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Assessment of troponin-T for detection 
of clinical cardiac rejection 

Abstract Non-invasive detection 
of cardiac rejection still remains a 
challenge after heart transplanta- 
tion. We assessed troponin-T as a 
new serum marker to diagnose car- 
diac rejection. Twenty-five heart 
transplant patients (Berne) were 
monitored prospectively for up to 
2 years, and compared to 89 retro- 
spectively assessed patients (Stan- 
ford). Blood samples (392 Berne 
and 320 Stanford) were analyzed 
(creatine kinase, isoenzymes MB 
activity and MB mass, troponin-T 
and troponin-I). Regression analy- 
sis between the results of these 
blood samples and cardiac rejection 
grading from simultaneously per- 
formed endomyocardial biopsies 
was carried out. Troponin-T tests 
done in two different laboratories 
showed a good correlation ( Y  = 0.91; 
P < 0.0001 ), whereas tropinin-T 
versus troponin-I showed a lower 
correlation ( Y  = 0.53; P < 0.0001). 
Troponin-T and -I in contrast to 
other enzymes were elevated for a 

longer period (up to 4 weeks before 
returning to baseline) after trans- 
plantation than during conventional 
cardiac surgery. Beyond 3 months 
the following correlations were 
found between troponin-T (new or 
old test) and the other enzymes 
(creatine kinase: Y = 0.26, MB ac- 
tivity: r = 0.4, and MB mass: 
r = 0.68). The correlation between 
the degree of rejection and the en- 
zyme release is poor, however, the 
best results were obtained for 
troponin-T ( Y = 0.22: P < 0.001 ). We 
found a low correlation between 
troponin-T and the degree of rejec- 
tion beyond 3 months after heart 
transplantation. Despite a troponin- 
T elevation in some patients with 
rejection, the new test is not sensi- 
tive enough to be used alone for the 
non-invasive diagnosis of cardiac 
rejection. 
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Introduction 

The diagnosis of acute cardiac rejection remains a major 
problem after cardiac transplantation. According to the 
international ISHLT registry, mortality of cardiac rejec- 
tion in the early phase after transplantation is still high 
[ 11. Furthermore, the differentiation between cardiac 
rejection and infection can be difficult. So far the diag- 
nosis of rejection has been mainly based on the invasive 
endomyocardial biopsy technique first described by 

Caves followed by histological evaluation of the biopsy 
material [2,3] .  This method is invasive, time consuming, 
and cost intensive particularly since it has to be perform- 
ed regularly in the early phase after transplantation. 

Several non-invasive methods for detecting cardiac 
rejection have been assessed, but so far none is reliable 
enough to eliminate endomyocardial biopsy completely. 
These methods include echocardiography, nuclear mag- 
netic resonance imaging and spectroscopy, electrocar- 
diography with frequency analysis, cytoimmunological 
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monitoring, and a wide variety of serum assays [4-10], 
Only echocardiography is widely applied in the postop- 
erative monitoring of patients after cardiac transplanta- 
tion, but when signs consistent with rejection are found 
endomyocardial biopsy is still recommended. Myocar- 
dial serum markers such as creatine kinase and its isoen- 
zymes have been used in the past, but are considered 
bad predictors for the diagnosis of rejection [lo]. For 
some years troponin-T, and more recently troponin-I, 
have been used as a standard new specific assay for de- 
tecting myocardial damage [11, 121. Troponin is a myo- 
cardial protein of the contractile apparatus and has a 
high sensitivity and specificity for myocardial necrosis 
and even €or myocardial ischemia [13]. Several authors 
have reported a higher specificity and sensitivity when 
compared to conventional myocardial enzymes such as 
creatinine kinase and its isoenzymes or myoglobin even 
perioperatively [12,14]. 

Our group has published early experimental results 
showing a significant troponin-T elevation during cardi- 
ac rejection in the rat [15]. Several authors have as- 
sessed troponin-T clinically and found contradictory re- 
sults [16-181. Most groups report that the diagnosis of 
mild cardiac rejection is not reliable enough with tropo- 
nin-Tor troponin-I [16,18]. The aim of this study was to 
assess troponin-T and -I before, during, and after cardi- 
ac transplantation and to correlate it to the patient’s car- 
diac rejection score during the immediate and medium- 
term postoperative follow up. In addition, a comparison 
to other myocardial serum markers was performed. 

Patients and methods 
Prospective study at the University of Beriie 

Twenty-five heart transplant patients were monitored peri- and 
postoperatively for up to 2 years. Blood samples were drawn be- 
fore transplantation. 6 h after, on days 1, 3, and 7 postoperatively, 
and thereafter each time an endomyocardial biopsy was perform- 
ed. Thus 393 blood samples and 297 hiopsies were available for 
evaluation. 

This studv had received institutional approval. 

Retrospective study of patients at Stanford University 

Three hundred and twenty blood samples of 89 patients all beyond 
3 months after cardiac transplantation were sent to US for evalua- 
tion. 

Assessment of serum markers 

The following myocardial markers were used; their upper normal 
value at our institution is indicated in brackets: 

I .  Creatine kinase (CK 300 Uil, Boehringer Mannheim, Germany) 
3. Creatine kinase isoenzyme MB (CKMB activity 30 Uil; Boeh- 

ringer Mannheim. Germany) 

3. CKMB mass (CK mass 1 &I. Stratus. Boehringer Mannheim, 

4. Troponin-T (TNT 0.3 pgil, Enzymun test: Boehringer Mann- 

5. Troponin-T new (TNT 0.1 pgil, Stat-test; Boehringer Mann- 

6. Troponin-I (TNI 0.6 pgil; Dade, USA) 

Blood samples were all stored at -80°C degrees and all tests were 
performed in duplicate. The diagnosis of cardiac rejection was as- 
sessed on specimens from endomyocardial biopsy. They were grad- 
ed according to the ISHLT classification and the Texas score (31. 
The calculations were performed using the Texas grading system 
only since it is linear from 0-10. 

All patients received a triple regimen of immunosuppression 
(cyclosporine, Imuran, prednisone) after an antithymocyte globu- 
lin (ATG) induction therapy of 5 days. Mild rejections (1 a )  were 
not treated. If a rejection episode was ongoing or more severe 
(grade 1 b ISHLT) treatment with 500-1000 mg Solumedrol i.v. 
on 3 consecutive days was administered. In three cases mycopbe- 
nolate mofetil (Cellcept) was used for the treatment of acute rejrc- 
tion. One patient required plasmapheresis because of a presumed 
vascular rejection with severe hemodynamic compromise of the 
graft. There were 1.3 moderate rejection episodes per patient in 
the first 3 months. One patient died from organ failure and another 
from progressive severe rejection. 

The Stanford patients were treated with triple therapy and 
showed very low grades of rejections ( c 1 h ISHLT) since they 
were beyond 3 months after the cardiac transplantation. and none 
required treatment for rejection during the time of the study. 

Germany) 

heim, Germany) 

heim, Germany) 

Statistics 

All values are expressed as mean values k 1 SD with the range in 
brackets. Regression analyses were performed using stata (Santa 
Monica, USA). Specificity and sensitivity tests were omitted since 
results of the regression analysis were poor. 

Results 

Prospective patients at the University of Berne 

Table 1 shows the mean values of the myocardial mark- 
ers and the rejection grading according to the Texas 
score during the 1st and 2nd, and beyond the 2nd, 
month after transplantation. All values during the 1st 
month were higher than the upper normal value for 
each assay. They dropped during the 2nd month and 
were always normal after the 2nd month. In contrast, 
the mean degree of rejection was slightly elevated and 
showed no change over time (Texas 1.6 t 1.3). However, 
there were 0.4 episodes per month and patient with 
acute rejection requiring treatment during the first 
3 months. 

There was a significant correlation between tropo- 
nin-T and the other myocardial markers overall or be- 
yond 3 months after transplantation. The best correla- 
tion was found for the two troponin-T assays (Y = 0.88 
and 0.91 ) followed by troponin-T versus creatine kinase 
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Table I Myocardial serum markers after cardiac transplantation: 
variation with time for the patients in Berne ( n  = 397) ( P O D  Post- 
operative day. T N T  troponin-T, CK creatine kinase, C K M B  creat- 
ine kinase MBI 

Time < 30 POD > 30 POD > 60 POD 

TNT ( & I )  1.75 f 1 .Y 0.07 f 0.4 0.03 k 0.1 

CK (Ui l )  476f738 117f2.10 141 f 273 

CRMB (mass: pgil) 22.99 f 55.6 1.9 f 3.7 1.Y4 f 4 

TNT new (pgil) 1.55 f 1.S 0.11 k 0.6 0.019 f 0.6 

CKMB (activity; Uil) 42.57 f 44.5 13.8 k 16.6 15.5 f 18.9 

Texas score (0-10) 1.68k 1.58 1.64f 1.3 1.46k 1.2 

MB (CKMB) mass (Y = 0.68), CKMB activity (Y = 0.4) 
and creatine kinase (Y = 0.26). The correlation between 
troponin-T and troponin-I was low (Y = 0.53 and 0.44). 
(Table 3) .  Troponin-T values showed a prolonged and 
higher elevation after cardiac transplantation than after 
conventional cardiac surgery. In the latter case, if there 
is no significant perioperative ischemia, baseline values 
are reached within a few days and the curve is only rare- 
ly biphasic (see Fig. 1). In contrast, after transplantation 

Fig. 1 Perioperative time course of mean values of cardiac markers 
for 29 patients undergoing heart surgery without ECG changes, at 
the following time points: 1 preoperative, 1 1 h on cardiopulmo- 
nary bypass, .I on arrival in the intensive care unit, 4 6 h postopera- 
tively, 5 first postoperative day (POD),  6 second POD, 7 third 
POD, 8 fifth POD, 9 at hospital discharge. Represented are the rel- 
ative concentrations (discrimination = 1) of the mean values of 
maximum peak levels for troponin-T (ygil), creatine kinase (CK: 
LJil) ,  creatine kinase MB ( C R M B )  activity (UA), CKMB mass 
( C K  Mass; pg i l )  

Table 2 Correlation ( r )  and significance ( P )  of troponin with other 
myocardial serum markers ( T N I  Troponin-I) 

~~ 

TNT vs serum marker r P <  

University of Berne ( M  = 3Y2) after 3 months 
TNT vs TNT new 
TNT vs CK 
TNT vs CKMB (activity) 
TNTvs CKMB (mass) 

TNT vs TNT new 
TNT vs T N  I 
TNT new vs TNI 
TNT vs CK 
TNT vs CKMB (activity) 

Stanford University ( n  = 320) after 3 months 

0.88 0.0001 
0.76 0.001 
0.4 0.001 
0.6X 0.0001 

0.91 0.0001 
0.44 0.001 
0 5 3  0.0001 
0.13 0.02 
0.04 0.51 

these values often show a relative elevation of 10-24- 
fold and a biphasic curve, and return to  normal values 
only after 2-3 weeks. We did not find a significant differ- 
ence between the two troponin-T assays (Figs.? 3). 

Correlation between the degree of cardiac rejection 
and the elevation in serum markers is poor despite 
most being significant in the regression analysis. The 
highest is found for troponin-T (Y = 0.22; P < 0.001), fol- 
lowed by creatine kinase, CKMB activity, and CKMB 
mass (Table 3). Comparing patients with mild rejection 
(Texas score 0-3) to patients with moderate (Texas 
score 2 3) rejection, we found a significant difference 
with up to tenfold higher troponin-T values in the pa- 
tient with moderate rejection. The difference in value 
of the other cardiac enzymes is not significant (Table 4). 
In three patients there was an elevation of both troponin 
assays which preceded, or were simultaneous with, the 
onset of endomyocardial rejection (Figs. 2 , 3 ) .  

+ Troponin T (ug/L) 
4- CK Mass (ug/L) 

T 
T i 

1 
r - - - r - r -  1 I v-- L-.__---- 

1 2 3 4 5 6 7 a 9 
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Fig.2 A marked 10-14-fold el- 
evation of the normal troponin- 
T and troponin-T new values is 
seen in the first days after 
transplantation with a biphasic 
character. On day 7 both tropo- 
nin-T and troponin-T new show 
a de novo increase which goes 
along with a moderate rejection 
on biopsy. The decay is slowed 
down and takes up t o  1 months 
until the values are normal. O n  
day 95 and on  day 106, tropo- 
nin-T rises with documented 
ongoing or preceding an onset 
of acute cardiac rejection 

F i g 3  Shows a patient course 
with a 30-fold increase of 
troponin-T and a 70-fold in- 
crease of the new troponin-T 
with an early normalization of 
these values at  1 week. This is 
followed by two de novo in- 
creases at 7 and 3 weeks post- 
operatively. Simultaneously 
there is a positive biopsy re- 
sult of mild rejection 
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Figs.2,3 Time course of myocardial serum markers and degree of 
cardiac rejection. The x-nxis represents postoperative days, the 
leff ortlinutr the relative elevation for troponin-T ( TNTrel), creat- 
ine kinase (ckrel) ,  creatine kinase MB activity (mhrel) ,  creatine ki- 
nase MB mass (mnsrel) and Troponin-T new (tntnrel); the right or- 
dinate indicates the degree of rejection according to the Texas 
score. A score above 3 is considered to be moderate rejection 

mean rejection grading was 0.6 * 0.93 according to 
the Texas score (yielding a correlation of r = 0.22; 
P < 0.001). Similar correlation factors as described above 
were found among the myocardial enzymes. Thus a poor 
relationship was found between myocardial markers and 
the degree of rejection as described above. (Tables 2 , 3 ) .  

Results of the patients from Stanford University 

The results of 320 blood samples drawn 3 months after 
transplantation were all in the normal range if the mean 
values are considered. The simultaneously diagnosed 

Discussion 

Troponin-T, and more recently troponin-I, has demon- 
strated the highest predictive value for myocardial is- 
chemia with or without necrosis [13, 141. A significant 
elevation was found in an experimental heterotopic 



Tahle 3 Correlation ( r )  of the degree of rejection (Texas score) 
with various serum markers for the patients at  Berne and Stanford 
LJniversities 

Serum marker Berne Stanford 

T N T  0.7" 0.774: 
T N T  new 0.17" 0."" 
TN I - 0.19" 
CIi 0.18" 0.13" 
CKMB (activity) 0.1 * 0.02 
CKMB (mass) 0.03 - 

* P < 0.001 (regression analysis) 

Tahle 4 Values of serum markers according to  the degree of rejec- 
tion (Texas) for the Berne patients (n = 392) 

Serum marker Texas score 0-3 Texas score > 3 

TNT ( p g i l )  0.02 k 0.05" 0.77 k 0.8" 
T N T  new ( p g i l )  0.04 f 0.73" 0.71 2 0.7" 
CK (Uil) 78.3 f 105 737 1 353 
CKMB (activity; Uil) 11.4 f 6.1 23.3 1 31.1 
CKMB (mass; &I)  1.417.3 3.8 i 6.3 

" P < 0.05 

transplantation model with an increasing degree of re- 
jection [ 151. This finding contradicts some clinical trials 
where no correlation between rejection and troponin-T 
elevation could be found [16, 181. It must be emphasized 
that all degrees of rejection in the experimental paper 
showed histologically some degree of myocytolysis 
[ 151. It is probable that the currently available tropo- 
nin-T and - I  tests do require myocardial cell membrane 
damage to release the cytosolic or later the bound 
troponin fraction in order to be detectable in the serum. 
Despite using two troponin-T assays (one being four 
times more sensitive than the commercially available 
test) the correlation between cardiac rejection and 
troponin-T did not improve. For this reason, calcula- 
tions of sensitivity, specificity, and prediction value 
were not performed. Probably the use of mean values 
in this study at various time points after transplantation 
might have reduced the relevance of detection of cardi- 
ac rejection. If one considers the longitudinal course as 
shown in Figs. 2 and 3, troponin-T may well be an indi- 
cator for monitoring rejection. This is important espe- 
cially since in three of our patients the test showed an el- 
evation simultaneously or l week before the biopsy in- 
dicated cardiac rejection. This finding is in accordance 
with Hossein et al. who were able to show different lev- 
els of troponin-T according to the severity of rejection 
[17]. More recently, Dengler et al. have used a non-com- 
mercially available highly sensitive troponin ELISA test 
in 322 serum samples from 95 heart transplant recipi- 
ents: their results showed a sensitivity of 78% and a 
specificity of 61 % [19]. However, so far no other centers 
have been able to duplicate their results. 

Comparing troponin-T to other myocardial serum 
markers we always found significant regressions, but 
suboptimal correlations. This is due to the fact that the 
kinetics and the specificity of myocardial damage show 
great variability depending on the markers used. The 
best correlation existed between troponin-T and 
CKMB mass ( Y = 0.68) followed by troponin-I 
( Y  = 0.53). Equally the best correlation was found, al- 
though poor, between troponin-T and rejection 
( Y  = 0.22). A further severe limitation of the use of 
troponin-T or troponin-I for monitoring patients after 
cardiac transplantation results from the fact that these 
markers stay elevated for a relatively long period after 
transplantation before returning to normal values as 
shown in this paper and by others (181. This occurs nor- 
mally only after 1 month and only if there is no ongoing 
rejection. Thus the test cannot be used in the critical ear- 
ly phase after transplantation when patients suffer the 
most frequent and severe episodes of rejection. On the 
other hand, patients beyond 3 months after transplanta- 
tion rarely show acute rejection and if so, mainly mild 
which can hardly be detected with this test. Since the 
present test does not permit the diagnosis of mild rejec- 
tion episodes, its value as a routine longitudinal screen- 
ing test is questionable. On the other hand the value of 
troponin-T for screening potential heart transplant do- 
nors has been reported [20]. 

In conclusion, troponin-T and troponin-I show a low 
correlation to cardiac rejection. Thus they can hardly 
be recommended for the detection of rejection after hu- 
man cardiac transplantation. Furthermore, soon after 
transplantation troponin-T or -I are highly elevated for 
a prolonged ill-defined period. Nevertheless, they 
showed the best correlation, although poor, to the de- 
gree of rejection compared to other myocardial serum 
markers. In patients with suspected rejection, troponin- 
T can be of great help since in three of our patients it 
was elevated before or during the onset of moderate car- 
diac rejection. More sensitive assays may improve this 
screening test in the future, allowing a non-invasive 
monitoring of cardiac rejection. 

Acknowledgements The authors would like to express their thanks 
to Mrs H. Bockhoff for performing all the tests and to the staff of 
the Cardiology, Transplantation. and Clinical Chemistry Units. 



References 

1. Hosenpud JD, Novick RJ. Bennett LE, 
Keck BM, Fiol B, Daily OP (1996) The 
Registry of the International Society for 
Heart and Lung Transplantation: thir- 
teenth official report. J Heart Lung 
Transplant 15: 655-673 

7. Caves PK, Stinson EB, Billingham ME. 
Rider AK, Shumway NE (1973) Diag- 
nosis of human cardiac allograft rejec- 
tion by serial cardiac biopsy. J Thorac 
Cardiovasc Surg 66: 361-366 

3. Billingham ME, Cary NRB. Hammond 
ME. et a1 ( 1990) A working formulation 
for the standardization of nomenclature 
in the diagnosis of heart and lung rejec- 
tion: heart rejection study group. 
J Heart Lung Transplant 9: 587-593 

1. Dahkins KD. Oldershaw PJ, Billing- 
ham ME, et a1 (1985) Noninvasive as- 
sessment of cardiac allograft rejection. 
Transplant Proc 17: '15-217 

5. Revel MD, Chapelon C, Mathieu D, 
et al (1'189) Magnetic resonance imag- 
ing of human orthotopic heart trans- 
plantation: correlation with endomyo- 
cardial biopsy. J Heart Lung Transplant 

6. Doornbos J ,  Verwey H, Essed CE, Balk 
AH, Roos A de (1990) MR imaging in 
assessment of cardiac transplant rejec- 
tion in humans. J Comput Assist To- 
mogr 13: 77-81 

7. Walpoth BH, Tschopp A. Lazeyras F, 
Galdikas J, Tschudi J, Altermatt H. 
Schaffner T, Aue WP, Althaus U (1993) 
Magnetic resonance spectroscopy for 
assessing myocardial rejection in the 
transplanted rat heart. J Heart Lung 
Transplant 12: 271-287 

8: 139-136 

8. Warnecke H. Schueler S, Goetze H-J, 
et al(1986) Noninvasive monitoring of 
cardiac allograft rejection by intramyo- 
cardial electrogram recordings. Circu- 
lation 71: 72-76 

9. Ertel W, Reicheuspurnei- H. Hammer 
C, et a1 (1985) Cytoimmunologic moni- 
toring: a method to reduce biopsy fre- 
quency after cardiac transplantation. 
Transplant Proc 17: 203-106 

10. Ladowski JS, Sullivan M. Schatzlein 
MH, Peterson AC, Underhill DJ, 
Scheeringa R H  (1992) Cardiac isoen- 
zymes following heart transplantation. 
Chest 102: 1520-1521 

11. Katus HA, Remppis A, Looser S, Hal- 
lermayer K, Scheffold T. Kiibler W 
( 1989) Enzyme linked immunoassay of 
cardiac Troponin-T for the detection of 
acute myocardial infarction. J Mol Cell 
Cardiol21: 1319-1353 

Hamm CW, Jmrgensen PJ, Peheim E,  
et a1 (1991) S-Troponin-T in suspected 
ischemic myocardial injury compared 
with mass and catalytic concentration of 
s-creatine kinase isoenzyme MB. Clin 
Chem 37: 1105-1411 

13. Hamm CW, Ravkilde J ,  Gerhardt W, 
JGrgensen PJ, Peheim E, Ljungdahl J. 
et al (1992) The prognostic value of se- 
rum Troponin-T in unstable angina. 
N Engl J Med 327 (3):146-150 

11. Katus HA, Schoeppenthau M, Tanzeem 
A, Bauer HG, Saggau W, Diederich 
KW, Hag1 S, et al(1991) Non-invasive 
assessment of perioperative myocardial 
cell damage by circulating Troponin-T. 
Br Heart J 65 (5):159-765 

12. Gerhardt W, Katus HA, Ravkilde J ,  

15. Walpoth BH. Tschopp A, Peheim E, 
Schaffner T, Althaus U (1  995) Assess- 
ment of Troponin-T for detection of 
cardiac rejection in a rat model. Trans- 
plant Proc 27: 7081-287 

16. Wang CW, Steinhubl SR, Castellani WJ. 
Van Lente F, Miller DP, James KB, 
Young JB ( 1996) Inability of serum my- 
ocyte death markers to predict acute 
cardiac allograft rejection. Transplanta- 
tion 62: 1938-1931 

17. Hossein-Nia M, Mascaro J ,  McKenna 
WJ, Murday AJ, Holt DW (1993) 
Troponin-T as a non-invasive marker of 
cardiac allograft rejection (letter; com- 
ment). Lancet 331 (8818):838 

Ring GH, Remppis A, Lange R, Hag1 S, 
Kubler W, Katus HA (1993) Troponin- 
Trelease after heart tramplantation. Br 
Heart J 69: 395-398 

Bahrle S, Szabo G ,  Zimmermann R 
(1  996) Elevated troponin Tserum levels 
in acute graft rejection after cardiac 
transplantation. Circulation (Suppl 1) 
%:I-290 

20. Riou B, Dreux S, Roche S, Arthaud M, 
Goarin JP. Leger P, Saada M, Viars P 
(1995) Circulating cardiac troponin T in 
potential heart transplant donors. Cir- 
culation 92: 109-113 

18. Zimmermann R, Baki S. Dengler TJ. 

19. Dengler TJ, Braun K, Zehelein J, 


