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Objectives: P a ed ia tric ca rd ia c surgery  is a ssocia ted  w ith  a  tem p ora ry  rise in 
ca rd ia c trop onin T  (cT nT ) d uring th e p ostop era tive p eriod . W e h a ve tested  th e 
h y p oth esis th a t d ex a m eth a sone given before ca rd iop ulm ona ry  by p a ss sta rts 
m a y  h a ve m y oca rd ia l p rotective effects a s a ssessed  by  th e p ostop era tive 
p rod uction of cT nT . 

Design: P rosp ective ra nd om iz ed  interventiona l stud y . 

Setting: P a ed ia tric intensive ca re unit in a  university  h osp ita l. 

Interventions: P a tients w ere ra nd om ly  a lloca ted  to a ct a s controls or receive a  
single d ose of d ex a m eth a sone (1 m g k g-1) d uring ind uction of a na esth esia . 
M ea surem ents a nd  results: cT nT  w a s m ea sured  four tim es p ostop era tively ; 
im m ed ia tely  a fter a d m ission to th e p a ed ia tric intensive ca re unit (P ICU ) a nd  a t 
8, 15  a nd  24  h  th erea fter. B oth  group s h a d  sim ila r cT nT  concentra tions on 
P ICU  a d m ission; 2 (1.5 6  –  2.5 1) ng m l-1 (m ea n (9 5 %  Confid ence Interva ls)) in 
th e group  w ith out d ex a m eth a sone a nd  1.85  (1.5 5  –  2.15 ) ng m l-1 in th e group  
w ith  d ex a m eth a sone. Concentra tions of cT nT  8 h  a fter a d m ission to th e P ICU  
w ere 3 .0 8 (2.4 6  –  3 .6 9 ) ng m l-1 in p a tients not receiving d ex a m eth a sone a nd  
1.9 9  (1.5 3  –  2.4 5 ) ng m l-1 in p a tients receiving d ex a m eth a sone. Overa ll 
d ifferences betw een th e tw o group s w ere significa nt (P  <  0 .0 3 5 ). A fter subgroup  
sta tistica l a na ly sis d ifferences betw een th e tw o group s rem a ined  significa nt only  
a t 8 h  (P  <  0 .0 0 5 ). A t 15  h  a nd  24  h  a fter a d m ission to th e P ICU  d ifferences 
w ere no longer significa nt. 

Conclusions: T h e use of d ex a m eth a sone (1 m g k g-1) before ca rd iop ulm ona ry  
by p a ss sta rts is a ssocia ted  w ith  a  sh ort lived  significa nt red uction in 
p ostop era tive cT nT  p rod uction. T h e clinica l significa nce of th is effect is unclea r. 
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The use of cardiopulmonary bypass (CPB) can induce a systemic inflammatory 
response syndrome in the postoperative period. This phenomenon is probably 
more exaggerated in the paediatric population as a greater proportion of the 
patientÊs blood is exposed to the surface of the CPB circuit.1 The 
proinflammatory response associated with the use of CPB in children has been 
reviewed extensively elsewhere.2 Within the paediatric population, neonates 
may react differently to CPB exposure, with higher proinflammatory cytokine 
production.3

Corticosteroids have been used extensively in adult cardiac surgery. Patients 
given methylprednisolone before CPB started had higher cardiac indices than 
those given placebo.4 More recent studies, however, have shown that the use of 
methylprednisolone offered no clinical advantage in adults undergoing cardiac 
surgery with CPB.5 E xperience with steroids in paediatric cardiac surgery, on 
the other hand, is limited. The assumption has always been that the paediatric 
myocardium is more resistant to hypoxia than the adult one. This may not be 
the case.6

Steroids given before CPB starts reduce significantly the postoperative 
production of proinflammatory cytokines in children7 and may provide 
myocardial protection during cardiac surgery. The use of troponins as surrogate 
markers to assess the potential myocardial protective effect of steroids is not a 
new concept.8,9 H owever in those studies the investigators measured cardiac 
troponin I (cTnI). Sasse and colleagues10 showed that up to nine months after 
birth in healthy infants, and for up to two years in infants with congenital heart 
disease, cTnI is not expressed solely in the myocardium, but is also expressed 
in variable amounts from slow twitch skeletal muscle.

Cardiac troponin T (cTnT) is a specific marker of myocardial infarction.11 It is 
also a reliable marker of myocardial injury in children. Cardiac troponin T 
(cTnT) concentrations rise postoperatively in paediatric patients undergoing 
cardiac surgery with CPB;12 up to three times the average cTnT that could be 
found in adult patients undergoing coronary artery bypass surgery.13

We have tested the hypothesis that dexamethasone given before CPB starts may 
have myocardial protective effects as assessed by the postoperative production 
of cTnT, the inotropic support and ventilator hours necessary after surgery. 
Subgroup analysis in cyanotic and neonatal patients was also evaluated for the 
same hypothesis. This study has been presented in part at a recent international 
meeting.14
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Materials and Methods 

After approval by the hospital ethics committee and parental consent 140 
patients were prospectively investigated. This study was conducted between 
October 2003 and December 2004. Approximately 300 paediatric patients per 
year undergo cardiac surgical procedures in our institution. Patients operated 
without CPB were not recruited. cTnT was measured four times during the first 
24 h following admission to the paediatric intensive care unit (PICU). This is 
standard practice in our institution. Patients were randomized using standard 
randomization tables to receive either dexamethasone (1 mg kg-1) during 
induction of anaesthesia or act as controls. The use of placebo is not allowed by 
our hospital ethics committee. We used a process of minimization to achieve 
similar number of patients for each surgical procedure. The first patient for each 
operation was allocated at random. F or each subseq uent patient we determined 
which treatment would lead to a better balance between the groups with respect 
to the type of operation. The patient was then randomized using a weighting 
system in favour of the treatment which would minimize the imbalance.15 cTnT 
concentrations were measured by the hospital clinical chemistry laboratory, and 
the analysts were unaware of the conduct of this study.

The anaesthetic techniq ue was similar for both groups. Patients received a 
premedication consisting on oral atropine (0.02 mg kg-1) and midazolam (0.5 
mg kg-1) 30 min before induction of anaesthesia. Anaesthesia was induced with 

sevoflurane followed by a bolus of sufentanil (1 g kg-1) and pancuronium (0.2 
mg kg-1). Maintenance of anaesthesia consisted on a combined continuous 
infusion of either midazolam (0.2 mg kg-1 h-1) or propofol (6 mg kg-1 h-1), and 

sufentanil (2 g kg-1 h-1). The lungs of the patients were ventilated with 
oxygen/air (F IO2 =  0.5). V entilation was discontinued during CPB.  After 
heparin administration (3 mg kg-1 or 300 IU kg-1) and aorta cannulation, CPB 
was instituted with a Dideco hollow fibre oxygenator with a blood flow between 
200 and 300 ml kg-1 min-1. The prime volume, 325 to 750 ml according to the 
patientÊs weight, contained lactate-free R ingerÊs solution, albumin, mannitol, 

blood and heparin. Body temperature during bypass was maintained at 28 C

except for patients undergoing circulatory arrest, who were cooled to 20 C
during the period of circulatory arrest. Patients underwent modified 
ultrafiltration at the end of the bypass. The amount of fluid ultrafiltered was 60 
(49 – 63) ml kg-1 (mean 95% Confidence Intervals).
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In the PICU, patients were sedated with a combination of midazolam (0.1 -0.2 

mg kg-1 h-1) and morphine (10-20 g kg-1 h-1). Our practice is not to use 
diuretics in the first 24 h after admission to the PICU. 

Blood samples (0.5 ml) were taken for measurement of cTnT concentrations 
immediately after admission to the paediatric intensive care unit (PICU), and 8, 
15 and 24 h after admission. Samples were collected in a G el-Microtainer tube 
and immediately analysed using the Elecsys Modular E170 immunochemistry 
analyzer (Cardiac Troponin T, Roche Diagnostics, Mannheim, G ermany). 
Briefly, this immunoassay employs two monoclonal antibodies specifically 
directed against human cardiac troponin T. The antibodies recognize two 
epitopes located in the central part of the cardiac troponin T protein. The lower 
detection limit is 0.01 ng ml-1. Ten patients admitted to the PICU before surgery 
had preoperative cTnT concentrations measured as part of standard clinical 
practice.

Arterial oxygen tension (PaO2), pH, base excess (BE), bicarbonate and lactate 
were recorded immediately after admission to the intensive care unit and 24 h 
later (Chiron 865, Bayer, Mijdrecht, The N etherlands). Ventilator hours were 
also recorded. 

The type and amount of vasoactive drugs were recorded after admission to the 
PICU and 24 h later. To quantify inotropic support, inotrope scores were 
calculated as the sum of all inotrope doses correcting for potency (dopamine, 
dobutamine = 1, milrinone = 15, epinephrine = 100). Fluid intake (including 
crystalloids, colloids and blood products), output (urine, blood and serous fluid 
loss) and fluid balance were recorded over a 36 h period following admission to 
the PICU. 

Statistical analysis 

In a retrospective analysis of fifteen paediatric patients who had undergone 
cardiac surgery the mean (SD) cTnT concentration postoperatively was 1.92 
(2.13) ng ml-1. A power analysis based on these findings showed that we would 
need 90 patients to detect a difference in cTnT of 2 ng ml-1 with  = 0.05 and a 
power of 95%. In the same retrospective analysis the mean (SD) ventilator hours 
was 64 (37) hours and more than 50% of the patients needed two or more 
inotropic drugs postoperatively.
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A power analysis based on these findings showed that we would need 136 
patients to detect a reduction of 18 h in ventilation time and 130 patients to 
detect a 50% reduction on inotropic support. These two variables with  = 0.05 
and a power of 80%.  

Data were analysed with the statistical package SPSS v10, and are summarized 
as mean and 95% confidence intervals. Patient characteristics (age, weight, 
surgery times and ventilator hours), fluid balance and blood gas variables were 
analyzed with unpaired t test for normally distributed data and Mann-Whitney 
test for non-normally distributed data. Because cTnT concentrations were not 
normally distributed, the data were first subjected to a natural logarithmic 
transformation before analysis by repeated measures ANOVA with the 
Greenhouse-Geisser correction. Categorical data were analyzed using the Chi-
squared test. Correlation coefficients between variables were calculated using 
Pearson test for normally distributed data and Spearman test for non normally 
distributed data. Values of P < 0.05 were considered statistically significant. Data 
are presented as mean (95% Confidence Intervals). 

Results

The groups were comparable with respect to age, sex, weight, surgery times, 
aortic cross-clamp, bypass and arrest times (Table 1). The number of cyanotic 
patients and those who underwent a ventriculotomy were similar in both 
groups. There were no statistically significant differences between the groups 
with regards to ventilator hours, PaO2/FiO2 ratios, and lactate. PaO2/FiO2 ratios 
did not change significantly when values from acyanotic and cyanotic patients 
were analyzed separately.  Fluid intake did not differ between the groups 
throughout the study period, although the positive balance in the patients 
receiving dexamethasone was significantly less during the first postoperative 
day. During day two there were no differences between the two groups in terms 
of fluid intake, output and total fluid balance. Table 2 shows the type of 
operations performed in each group. Table 3 shows the type of operations 
performed in neonates while table 4 shows the type of operations performed in 
cyanotic patients. In the 10 patients from whom blood samples were obtained 
preoperatively, cTnT concentrations were less than 0.02 ng ml-1.

Differences between the two groups were statistically significant (p < 0.035). 
Both groups had comparable cTnT concentrations on PICU admission (T0); 2 
(1.56 – 2.51) ng ml-1 in the group without dexamethasone and 1.8 (1.54 – 2.14) 
ng ml-1 in the group given dexamethasone.
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No dexamethasone  Dexamethasone 

Number of patients  70    70 
Age (months)   12.8 (6.4 – 19.3)  12.2 (6.7 – 17.8)     
Sex (M/F)    33/37    43/27  
Weight (kg)    7.3 (5.6 – 8.9)  6.4 (5.3 – 7.5)     
Surgery time (min)   198 (184 – 212)  207 (188 – 226) 
Bypass time (min)        124 (110 – 137)  127 (112 – 142) 
Aortic clamp time (min)  78 (64 – 91)   72 (60 – 84) 
Arrest time (min)   7.5 (2.1 – 12.8)  6.5 (2.7 – 10.3) 
Ventriculotomy (Y /N)  20/50    16/54 
Cyanotic (Y /N)   35/35    40/30 
Ventilator hours        97 (74 – 119)  99 (76 – 122) 
Inoscore day one   10 (8 – 13)   9 (6 – 12) 
Inoscore day two   11 (8 – 14)   10 (8 – 13) 
Fluid balance day one 
Intake (ml kg-1)   69 (62 – 77)   62 (55 – 69) 
Output (ml kg-1)   34 (28 – 40)   37 (32 – 42) 
Balance (ml kg-1)   35 (28 – 43)   25 (17 – 32)*  
Fluid balance day two 
Intake (ml kg-1)   100 (86 – 114)  99 (88 – 110) 
Output (ml kg-1)   73 (60 – 85)   80 (60 – 100) 
Balance (ml kg-1)   27 (16 – 37)   18 (-2.5 – 39) 
L actate day one   1.98 (1.44 – 2.53)  1.59 (1.28 – 1.91) 
L actate day two   1.80 (1.58 – 2.02)  1.57 (1.40 – 1.74) 
PaO2/FiO2 day one  41.8 (35.8 – 47.7)  36.6 (30.4 – 42.8) 
PaO2/FiO2 day two  32.9 (27.9 – 38)  33.3 (27.8 – 38.7) 

Table 1: Patient characteristics. Values expressed as mean (95% Confidence Intervals).*  
Denotes statistical significance. 

However, subgroup analysis demonstrated that only at 8 h after admission, the 
cTnT concentrations were significantly higher (p < 0.005) in the non-
dexamethasone group (3.1 (2.5 – 3.7) ng ml-1) than in the dexamethasone group 
(1.9 (1.5 – 2.4) ng ml-1).  There were no significant differences in the cTnT 
concentrations between the groups at the other times. cTnT concentrations at 
T15 were 2.65 (2.12 – 3.19) ng ml-1 in the non-dexamethasone group and 1.95 
(1.46 – 2.43) ng ml-1 in the dexamethasone group.
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No dexamethasone Dexamethasone 

AS 3  1 
Atrial  septation 1   
AVSD 7  6 
Fontan 6  2 
Glenn 5  10 
Homograft 2  2 
IAA 1  1 
MAPCA 1  1 
MVA 1  2 
MVR 1   
Norwood 4  5 
PS 1  1 
Rastelli 1  1 
Switch 10  10 
TAPVC 2  3 
ToF 9  9 
Truncus 2  1 
TVA    1 
TVR 1   
VSD 12  14 

Total 70  70 

Table 2: Type of operations. Aortic stenosis (AS), Atrioventricular septal defect (AVSD), 
Interrupted aortic arch correction (IAA), Major aortopulmonary collateral arteries (MAPCA), 
Mitral valve anuloplasty (MVA), Mitral valve replacement (MVR), Pulmonary stenosis (PS), 
Total anomalous pulmonary venous connection (TAPVC), Tetralogy of Fallot 
(ToF),Tricuspid valve anuloplasty (TVA), Tricuspid valve replacement (TVR), Ventricular 
septal defect (VSD). 

At T24 were 2.27 (1.77 – 2.76) ng ml-1 in the non-dexamethasone group and 
1.81 (1.33 – 2.28) ng ml-1 in the dexamethasone group. Figure 1 is a graphical 
representation of the changes in cTnT concentrations in the two groups. Figure 
2 and 3 show changes in cTnT concentrations in cyanotic and neonatal patients 
respectively. Correlation between cTnT concentrations at T8 and ventilator 
hours was significant although weak. Correlation coefficient was r = 0.40 in 
patients not receiving dexamethasone and r = 0.49 in those receiving 
dexamethasone.
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No dexamethasone Dexamethasone 

Homograft     1 
IAA  1   1 
MAPCA 1   
MVR  1   
Norwood 4   5 
Switch  8   8 
TAPVC  1   1 
Truncus  1   1 
VSD  2   1 

Total  19  18 

Table 3: Type of operation in neonatal patients. Interrupted aortic arch correction (IAA), 
Major aortopulmonary collateral arteries (MAPCA), Mitral valve replacement (MVR), Total 
anomalous pulmonary venous connection (TAPVC).

     

No dexamethasone Dexamethasone 

Fontan  6   2 
Glenn  5   10 
Homograft     1 
MAPCA 1   1 
Norwood 4   5 
Rastelli  1   1 
Switch  10  10 
TAPVC      2 
ToF  8   7 
TVA      1 

Total  35  40 

Table 4: Type of operation in cyanotic patients. Major aortopulmonary collateral arteries 
(MAPCA). Total anomalous pulmonary venous connection (TAPVC). Tetralogy of Fallot 
(ToF). Tricuspid valve anuloplasty (TVA). 
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Fig 1: Changes in cTnT concentrations during the first 24 h after operation. ( ) T0, ( ) T8, 

( ) T15 and ( ) T24.Values expressed as mean (95% Confidence Intervals). * Denotes 
statistical significance at that time point between the two groups. 
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Fig 2: Changes in cTnT concentrations during the first 24 h after operation in cyanotic 
patients. ( ) T0, ( ) T8, ( ) T15 and ( ) T24. Differences are not significant. 
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Fig 3: Changes in cTnT concentrations during the first 24 h after operation in neonatal 
patients. ( ) T0, ( ) T8, ( ) T15 and ( ) T24. Differences are not significant. 

When both groups were analyzed together the correlation coefficient was r = 
0.45. Correlations between cTnT concentrations (T8) and inotropic scores at 
admission and 24 h later were also weak in both groups; no dexamethasone 
group r = 0.38 (admission inotropic scores) and r = 0.51 (inotropic scores 24 h). 
In the dexamethasone group correlations were r = 0.29 (admission inotropic 
scores) and r = 0.55 (inotropic scores 24 h). 

Discussion 

The systemic inflammatory response syndrome following CPB has been 
implicated in myocardial injury leading to low cardiac output and increased 
inotropic requirements in the postoperative period.16 One of the strategies 
aimed at protecting the myocardium is the use of steroids before CPB starts. We 
have shown in the present study that while dexamethasone reduces the 
postoperative production of cTnT in paediatric cardiac surgery, its effects are 
short lived. Fifteen hours after the end of the surgical procedure, there are no 
statistically significant differences between the dexamethasone and the control 
group.
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The concentrations of cTnT found in our study are in line with what it has been 
reported in other studies. Immer and colleagues12,17 reported mean cTnT 
concentrations of 4.06 ng ml-1 and 5.5 ng ml-1 in two consecutive studies with a 
patient population similar to ours. A mean concentration of 5 ng ml-1 was 
reported in neonates with transposition of the great arteries undergoing arterial 
switch operation with circulatory arrest.18

Checchia and colleagues8 investigated the effect of dexamethasone (1 mg kg-1)
on the postoperative production of cTnI in 28 paediatric patients undergoing 
cardiac surgery with CPB. They found a statistically significant reduction in 
cTnI concentrations 24 h after surgery in patients who received dexamethasone 
compared to those given a placebo. In our study we did not find any difference 
on the cTnT concentrations 24 h after the surgical procedure between the two 
groups. Other investigators have found that cTnT peaked at 4 hours after 
CPB,18 30 minutes after CPB20 and 2 hours after declamping.21 It is not clear 
why cTnT concentrations peaked 8 h after admission to the PICU in our 
patients.

A beneficial effect of steroids on cTnI degradation has been demonstrated.9

However this study was performed in animals subjected to a 2 h period of deep 
hypothermic circulatory arrest (DHCA) and methylprednisolone was given 
twice, 6 h before and immediately before CPB started.  

Imura and colleagues19 showed an age-dependent and hypoxia-related 
difference in myocardial injury during CPB. Other investigators20 have also 
noted that cyanotic patients have higher cTnT concentrations postoperatively 
than the acyanotic counterparts. Reperfusion injury may explain this 
phenomenon. When CPB starts cyanotic patients are suddenly exposed to 
normoxic concentrations of oxygen. According to our results, cyanotic patients 
do not shown any improvement in the postoperative production of cTnT when 
dexamethasone is used.

The neonate myocardium has a distinct systemic inflammatory response to 
CPB, with higher production of proinflammatory cytokines when compared to 
older patients.3 We could not find any improvement in cTnT production in 
neonates treated with dexamethasone. Bronicki and colleagues7 found a 
significant reduction on postoperative fluid requirements in the paediatric 
cardiac surgical patients (n = 15) who received dexamethasone compared to the 
placebo group (n = 14). The timing and amount of dexamethasone was similar 
to our study design.
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Fluid balance in the first postoperative day is significantly less in the 
dexamethasone group. However we consider this difference not clinically 
relevant. Fluid balance in the dexamethasone group on day one and the no 
dexamethasone group on day two are similar.

The use of steroids in adult cardiac surgery remains controversial.5 To our 
knowledge there are no prospective or retrospective cohort studies that clearly 
show the influence of steroids on the clinical postoperative course. Nevertheless 
the use of steroids in paediatric cardiac surgery has become accepted practice 
in many institutions. Lindberg and colleagues22 consider that omitting the use of 
dexamethasone in children weighing less than 10 kg scheduled for cardiac 
surgery is unethical.

Dexamethasone reduces C-reactive protein production without any effect on the 
release of protein S100B and Von Willebrand factor.22 The concentration of 
proinflammatory cytokines decreases when steroids are used before CPB 
starts.7,24 The reduction is even more pronounced if steroids are given before 
and during CPB.23 Oxygen delivery and cardiac output improve faster when 
steroids were used in an animal model.25 Steroids may not exert their effects 
through anti-inflammatory properties but by up-regulation of calpastatin,9 a 
protein that prevents the degradation of cTnI at the intracellular level. Even the 
timing of steroid administration seems to be relevant.26

However when clinical end points have been used to test the benefits of steroids 
the results are not so impressive.27 Our study was powered to detect a 50% 
reduction on inotropic support or an 18 h reduction in ventilator hours. For 
these targets we had to include 68 patients in each group. Our results however 
show that the use of dexamethasone was not associated with any significant 
improvement in the postoperative use of inotropic drugs, fluid requirements, 
lactate production, ventilator hours or PaO2/FiO2 ratios. Some concerns have 
been raised regarding the use of cTnT in patients with chronic renal failure.28

None of the patients included in the study had either acute or chronic renal 
failure during the study period. Some studies have suggested that cTnT 
concentrations may be used as prognostic indicators of postoperative 
recovery.17,18 In our study ventilator hours and inotropic scores correlated with 
cTnT production. However, although statistically significant the correlations 
were weak.



94

The present study has a number of limitations. We did not investigate cardiac 
function parameters (shortening fraction, ejection fraction) and its relationship 
with cTnT elevations in the postoperative period. Atriotomy29 and 
ventriculotomy30 influence cTnI production independent of myocardial damage 
related to other factors. The number of patients undergoing atriotomy was 
similar in both groups (p < 1) and therefore unlikely to influence the results.
More patients required a ventriculotomy in the control group (n = 20) than in 
the dexamethasone group (n = 16). While the difference is not significant (p < 
0.56) it could have affected the results.

Ventilator hours in our study appear unacceptably high at first glance. 
However, some of the patients included in this study are known to have 
prolonged postoperative course (i.e. HLHS, TAPVC, Truncus arteriousus, etc.) 
while in the majority of patients (i.e. VSD, AVSD, ToF, TGA, valve surgery, 
Glenn, Fontan, etc.) extubation within 24 to 48 h is standard of care. The use of 
the mean as statistical instrument to describe the population may have 
interfered with these results. Power analysis for ventilator hours and inotropic 
support were based on average retrospective values from our intensive care 
unit.

In conclusion, this study has demonstrated that in paediatric patients 
undergoing cardiac surgery the use of dexamethasone given before CPB starts 
is associated with a significant albeit short lived reduction in postoperative 
production of cTnT. Subgroup analysis showed that dexamethasone did not 
improve postoperative production of cTnT neither in cyanotic nor in neonatal 
patients.



95

References

1. El Habbal MH, Carter H, Smith LJ, Eliott M, Strobel S. Neutrophil activation in paediatric 
extracorporeal circuits: effect of circulation and temporary variation. Cardiovasc Res 
1995;29:102-107 
2. Brix-Christensen V (2001) The systemic inflammatory response after cardiac surgery with 
cardiopulmonary bypass in children. Acta Anaesthesiol Scand 2001;45:671-679 
3. Ashraf SS, Tian Y, Z acharrias S, Cowan D, Martin P, Watterson K . Effect of 
cardiopulmonary bypass on neonatal and paediatric inflammatory profiles. Eur J 
Cardiothorac Surg  1997;12:862-868 
4. Tassani P, Richter JA, Barankay A, Braun SL, Haehnel C, Spaeth P, Schad H, Meisner H. 
Does high-dose methylprednisolone in aprotinin-treated patients attenuate the systemic 
inflammatory response during coronary artery bypass grafting procedures?  J Cardiothorac 
Vasc Anaesth 1999;13:165-172 
5. Chaney MA.Corticosteroids and cardiopulmonary bypass. A review of clinical 
investigations. Chest 2002;121:921-931 
6. Taggart DP, Hadjinikolas L, Wong K , Yap J, Hooper J, K emp M, Hue D, Yacoub M, 
Lincoln JC. Vulnerability of paediatric myocardium to cardiac surgery. Heart 1996;76:214-
217
7. Bronicki RA, Backer CL, Baden HP, Mavroudis C, Crawford SE, Green TP.  
Dexamethasone reduces the inflammatory response to cardiopulmonary bypass in children. 
Ann Thorac Surg 2000;69:1490-1495 
8. Checchia PA, Backer CL, Bronicki RA, Baden HP, Crawford SE, Green TP, Mavroudis 
C. Dexamethasone reduces postoperative troponin levels in children undergoing 
cardiopulmonary bypass. Crit Care Med 2003;31:1742-1745 
9. Schwartz SM, Duffy JY, Pearls JM, Goings S, Wagner CJ, Nelson DP. Glucocorticoids 
preserve calpastatin and troponin I during cardiopulmonary bypass in immature pigs. Pediatr 
Res 2003;54:91-97 
10. Sasse S, Brand NJ, K yprianou P, Dhoot GK , Wade R, Arai M, Periasamy M, Yacoub 
MH, Barton PJ. Troponin I gene expression during human cardiac development and in end-
stage heart failure. Circ Res  1993;72:932-938 
11. K emp M, Donovan J, Higham H, Hooper J. Biochemical markers of myocardial injury. 
Br J Anaesth 2004;93:63-73
12. Immer FF, Stocker FP, Seiler AM, Pfammatter JP, Printzen G, Carrel TP. Comparison of 
Troponin-I and Troponin-T after pediatric cardiovascular operation. Ann Thorac Surg 
1998;66:2073-2077
13. K athiresan S, Servoss SJ, Newell JB, Trani D, Macgillivray TE, Lewandrowski K , Lee-
Lewandrowski E, Januzzi Jr. JL. Cardiac troponin T elevation after coronary artery bypass 
grafting is associated with increased one-year mortality. Am J Cardiol 2004;94:879-881 
14. Malagon I, Hogenbirk K , Hazekamp MG, Bovill JG. Effect of dexamethasone on 
postoperative cardiac troponin T production in paediatric cardiac surgery. Eur J Anaesthesiol 
2005;22: (Supplement 35) O48 
15. Altman DG. Practical statistics for medical research, 1st edn. Chapman &  Hall, 
London,1994
16. Menasche P. The inflammatory response to cardiopulmonary bypass and its impact on 
postoperative myocardial function. Curr Opin Cardiol 1995;10:597-604 



96

17. Immer FF, Stocker F, Seiler AM, Pfammatter JP, Printzen G, Peheim E. Troponin-T; 
improved diagnostic assessment of myocardial damage in childhood. Acta Paediatr 
1997;86:1321-1327
18. Hovels-Gurich HH, Vazquez-Jimenez JF, Silvestri A, Schumacher K, Minkenberg R, 
Duchateua J, Messmer BJ, Bernuth G, Seghaye MC. Production of proinflammatory 
cytokines and myocardial dysfunction after arterial switch operation in neonates with 
transposition of the great arteries. J Thorac Cardiovasc Surg 2002;124:811-820 
19. Imura H, Caputo M, Parry A, Pawade A, Angelini GD, Suleiman MS. Age-dependent 
and hypoxia-related differences in myocardial protection during pediatric open heart surgery. 
Circulation 2001;103:1551-1556
20. Nagy ZL, Collins M, Sharpe T, Mirsadraee S, Guerrero RR, Gibbs J, Watterson KG. 
Effect of two different bypass techniques on the serum troponin-T levels in newborn and 
children. Does pH-stat provide better protection? Circulation 2003;108:577-582 
21. Hasegawa T, Yoshimura N, Oka S, Ootaki Y, Toyoda Y, Yamaguchi M. Evaluation of 
heart fatty acid-binding protein as a rapid indicator for assessment of myocardial damage in 
pediatric cardiac surgery J Thorac Cardiovasc Surg 2004;127:1697-1702 
22. Lindberg L, Forsell C, Jogi P, Olsson AK. Effects of dexamethasone on clinical course, C-
reactive protein, S110B protein and von Willebrand factor antigen after paediatric cardiac 
surgery. Br J Anaesth 2003;90:728-732 
23. Schroeder VA, Pearl JM, Schwartz SM, Shanley TP, Manning PB, Nelson DP. Combined 
steroid treatment for congenital heart surgery improves oxygen delivery and reduces 
postbypass inflammatory mediator expression. Circulation 2003;107:2823-2828 
24. Butler J, Pathi VL, Paton RD, Logan RW, MacArthur KJD, Jamieson MPG, Pollock JCS. 
Acute-Phase response to cardiopulmonary bypass in children weighing less than 10 
kilograms. Ann Thorac Surg 1996;62:538-542 
25. Duffy JY, Nelson DP, Schwartz SM, Wagner CJ, Bauer SM, Lyons JM, McNamara JL, 
Pearl JM. Glucocorticoids reduce cardiac dysfunction after cardiopulmonary bypass and 
circulatory arrest in neonatal piglets. Pediatr Crit Care Med 2004;5:28-34 
26. Lodge AJ, Chai PJ, Daggett CW, Ungerleider RM, Jaggers J. Methylprednisolone reduces 
the inflammatory response to cardiopulmonary bypass in neonatal piglets: timing of dose is 
important. J Thorac Cardiovasc Surg 1999;117:515-522 
27. Mott AR, Fraser Jr CD, Kusnoor AV, Giesecke NM, Reul GJ Jr, Drescher KL, Watrin 
CH, OÊBrian Smith E, Feltes TF. The effect of short term prophylactic methylprednisolone 
on the incidence and severity of postpericardiotomy syndrome in children undergoing 
cardiac surgery with cardiopulmonary bypass. J Am Coll Cardiol 2001;37:1700-1706 
28. Lipshultz SE, Somers MJG, Lipsitz SR, Colan SD, Jabs K, Rifai N. Serum cardiac 
troponin and subclinical cardiac status in pediatric chronic renal failure. Pediatrics 
2003;112:79-86 
29. Pees C, Haas NA, von der Beek J, Ewert P, Berger F, Lange PE. Cardiac troponin I is 
increased after interventional closure of atrial septal defects. Catheter Cardiovasc Interv 
2003;58:124-129 
30. Modi P, Imura H, Angelini GD, Pawade A, Parry AJ, Suleiman MS, Caputo M. 
Pathology-related troponin I release and clinical outcome after pediatric open heart surgery J 
Card Surg 2003;18:295-300 


