily there-
after, and intravenous B-blockade was recommended in all
patients without contraindications. All other medical ther-
apy was left to the discretion of the treating physician.

Data collection. Baseline characteristics reflecting de-
mographics, cardiovascular history, and presentation sta-
tus were collected by the telephone randomization system
and on case record forms. The case record forms were re-
viewed at the Data Coordinating Center for completeness
and consistency, and a series of computerized audit checks
was completed on every form. All discrepancies were
checked again through a query system in which the clin-
ical sites were contacted to review the original record. A
sample of 12% of the cases was reviewed in detail by inde-
pendent monitors who compared the case report form with
the medical record. Survival status was ascertained at 30
days in 40,830 (99.5%) of the patients.

Mortality model. A statistical model was developed to
examine the relation between baseline characteristics and
30-day survival.® This model was a multivariable binary
logistic model,* ° for which the relations of continuous
predictor variables with mortality were checked by cubic
spline functions (piecewise polynomials) and appropriately
characterized without assuming linearity.®® Interactions
of key prognostic variables with treatment and interac-
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tions among the predictors other than treatment were ex-
amined to assess the additivity of these factors on the log
odds of mortality. The final model included the following
variables: age, systolic blood pressure, Killip class, heart
rate, site of current infarction, prior infarction, the inter-
action of age with Killip class, height, time to treatment,
diabetes, weight, smoking status, type of thrombolytic
therapy, prior bypass surgery, hypertension, and cere-
brovascular disease.

To apply this mortality model to predict the degree of
treatment benefit, we let X, Xy, . . . , X, denote these risk
factors (excluding treatment) and initially wrote the model
as though each factor was represented by a single regres-
sion coefficient (B) in the logistic model. Assume that only
one of the factors (X,) interacts with treatment and that
the interaction is of a simple linear form. The basic logistic
model formulation for the probability that a patient who
has risk factor values X;, Xo, . . ., X, and receives strep-
tokinase will die within 30 days is Prob[Death | SK] =

1
1 +exp[- (B0 + B X; +...+B,X)]

(1)

(where SK is streptokinase), and the probability of

death for a patient who receives accelerated TPA is
Prob[Death | TPA] =

1
1+ expl—(By +B1X; + . .. + B,X,+ v + 8X))]

In equation (2), vy is the change in the log odds of
death from TPA when X, = 0, and 3 is the additional
change in the log odds from TPA per unit change in
X,. These equations hold if the overall model holds
and 1f X;, 1s the only risk factor that modifies the rel-
ative effect of treatment. The mortality difference or
absolute treatment benefit is given by the difference
1n these two equations.

The mortality model above was applied to the
GUSTO-I patient population and to selected subsets
of the population to estimate differences in 30-day
mortality rates for patients treated with streptoki-
nase rather than with accelerated TPA. Because no
significant interactions occurred between treatment
and any of the other key prognostic factors (§ = 0), the
relative treatment effect of accelerated TPA versus
streptokinase was characterized in terms of a single
odds ratio (e¥), and the absolute difference in the
probability of death for a patient treated with strep-
tokinase versus that of a similar patient who re-
ceived accelerated TPA was expressed as:

P

(2)

3)A=P - 1
P+(1—P)Xai;

where P denotes the probability of death for a patient
treated with streptokinase and OR is the odds ratio
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Fig. 1. Absolute mortality decrease with accelerated TPA treatment vs baseline mortality risk (assuming
streptokinase treatment). Dashed line represents expected mortality as function of underlying patient risk,
generated from statistical model developed from all available baseline characteristics [see equation (3)].
Dots reflect difference in proportions of patients who died in each decile of predicted risk for patients who
received TPA versus streptokinase. Solid line represent nonparametric estimate of relation between pre-
dicted patient risk and observed mortality difference in TPA vs combined streptokinase groups. SK, Strep-

tokinase.

or relative treatment effect of accelerated TPA com-
pared with streptokinase. The background risk level
P has a dominating eftfect on the mortality difference.
On the basis of this relation, the change in the prob-
ability of death expected from treatment with accel-
erated TPA compared with streptokinase was calcu-
lated for each patient in the GUSTO-I population,
and the distribution of this change in risk was char-
acterized with a cumulative distribution function.
Also, the relation between baseline risk P (with
streptokinase treatment) and absolute mortality
reduction with accelerated TPA as described by
equation (3) 1s depicted as the “theoretical” curve in
ool

To demonstrate that treatment-specific mortality
differences estimated from this model were consis-
tent with observed differences, we used two ap-
proaches. First, we divided the population who
received either streptokinase monotherapy into
deciles of underlying risk, as predicted by equation
(1), and similarly divided the patients who received
accelerated TPA with the same intervals of risk for
both treatment groups. Within each decile and treat-
ment group the proportion of deaths was computed.
We then calculated the difference between the two
proportions within each risk decile and plotted for
each decile (series “by decile” in Fig. 1). Second, we
computed “lowess” nonparametric regression esti-

mates (the “smoothed empirical” series in Fig. 1)° of
the predicted risk versus the binary mortality indi-
cator. This algorithm does not require construction of
arbitraryriskintervalsbutinstead assumesasmooth
relation between predicted risk and actual mortality;
lowess does not assume any mathematic form for this
relation. Lowess uses a moving least-squares linear
regression fit on all data points (P, Y) for each treat-
ment group, where P denotes the predicted probabil-
1ty of death and Y denotes the outcome status for one
subject (0 = alive, 1 =dead). Without making as-
sumptions, the lowess regression estimates can eas-
1ly be used to derive a nonparametric estimate of the
relation between Psk and Psk — Prpa, where Pgx is
the predicted mortality for a patient who receives
streptokinase, Psk 1s the actual mortality for a
patient who received streptokinase, and Prpa 1s the
actual mortality for a patient treated with TPA. The
lowess estimate from (Psk, Y) for all patients who
received streptokinase is evaluated at Psk = 0,
0.0035, 0.007, 0.0105, ..., 0.35. Then the lowess es-
timate from (Psk, Y) for all patients who received
TPA is evaluated at the same sequence of Psk values.
At each f’SK point, the two lowess estimates are sub-

tracted to estimate the difference in the probabilities
of death.

Development of a simple model. To obtain a simplified
risk model that would permit easier manual computation
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of the differences in mortality rate expected between
streptokinase and accelerated TPA, we performed a back-
ward stepdown variable selection from the full mortality
model based on the sample of GUSTO-I patients that ex-
cluded the TPA combination therapy, stopping when the
next variable to be deleted (adjusted for the other variables
remaining in the model) had a y? statistic >90 (the cutoff
of 90 was chosen because there was a sizable break in the
x“ values at that point). The resulting model had the fol-
lowing variables and transformations that met this crite-
rion: age, systolic blood pressure, Killip class, heart rate,
site of current infarction, and prior myocardial infarction.
A significant age-by-Killip class interaction was included
in the model (even though its x? statistic was <90) because
age and Killip class were such important predictors. Type
of thrombolytic therapy was also retained in the simplified
model. Table I shows the importance of each variable in the
reduced model. Although the number of variables was
considerably reduced, >90% of the total prognostic infor-
mation was retained.® From this reduced model, we devel-
oped a nomogram to allow rapid calculation of the pre-
dicted absolute mortality reduction with accelerated TPA
treatment compared with streptokinase treatment. Be-
cause the mortality in the two streptokinase monotherapy
arms was essentially identical, the two regression coeffi-
cients associated with these strategies were averaged
when predicting the probability of death with streptoki-
nase. The nomogram was constructed with the “nomo-
gram” function in the “design” library of UNIX S-PLUS
statistical functions, which is available electronically in
the public domain.°

Mortality has been expressed in this report in terms of
proportions (1.e., on a probability scale) rather than as per-
centages.

RESULTS

Fig. 1 shows the relations between the underlying
risk of death with streptokinase therapy and the ab-
solute reduction in mortality with accelerated TPA
predicted by the model, for deciles of patient risk, and
by using empirical data. Patients who gained the
most from accelerated TPA therapy were those with
the highest predicted underlying risk. In addition,
the predicted treatment benefits (theoretical curve)
closely matched the observed benefits (deciles). The
smoothed nonparametric estimates (smoothed em-
pirical), which are less variable than the decile esti-
mates because of the use of predicted mortality as a
continuous variable, also validate model estimates of
mortality differences.

Table II provides the observed mortality rate
reduction with TPA versus that expected from the
model prediction for selected patient subgroups. Ob-
served mortality rate reductions are differences in
subgroup proportions, whereas expected reductions
are means of differences projected from equation (3)
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Table l. Variables predictive of 30-day mortality in reduced
GUSTO-I model

Variable Adjusted x°*
Age (yrs) 1390 (4df)
Systolic blood pressure (mm Hg) 533
Killip class 428 (6df)
Heart rate (per min) 325 (2df)
Location of infarction 147 (2df)

Previous myocardial infarction 92
Age by Killip class interaction 31 (3df)
All thrombolytic treatments 15.5 (3df)

df, Degrees of freedom.
*Indicates independent contribution of each variable after adjusting for all
other factors in list.

for the same subgroup. Again, high-risk patients de-
rived the greatest benefit from TPA treatment, and
there was a good overall match between the pre-
dicted and observed benefits. The one exception to
the accurate prediction of outcome in subgroups by
the model was the small group of elderly patients in
cardiogenic shock, in whom the benefit was less than
that predicted.

The distribution of the expected absolute survival
benefit with accelerated TPA versus streptokinase
for the entire GUSTO-I population is shown in Fig.
2. The median predicted survival benefit was 0.006
compared with a mean predicted benefit of 0.01. The
distribution of expected benefit as a function of un-
derlying risk encompassed a broad spectrum: one
fourth of the patients showed an expected survival
benefit of <0.003, and another quarter had an ex-
pected benefit of >0.015.

Because of the low underlying mortality risk in
patients younger than age 50, the distribution was
skewed toward a lower benefit in these patients (data
not shown). Table III illustrates the application of
this information, which provides expected outcomes
for four representative patients. For patients A and
B, despite having the same (young) age, the expected
mortality rates and the treatment benefit of acceler-
ated TPA were markedly different. Similarly, al-
though the risk of death for patients C and D was
much higher because of their increased age, a sub-
stantial difference in expected treatment benefit was
evident.

Table IV shows the same type of comparison as a
function of time from symptom onset to treatment.
Because many of the patients treated late had a
number of other high-risk characteristics, time to
treatment makes relatively little contribution to
treatment effect compared with other characteristics
representing the underlying severity of illness.

Entry blood pressure had no substantial effect on
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Fig. 2. Cumulative distribution of benefit with accelerated TPA treatment vs streptokinase treatment for

entire GUSTO-I population. SK, Streptokinase.

Table Il. Predicted vs observed mortality decrease with accelerated TPA treatment in selected patient subgroups

Absolute mortality decrease

n Predicted Observed

Killip classes I-II

Age <75 yrs 35,166 0.008 0.0083

Age =75 yrs 4800 0.027 0.0198
Killip classes III-IV

Age <75 yrs 629 0.038 0.037

Age =75 yrs 235 0.04 0.009
Time to treatment (hr)

0-2 8420 0.0086 0.0104

2-4 15,070 0.0107 0.0088

4-6 5810 0.0142 0.0126

>6 1347 0.0146 0.0134
Location of infarction

Anterior 11,923 0.0149 0.0178

Other 18,724 0.0084 0.0051

the expected benefit of accelerated TPA except in
patients with hypotension, who could expect greater
benefit. As demonstrated with representative indi-
vidual patients in Table V, a greater treatment ben-
efit 1s seen in patients with lower blood pressure, al-
though patient D, who was in hemodynamic distress
despite a good blood pressure, had a high mortality
risk and a large expected treatment benefit.

When the location of myocardial infarction was
examined, patients with anterior infarction had the
greatest expected benefit, but many patients with
inferior infarction also showed a substantial survival
advantage. Table VI demonstrates that even though
infarct location is important in stratifying expected

treatment benefit, considering this characteristic in
1solation can lead to inaccurate choices. Patient B
with an inferior infarction would have a substan-
tially greater expected benefit with accelerated TPA
than patient C with an anterior infarction because
patient C was hemodynamically stable.

Fig. 3 shows the nomogram developed from the
reduced mortality model. By assessing a point score
for each predictive variable and determining a point
total for a given patient, a clinician can quickly esti-
mate the expected mortality risk if the patient
receives streptokinase. In addition, the absolute re-
duction in risk if accelerated TPA is substituted can
easily be obtained.
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Table lll. Expected outcomes for representative patients: Age
Patient A Patient B Patient C Patient D
Age 50 50 75 75
Systolic BP (mm Hg) 160 95 160 95
Killip class I >] I 9 |
Location of infarction Inferior Anterior Inferior Anterior
Expected 30-day mortality rate
Accelerated TPA 0.008 0.131 0.045 0.330
Streptokinase 0.01 0.156 0.054 0.377
No. patients in GUSTO-I* 1377 143 1232 247
BP, Blood pressure.
*Number of patients within 10 points for continuous measures and within same discrete categories.
Table IV. Expected outcomes for representative patients: Time to treatment
Patient A Patient B Patient C Patient D
Time to treatment 1 hr 1 hr 5 hr 5 hr
Age 50 75 50 75
Systolic BP (mm Hg) 160 95 160 95
Killip class I >] I |
Location of infarction Inferior Anterior Inferior Anterior
Expected 30-day mortality rate
Accelerated TPA 0.006 0.31 0.010 0.36
Streptokinase 0.008 0.35 0.012 0.41
No. patients in GUSTO-I* 381 53 258 66
BP, Blood pressure.
*Number of patients within 10 points for continuous measures, within 1 hour of time point, and within same discrete categories.
Table V. Expected outcomes for representative patients: Systolic blood pressure
Patient A Patient B Patient C Patient D
Age 50 75 50 75
Systolic BP (mm Hg) 95 95 160 160
Killip class I >] I >]
Location of infarction Inferior Anterior Inferior Anterior
Expected 30-day mortality rate
Accelerated TPA 0.016 0.33 0.008 0.17
Streptokinase 0.020 0.38 0.010 0.20
No. patients in GUSTO-I* 1269 247 1377 330

BP, blood pressure.

*Number of patients within 10 points for continuous measures and within same discrete categories.

DISCUSSION

Therapeutic decision-making in an emergency sit-
uation requires considerable knowledge yet permits

little time for reflection or consultation. The choice of

thrombolytic agent provides a particularly fertile
paradigm for the problem of emergency decision-
making because of the large amount of data available
and the importance of minimizing the time until the
decision is made. Additionally, as the biologic basis
for disease continues to be unraveled, clinicians will
increasingly need to choose among multiple effective
therapies. The major finding of our analysis was that
although the relative benefit of accelerated TPA is
constant, the absolute benefit is a function of the un-

derlying risk of the patient, and no powerful biologic
modifiers of this general effect were apparent.
These general results are similar to the findings of
others who have used quantitative methods to esti-
mate benefit of different thrombolytic therapy regi-
mens. Simoons and Arnold!! developed a simple risk
score based on age, sex, previous myocardial infarc-
tion, treatment delay, and electrocardiographic char-
acteristics and similarly concluded that the degree of
benefit of thrombolytic therapy and of more eftective
thrombolytic regimens was directly related to the
extent of underlying mortality risk. A more detailed
analysis, including estimates of life expectancy, has
extended this observation with much the same find-
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Table VI. Expected outcomes for representative patients:
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LLocation of infarction

Patient A Patient B Patient C Patient D

Age 50 75 50 79
Systolic BP (mm Hg) 160 95 160 95
Killip class | >] I >]
Location of infarction Inferior Inferior Anterior Anterior
Expected 30-day mortality

Accelerated TPA 0.008 0.19 0.15 0.33

Streptokinase 0.010 0.22 0.18 0.38
No. patients in GUSTO-I* 1377 261 1003 247

BP, blood pressure.

*Number of patients within 10 points for continuous measures and within same discrete categories.

ings: accelerated TPA provides particular advan-
tages for patients with combinations of high-risk
characteristics.'? Our study extends these findings
by providing empirical evidence from specific indi-
vidual patient characteristics from a large random-
1zed trial. For the purposes of illustration, this anal-
ysis combined the patients who were randomly
assigned to receive streptokinase and either intra-
venous or subcutaneous heparin. This approach was
taken because the protocol prospectively called for
these groups to be combined if no significant differ-
ence 1n 30-day mortality was observed. In fact, the
mortality at 30 days was quite similar (0.073 with
streptokinase and subcutaneous heparin versus
0.074 with streptokinase and intravenous heparin);
at 1 year of follow-up the mortality rates in the two
groups were identical (0.10).!° Despite the lack of
significant difference between the two regimens in
terms of 30-day or 1-year mortality, a separate com-
parison of 30-day mortality with streptokinase and
subcutaneous heparin subtracting 0.001 from the
tables and figures does not change the basic message.

Clinical decision-making as traditionally taught in
medical practice reflects a cognitive process referred
to as heuristics, or rules of thumb.!* With this
method, clinicians are taught to focus on individual
patient characteristics (age, time to treatment, loca-
tion of infarction) to allow the placement of patients
1nto categories or subgroups. Although this thought
process can lead to better decisions than broad
application of therapies to entire diagnostic catego-
ries of patients, it falls short because multiple pa-
tient characteristics act jointly to influence both out-
come and treatment effect. This finding is not unique
to the treatment of acute myocardial infarction: the
dominance of underlying risk as a determinant of
absolute treatment benefit (number of lives saved)
has been documented in many other disease states.
In clinical trials of B-blocking agents in acute myo-
cardial infarction, Yusuf et al.l® documented the
same phenomenon. We have reported a similar find-

iIng among candidates for coronary artery bypass
grafting,1® although the extent of coronary artery
disease plays an important modifying role in terms
of qualitative and quantitative interactions with the
treatment. Yusuf et al.!’ recently demonstrated this
same concept in an overview of clinical trials of by-
pass surgery. The importance of this concept in the
treatment of sepsis with new biologic interventions
has been emphasized.!®

In GUSTO-I, treatment with accelerated TPA and
intravenous heparin led to a 15% relative reduc-
tion in the odds of death compared with streptoki-
nase (odds ratio of 0.85). The application of these
findings has been complicated by the cost issue many
practitioners, hospitals, and health care systems
have tried to identify patients who receive the most
benefit so that the more expensive treatment might
be reserved for them.!” This effort has been sup-
ported by pathophysiologic reasoning, particularly
regarding the four characteristics chosen as exam-
ples in this study: age, time to treatment, infarct
location, and systolic blood pressure. However,
the underlying mortality risk of the patient was far
more 1mportant than any of these factors individu-
ally.

One concern is that an aggressive therapy may ac-
tually be detrimental to patients at low risk of death
because most potent therapies have a finite risk of
catastrophic outcomes. In the treatment of sepsis,
this risk has been quantified.!® Similarly, in patients
with minimal anatomic disease, an excess risk with
coronary artery bypass grafting has been document-
ed.?” In the case of accelerated TPA, the excess risk
of intracranial hemorrhage is a concern. However,
because younger patients have a very low risk of in-
tracranial hemorrhage, the treatment effect was not
reversed, even in the lowest-risk group. Similar
findings have been reported by Boersma et al.,'2 who
used an overview of available evidence. In a hypo-
thetical decision-analysis construct, Hillegass et al.2!
found little impact from intracranial hemorrhage
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Killip Class | | 1] vV
Age Points Points Points  Points
30 19 39 48 53
40 28 42 53 59
50 38 49 59 65
60 47 56 64 70
70 57 63 /70 76
80 66 /0 /5 82
90 /5 /7 81 88
100 85 84 86 Q4
110 Q4 91 Q2 100

2. Sum Points For All Risk Factors
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1. Find Points for Each Marker

Heart Rate Systolic BP Points
Per min Points 40 14
0) 12 650 25
10 10 80 17
20 / 100 8
30 D 120 + 0
40 2
50 0 Prior MI Points
/70 4 Yes 5
Q0 8 No 0
110 13
130 17 MI Location Points
150 21 Anterior é
170 25 Inferior 0
190 30 Other 3
210 34
230 38

Age Heart Rate Systolic BP

Prior M

MI Location Point Total

3. Look Up Risk Corresponding to Point Total

Points SK Mortality  t+-PA Mortality

20 0.1% 0.1% -

30 0.4% 0.4%

40 0.8% 0.8%

50 1.7% 1.4% 0.3%
60 3.5% 2.8% 0.8%
/0 10% 8.3% 1.7%
80 20% 17% 3%
90 40% 35% 3%

0.01%

t-PA Reduction

Fig. 3. Nomogram to determine estimated 30-day mortality risk with streptokinase (SK) treatment for
patients with given characteristics and absolute mortality reduction that would result from substitution
of accelerated treatment. Point scores for each variable (1.) are added to produce overall point total (2.),
which corresponds to mortality risk at bottom of figure (3.). (Note: Because age interacts with Killip class,
age score that corresponds to patient’s Killip class should be used.) BP, Blood pressure; M1, myocardial in-

farction.

differences (within the range found in GUSTO-I) on
the choice of therapy.

Time to treatment is perhaps the most interest-
ing pathophysiologic construct from the perspective
of treatment benefit. Because the premise of the
GUSTO-I trial was that rapid and sustained reper-

fusion would improve survival through salvage of

more ischemic (but noninfarcted) myocardium, the
concept that TPA would be differentially more effec-
tive in patients treated earlier makes pathophysio-
logic sense. Indeed, some commentators have sug-

gested that streptokinase would be equally beneficial
beyond 4 hours from symptom onset.?? However, the
impact of time from symptom onset to treatment on
the effect of treatment was modest at best. Indeed,
the formal test for treatment interaction with time to
treatment was not statistically significant.” Because
our statistical model does not reflect such an inter-
action, and because patients who are treated later
are at somewhat higher risk (they are older and have
other baseline risk factors), the model predicts
slightly more treatment benefit in patients treated
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later. When viewed without taking these other fac-
tors into account, however, the empirical data show
a nonsignificant trend in the other direction.?3 The
lack of a strong relation in empirical outcomes be-
tween time to treatment and benefit of accelerated
TPA may reflect the complexity of estimating the
time and constancy of artery occlusion in patients
with varying sensitivities to ischemic pain. Many
patients treated later probably either did not have
total occlusion at the time of symptom onset or had
intermittent occlusion. Alternatively, a small, incre-
mental benefit may be gained even long after occlu-
sion, especially in patients with substantial collat-
eral flow.

Even 1n a study as large as GUSTO-I there is lim-
ited statistical power to detect a quantitative inter-
action between a risk factor and the relative benefit
of accelerated TPA, mainly because of the low event
rates. As an example, consider a formal test of
whether the relative benefit depends on age, and as-
sume that the age-benefit relation is linear. If we fit
a model on patients containing only age, a dummy
variable for TPA versus streptokinase (either mono-
therapy), and the product of these two, there is a
slight difference in slope that indicates that TPA may
be relatively less beneficial for older patients (with
intersection of the two lines at about 100 years). This
TPA-by-age interaction is not significant (P = 0.23).
The estimates of the two age slopes are 0.008 and
0.0086. The difference in slopes would need to be
0.014 instead of 0.0006 to provide 0.8 power to detect
a significant differential effect of TPA according to
age. No trial would likely enroll sufficient elderly
patients to conduct this test with a high degree of
confidence.

A clinician wishing to choose between accelerated
TPA and streptokinase for treatment of a patient
with ST-segment elevation infarction could use ei-
ther the previously published regression coefficients3
or the nomogram in this article to make an individ-
ual determination. The regression model is more ac-
curate for individual predictions, but the nomogram
has the advantage of being easier to use. General
knowledge that patients who are older or who have
anteriorinfarction, hypotension, a worse Killip Class,
or increased heart rate have higher mortality rate
and therefore receive more benefit with TPA can
provide nonquantitative guidance in treatment se-
lection.

Similar hypotheses can be generated about other
patient subgroups of interest. The increased stroke
rate 1n older patients has led some to recommend
streptokinase treatment for the elderly.2* However,
our data clearly demonstrated a benefit of acceler-
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ated TPA 1n older patients equal to or greater than
that in younger patients, except for possibly the very
elderly. None of the other patient characteristics as-
sociated with increased risk of stroke (blood pres-
sure, lower weight, female sex) were found to pro-
duce enough of an excess risk to override the mortal-
ity benefit of accelerated TPA. Although patients
with anterior infarction generally achieved greater
benefit than those with inferior infarction, the de-
gree of benefit appeared most related to the contri-
bution of infarct location to the patient’s total risk
and not to a specific biologic feature of anterior
infarction.

The results of this study are relevant only to
patients with ST-segment elevation and symptoms
compatible with acute myocardial infarction. Al-
though validating the findings in an independent
population would be ideal, another large trial com-
paring accelerated TPA with streptokinase is un-
likely. Nevertheless, the basic concept of the domi-
nance of underlying risk in determining the benefit
of more effective reperfusion therapy can be tested in
future trials of direct angioplasty, new thrombolyt-
ics, or adjunctive therapies. If reperfusion therapy
1s to be rationed, then integration of multiple base-
line characteristics to estimate underlying risk
would be much more sensible than a strategy based
merely on isolated individual characteristics of the
patient.
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