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Figure 2 (A) Frequency
distribution of troponin T
ratio values (PV1/38) in
patients with recanalisation
<58 h and >5-8 h after
onset of symptoms
(asterisks) and tn patients
with a permanently
occluded infarct-related
artery (hatched columns).
(B) Univariate analysis of
correct classification of
infarct reperfusion
according to the value of
the troponin T ratio. Y
axis: probabiliry of correct
classtfication of reperfusion
at <58 h versus at

>5-8 h or non-reperfused
acute myocardial
infarction. X axis:
probability of correct
classtfication as reperfused
or non-reperfused acute
myocardial infarction.
TnT, troponin T.

Figure 3 (A) Frequency
distribution of troponin T
ratio values (14/38) in
patients with recanalisation
<5-8 h and >5-8 h after
onset of symptoms
(asterisks) and in parients
with permanently occluded
infarct-related artery
(hatched columns). (B)
Univariate analysis of
correct classtfication of
infarct reperfusion
according to the value of
the troponin T ratio. Y
axis: probability of correct
classification of reperfusion
at <58 h versus at > 5-8
h or non-reperfused acute
myocardial infarction. X
axis: probabiliry of correct
classification as reperfused
or non-reperfused acute
myocardial infarction.
TnT, troponin T.
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were selected as possible indicators of early
reperfusion of AMI that were independent of
AMI size. These were the ratio of the ¢cTnT
value of peak 1 divided by the 38 hours value
(PV 1/38) and the ratio of the ¢cTnT value of
14 hours divided by the 38 hours value
(14/38).

DEFINITION AND EVALUATION OF
DISCRIMINATOR VALUES OF CTNT INDICES
(FIGS 2 AND 3, GROUP 1 PATIENTS)

The frequency distributions of PV1/38 and
14/38 cTnT ratios in patients with reperfused
and non-reperfused AMI are shown as his-
tograms in figs 2A and 3A respectively. The
cTnT ratios of three patients with recanalisa-
tion at 65, 6-8, and 7 h after onset of symp-
toms and in whom no early serum cTnT peak
was observed are indicated by asterisks. The
c¢TnT ratios of these three patients overlap
with those found in patients with permanent
occlusion of the infarct-related arteries. cTnT
ratios clearly distinguished between the
remaining 50 patients with successful recanal-
isation and the patients in the group with per-
manent occlusion.

Figures 2B and 3B show use of logistic
regression analysis to define the probability of
correct classification by selected cTnT indices
of patients with infarct reperfusion <5:8h
after onset of symptoms and of non-reper-
fused AMI. The probability of recanalisation
at <5-8h was >95% when cTnT ratios
PV1/38 and 14/38 exceeded 1-42 and 1-09
respectively. The probability of the presence
of non-reperfused AMI was >95% when
PV1/38 or 14/38 cTnT ratios were <0-99 and
<0-84 respectively.

Table-4 shows the discriminatory power of -

the selected cTnT indices in group 1 patients.
The cTnT PV1/38 and 14/38 ratios of five
(7%) and three (4%) patients were in the
95%-5% probability range for the presence of
reperfused or non-reperfused AMI. There-
fore, these patients could not be classified by
selected cTnT indices. All remaining patients
who had recanalisation <5-8 h after onset: of
symptoms and all patients with non-reper-
fused AMI were correctly classified. When the
three patients with recanalisation >5-8 h are
included as patients with reperfused AMI the
sensitivities and negative predictive values of
the selected indices are reduced to 94%/93%
and 83%/84% for the PV1/38 and 14/38
¢TnT ratios respectively.

Table 4 Discriminatory power of selected troponin T indices in group 1 patients

TnT index PV1/38 TnT index 14/38

TnT ratio Class Patients TnT Ratio Class Patients

>1-42 Reperfusion 48/71 (68%) >1-09 Reperfusion 49/71 (69%)

1-42-0-99 Undefined 5/71 (1%) 1-09-0-84 Undefined 3/71 (4%)

<0-99 No reperfusion 18/71 (25%) <0-84 No reperfusion 19/71 (27%)
Early Rep/N-Rep  Rep/N-Rep Early Rep/N-Rep  Rep/N-Rep

Sensitivity 100% 94% Sensitivity 100% 93%

Specificity 100% 100% Specificity 100% 100%

PV pos 100% 100% PV pos 100% 100%

PV neg 100% 83% PV neg 100% 84%

Efficiency 100% 95% Efficiency 100% 94%

Early Rep, patients with recanalisation <5-8 h after onset of symptoms; N-Rep, patients with permanent qcclusion of the infarct
related artery; PV neg, negative predictive value; PV pos, positive predictive value; Reperfusion, patients with successful recanali-
sation; TnT, troponin T; PV 1/38, ratio of troponin T concentrations at peak value 1 to those at 38 h after onset of symptoms; 14/38,
ratio of troponin T concentrations at 14 to those at 38 after onset of symptoms.
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Figure 4 Relation between values of troponin T ratios (PV1/38) and duration of
ischaemia before recanalisarion in 45 group 2 patients (triangles). Troponin T ratios of the
remaining eight patients with a permanent occlusion of the infarct-related artery are shown
on the right (squares). The lightly shaded area tndicates the range of troponin T ratios that
cannot be used to classify patients corvectly. The darkly shaded area indscates ratios with
<5% probability of reperfusion. PO, permanent occlusion.
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Figure 5 Relation between values of troponin T ratios (14/38) and duration of ischaemia
before recanalisation in 45 group 2 patients (triangles). Troponin T ratios of the remaining
eight parients with a permanent occlusion of the infarct-related artery are shown on the
right (squares). The lightly shaded area indicates the range of troponin T ratios that
cannot be. used to classtfy patients correctly. The darkly shaded area indicates ratios with
<5% probability of reperfusion. PO, permanent occlusion.

EVALUATION OF THE CTNT INDICES IN THE
PROSPECTIVE ANALYSIS OF GROUP 2 PATIENTS
Figures 4 and 5 show the PV1/38 and 14/38
¢TnT ratios in relation to the duration of
ischaemia until successful recanalisation in 53
group 2 patients with immediate and late
angiography. The range of cTnT ratios
between the discriminator values of 95% and
5% probability of reperfusion is indicated by a
lightly shaded area, whereas the range of

i

c¢TnT ratios with <5% probability of reperfu-
sion (or >95% probability of presence of non-
reperfused AMI) is indicated by the darker
area.

The values of the ¢TnT ratios increased
exponentially with- decreasing duration of
ischaemia before recanalisation. Therefore, all
patients with recanalisation <4 h after onset
of symptoms were correctly classified. In one
(PV1/38) and two (14/38) of the eight
patients  with permanent occlusion of the
infarct related artery cTnT ratios exceeded
the discriminator values. In one of these two
patients the times to peak CK and CK-MB
activity of 7-5h and 7-0 h indicated reper-
fused AMI. In the other patient with border-
line ¢TnT ratios the times to peak CK and
CK-MB activity were 17 h and 16 h respec-
tively.

The discriminatory power of selected cTnT
indices was tested in group 2 patients (table
5). ¢TnT ratios in five (9%) and four (8%)
patients  were .in the 95%-5% probability
range for PV1/38 and 14/38 ¢TnT ratios
respectively. These patients could not be clas-
sified. All the remaining patients with success-
ful recanalisation were correctly classified
(sensitivity 100%). The specificity of the
PV1/38 and 14/38 ¢TnT indices was reduced
to 75% and 86% by the two patients dis-
cussed in detail above. All patients with cTnT
ratios below the 5% probability level of reper-
fused AMI showed occluded coronary arteries
on angiography (negative predictive power =
100%).

NON-INVASIVE CLASSIFICATION OF GROUP 3

PATIENTS BY CTNT INDICES (FIGS 6 AND 7)

In four (14%) of the 28 patients treated with
thrombolytic agents cTnT criteria indicated
non-reperfused AMI. In one of these four
patients with an open coronary artery at 3
weeks thrombolytic treatment was started 5 h
after the onset of pain, whereas in the remain-
ing three patients treatment was started < 3-5h
after the onset of symptoms. In the 20
patients not treated with thrombolytic agents,
three (11%) (fig 6) and five (23%) (fig 7)
patients had c¢TnT ratios indicating sponta-
neous reperfusion of the AMI zone <58 h
after the onset of symptoms. In this group the
highest ¢TnT ratios were found in two
patients in whom ventricular fibrillation
developed before thrombolytic therapy was
started. All patients with an occluded coro-
nary artery on late angiography had c¢TnT

Table 5 Discriminatory power of selected troponin T indices in group 2 patients

TnT index PV1/38 TnT index 14/38

TnT Ratio Class Patients TnT Ratio Class Patients

> 142 Reperfusion 42/53(79%) > 1-09 Reperfusion 43/53(61%)

1-42-0-99 Undefined. 5/53(9%) 1-09-0-84 Undefined 4/53(8%)

<099 No reperfusion 6/53(11%) <0-84 No reperfusion 6/53(11%)
Rep/N-Rep Rep/N-Rep

Sensitivity 100% Sensitivity 100%

Specificity 75% Specificity 86%

PV pos 95% PV pos 98%

PV neg 100% PV neg 100%

Efficiency 96% Efficiency 96%

See footnote to table 4 for abbreviations.
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Figure 6 Troponin T
ratios (PV1/38) of 28
group 3 patients treated
with thrombolytic agents
are shown on the left and
results for 20 group 3
patients not treated by
thrombolytic agents are
shown on the right. Arrows
indicate patients with
repetitive ventricular
fibrillation after admission.
The lightly shaded area is
the range of troponin T
ratios that cannot be used
to classify parients
correctly. The darkly
shaded area indicates ratios
with <5% probability of
reperfusion.

Figure 7 Troponin T
ratios (14/38) of 28 group
3 patients treated with
thrombolytic agents are
shown on the left and
results for 20 group 3
patients not treated by
thrombolytic agents are
shown on the right. Arrows
indicate patients with
repetitive ventricular
fibrillation after admission.
The lightly shaded area is
the range of troponin T
ratios that cannot be used
to classify patients
correctly. The darkly
shaded area indicates ratios
with <5% probability of
reperfusion.

*(10)
*

O Vessel patent
6l @ Vessel occluded
* No angiography

x &

Troponin T ratio (PV1/38)
£
|

S
OPED Bt o

*%

PV1/38 PV1/38

Recanalisation therapy = No recanalisation therapy
(n =28) (n = 20)

*(10)
O Vessel patent

% @ Vessel occluded
@ B * No angiography
5
g
B R
l_
k= 8*
c o)
S e3t oA
o 2+ “~
= SR *

14/38 14/38

Recanalisation therapy =~ No recanalisation therapy
(n =28) (n =20)

ratios below the discriminator values for non-
reperfused AMI.

Discussion

This study shows that cTnT measurements
during the first two days after onset of AMI
can be used to assess the early success of
thrombolytic therapy. After reperfusion of the
infarct zone a functionally unbound fraction
of ¢TnT is released which shows kinetics in
serum similar to cytosolic CK. By relating the
changes in serum concentration of this rapidly
appearing cTnT pool to the cTnT concentra-
tions resulting from degradation of myofibrils,
we derived indices that strongly depended on
the success of thrombolytic therapy and on
the duration of ischaemia before recanalisa-
tion was achieved. All patients with recanali-
sation < 4 h after onset of symptoms were
correctly classified by the discriminator values
of ¢TnT indices that we selected (PV1/38 >
1-42, 14/38 > 1-:09). Furthermore, 15 (75%)
and 14 (70%) of the 20 patients with recanali-
sation >4 h after the onset of symptoms were
also correctly identified as successfully treated
patients. However, the discriminatory power

of the selected indices decreased with increas-
ing duration of ischaemia before recanalisa-
tion. Thus patients with recanalisation >5-8 h
after onset of pain could not reliably be classi-
fied by ¢TnT criteria.

The discrepancy between biochemical and
angiographic indices of reperfusion was
greater in patients classified as having non-
reperfused AMI according to angiography.
Two of the eight group 2 patients with non-
reperfused AMI clearly had a successful
reperfusion according to biochemical indices.
Whereas in one patient it seems likely that the
wrong vessel was classified as the infarct-
related artery, the discrepant findings were
not immediately obvious in the second
patient. The most likely explanation in this
patient is that periods of intermittent recanali-
sation not detected by angiography may have
increased ¢cTnT, CK, and CK-MB washout
from the infarcting myocardium. This indi-
cates that reocclusion occurring after short
periods of reperfusion may not be detectable.
In six of the nine patients with TIMI grade II
flow the c¢TnT ratios indicated successful
reperfusion whereas in three patients no
increased washout of cytosolic ¢cTnT was
seen.

Thus though biochemical and angiographic
indices yield similar results in most patients,
both methods of evaluation have specific limi-
tations. The disadvantage of angiography is
that the snap-shot visual estimation of flow of
contrast material is not a true measure of
reperfusion.!?

LIMITATIONS OF THE STUDY

In the present study most patients developed
Q wave AMI. Therefore, the indices derived
in this study should be applied only to a simi-
lar group of patients. In patients with non-Q
wave AMI a subtotal obstruction of the
infarct-related artery or significant collateral
blood flow to the infarcting myocardium are
frequent findings.!' '? Both circumstances may
result in an increased wash-out of cytosolic
marker molecules and therefore may interfere
with biochemical analysis of the success of
reperfusion therapy.

CLINICAL SIGNIFICANCE

CTnT indices not only allow the non-invasive
prediction of reperfusion but also seem to
reflect the efficiency of reperfusion. cTnT
ratios were highest in patients with brief peri-
ods of ischaemia and TIMI grade III flow
after recanalisation. Thus high c¢TnT ratios
indicate early and very efficient reperfusion.
In contrast, borderline cTnT ratios corre-
spond to either a poor or a late reperfusion of
AMI or both. Therefore the analysis of tro-
ponin T ratios can be used to confirm the
angiographic evaluation of the effects of
thrombolytic therapy on reperfusion of AMI.
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