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A B S T R A C T

Background: Steroid administration during cardiopulmonary bypass is considered to improve cardiopulmonary function by modulating 
inflammations caused by bypass.
Objectives: This study was performed to compare effectiveness of preoperative and intraoperative methylprednisolone (MP) to preoperative 
methylprednisolone alone in post bypass inflammatory (IL-6) and anti-inflammatory (IL-10) factors.
Patients and Methods: Fifty pediatric patients undergoing cardiopulmonary bypass surgery from August 2011 to 2012 in the cardiac 
surgery department of Imam Reza Hospital, the major center for CPB, in Mashhad, Iran were randomly assigned to receive preoperative and 
intraoperative MP (30 mg/kg, 4 hours before bypass and in bypass prime, number 25) or preoperative MP only (30 mg/kg, number 25). Before 
and after bypass, four and 24 hours after bypass, serum IL-6 and IL-10 were measured by ELISA.
Results: In both groups, no significant difference with variation of expression for IL-6 (inflammatory factor) and IL-10 (anti-inflammatory 
factor) in different times after bypass was observed.
Conclusions: No significant difference in reducing post bypass inflammation between preoperative steroid treatment and combined 
preoperative and intraoperative steroid administration reported and they had the same effects.
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Implication for health policy/practice/research/medical education:
There are rare studies that compared multi-dose steroid (before and during surgery) with mono-dose steroid in adults or children 
before or during bypass. And in similar studies, the mono-dose were administrated during the surgery, but we decided to adminis-
trate the mono-dose 4 hours before surgery, because that the peak effect of methylprednisolone occurs 1-4 hours after its, therefore 
it seems that it inhibits the inflammatory reaction more than the routine dose. Therefore, because of different methods and differ-
ent effects of steroid administrations, choosing the better methods can lead to reduce the inflammatory response, improvement 
operation results and reduce deaths.
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1. Background
Treatment of congenital heart disease in children often 

requires CPB(Cardiopulmonary bypass) and myocardial 
ischemia can induce post cardiac surgery systemic in-
flammatory response that can lead to organ dysfunction 
and morbidity (1, 2) and it also induces a systemic cyto-
kine release (3). Clinical manifestations of this inflamma-
tory response in the postoperative period may include 
fever, low cardiac output, pulmonary insufficiency, fluid 
retention, coagulopathy, renal dysfunction and neu-
rological disorders (4-7). This inflammatory response 
requires various anti-inflammatory strategies such a by-
pass circuits coated with heparin, ultra-filtration, APO-
protein, leukocyte blockers and intraoperative steroids 
(8-11). Steroids have been used for years to suppress in-
flammation after surgery. Some of studies showed that 
the use of glucocorticoids can reduce the interleukins 6 
and 8, c3a, tumor necrosis factor–(TNF- α) and increase an-
ti-inflammatory cytokines such as IL-10, IL-4 (12). Recently, 
Considerable attention is on therapeutic interventions 
aimed at reducing the inflammatory response during 
CPB. Many studies have shown the increase of serum lev-
els of IL-6 and TNF-α and decrease of IL-10 during and after 
CPB (13, 14). But there are few studies of steroid treatment 
advantages in congenital heart surgeries, however one of 
this studies showed that children receiving a single dose 
of dexamethasone 1 hour before bypass had lower tropo-
nin, IL-6, and TNF-α levels as results of steroid treatments 
after surgery (4). In other report, compared with intraop-
erative steroid treatment alone and combined preopera-
tive and intraoperative steroid administration, attenu-
ates inflammatory mediator expression more effectively 
and it is associated with improved indexes of o2 delivery 
in the first 24 hours after congenital heart surgery (2). 
Data from animal studies suggest that prescribed cor-
ticosteroid pre and intraoperative may have more anti-
inflammatory effects (12). Most of the available studies 
on adults' heart surgery are limited to the comparison 
between multi-dose steroid before and during surgery 
with placebo. There are rare studies that compared multi-
dose steroid (before and during surgery) with mono-dose 
steroid in adults or children before or during bypass; in 
which the mono-dose were just administrated during 
the surgery, but we decided to administrate the mono-
dose 4 hours before surgery, because It is noticeable that 
the peak effect of methylprednisolone occurs 1-4 hours 
after its administration and the duration of action is 12-
24 hours, therefore it seems that given an extra dose of 
methylprednisolone, 1-4 hours before the operation (in 
addition to routine intraoperative dose) inhibits the in-
flammatory reaction more than the routine dose (15-17). 
This inflammatory response after surgery influences on 
IL-6 as an inflammatory and IL-10 as an anti-inflammatory 
factors and will change the level of those. Therefore, be-
cause of different methods and different effects of ste-
roid administrations, choosing the better methods can 

lead to reduce the inflammatory response, improvement 
operation results and reduce deaths.

2. Objectives
The aim of this study is to compare systemic inflamma-

tory response by changing the serum level of interleukin 
6 and 10, after CPB in patients receiving multi-dose meth-
yl prednisolone (MuD-MP), before and during surgery 
with patients receiving mono-dose methyl prednisolone 
(MoD-MP), before the operation.

3. Patients and Methods
This study was done in double-blind clinical trial from 

August 2011 to August 2012 on 50 children under 5 years, 
who were undergone elective cardiopulmonary bypass 
surgery due to congenital heart diseases- in the cardiac 
surgery department of Imam Reza Hospital, the major 
center for CPB, in Mashhad, Iran. The trial was performed 
in accordance with the declaration of Helsinki and ap-
proved by ethic committee at Mashhad University of 
Medical Sciences. Parents of patients who were younger 
than 5 years candidate in elective cardiac surgery by CBP 
and were willing to make their children involve in the 
study, were invited and informed about aims, methods 
and the anticipated benefits of this research. The inclu-
sion criteria was all the patients who candidate for cor-
rection of congenital heart defects under CPB, and pa-
tients with upper respiratory infection, diabetes, sepsis, 
GI bleeding, heart arrest a week before surgery, sensitivity 
to corticosteroids, chronic corticosteroid recipients were 
excluded. Based on the result of Valerie et al. study, sam-
ple size were calculated 25 for each group. Participants 
sampling was conducted in two steps, at first children 
were enrolled based on study objective in easy manner, 
and in second step participants allocated to intervention 
or control group in a simple random allocation, in which 
the first patient was placed in group A (using random 
manner) and other were placed in each of two groups 
one after one. Parents and data collector were not in-
formed about group allocating. The participants were al-
located in two groups, intervention group who received 
MuD-MP before and during surgery (25 patients) and con-
trol group who received MoD-MP before the surgery (25 
patients). The intervention group received 30mg/kg in-
travenous methylprednisolone 4 hours before operation 
and the same amount of medication at the beginning 
of the surgery. The control group only received 30mg/
kg methylprednisolone in prime liquid 4 hours before 
operation. The children were placed under general an-
esthesia by fentanyl, muscle relaxants, and isoflurane. To 
support the blood circulation, full-flow bypass was used 
with a moderate hypothermia. During aorta cross-clamp, 
cold-blood cardioplegia with additional dosing at 20-30 
minute intervals was used; ultra-filtration was used in 
all cases. After operation, the all patients were ventilated 
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with 10-15 ml/kg tidal volume and the ventilation rate was 
adjusted to control pco2 at 35 mmHg. Patient’s fluid ther-
apy was monitored by the anesthesiologist and diuretic 
began the day after the surgery. IL-6 and IL-10 levels were 
measured according to ELISA method before and imme-
diately after operation, 4 and 24 hours after surgery and 
their changes in two groups. Children’s demographic 
characteristics, aortic clamping time, pump time, time 
of postoperative mechanical ventilation, duration of 
hospitalization in ICU, dosage of inotropic agents were 
recorded by one of the nurses. All the surgeries were per-
formed by one surgeon, and all experiments by a science 
laboratory specialist. Data analysis was done by SPSS11.5 
software. Quantitative variables normality was deter-

mined in Kolmogorov-Smirnov test. T-test, Chi-Square 
and Mann-Whitney test were used for comparison. The 
significance level is considered less than 0.05.

4. Results 
This study was done on 50 children under 5 years with 

congenital heart disease who were undergone the elec-
tive heart surgery under CBP into two groups of MuD-MP 
and MoD-MP strategy. Also all the patients in interven-
tion and control groups completed the study. According 
to two-group ANOVA test, there was no significant differ-
ence between the two groups in terms of age, sex, CPB 
time and the aorta clamping (Table 1).

Table 1. Patient Demographics

Groups Preoperative Methylpredniso-
lone Only

Combined Preoperative/Intraop-
erative Methylprednisolone

P value

Age, y, Mean ± SD 3.7 ± 2.5 3.2 ± 2.1 NS

Gender, No. NS

Male 11 13

Female 14 12

CPB time, min, Mean ± SD 30 ± 10.8 22 ± 11.3 NS

Aortic cross-clamp time min, Mean ± SD 21.5 ± 13.2 23.6 ± 11.3 NS

IL-6 and IL-10 variables, Mann-Whitney test was used 
which showed no meaningful differences between 
changes in serum levels of IL-6 and IL-10 in none of the 

recorded hours (just before the surgery, 0, 4 and 24 hours 
after surgery) in two groups (Table 2).

Table 2. Serum IL-6 and IL-10 level changes before and after CPB (Mean ± SD)

Serum Preoperative and Postop-
erative Differences, Mean 
± SD

Preoperative and 4 Hours 
After CBPaDifferences, 
Mean ± SD

Preoperative and 24 Hours 
After CBP Differences, 
Mean ± SD

P value

IL-10 NS

Multi-dose methylpred-
nisolone

2.9 ± 1.3 57.4 ± 16.5 20.2 ± 8.2

Mono-dose methylpred-
nisolone

3.8 ± 2.4 28.3 ± 10.6 14.9 ± 5.6

IL-6 NS

Multi-dose methylpred-
nisolone

34.1 ± 20.2 97 ± 10.9 14.1 ± 2.4

Mono-dose ethylpredniso-
lone

58.1 ± 22.8 69 ± 14.8 20.2 ± 4.7

a Abbreviation: CBP, cardiopulmonary bypass

During this study, all patients were discharged from 
hospital with no unusual complication. In none of the 
patients, study medications side effects such as postop-
erative bleeding, hypertension, gastrointestinal bleeding 
and severe disorders water and electrolytes were not ob-
served.

5. Discussion
The results of our study indicated that there are no 

differences in multi-dose or mono-dose effect of meth-
ylprednisolone on reduction of the inflammatory re-
sponses after the operation. Inflammatory factor IL-6 and 
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anti-inflammatory factor IL-10 had no meaningful statis-
tical differences in the MuD-MP and MoD-MP strategy. In 
a study conducted by Dr. Valerie et al. (2) on 29 patients 
in 2003, multi-dose (before and during surgery) and 
mono-dose (during surgery) were compared. The results 
showed that prescription of multiple doses was more ef-
fective compared with mono-dose on decreasing IL-6 
and increasing IL-10 levels. It should be noted that in our 
study, mono-dose was applied before surgery, while in 
the study of Valerie it was used during the surgery which 
can be a reason for the differences in reported results. In 
Valerie et al. study, there was no differences between the 
two groups in IL-6 level before surgery (or before receiv-
ing corticosteroids), but our study showed differences be-
tween the two groups regarding IL-6 levels. Thus, in order 
to investigate the changes of IL-6 in the hours after the 
surgery, the difference between the IL-6 level after and be-
fore surgery (before steroids) was used in each group. In 
the Valerie et al. studies, there was a significant difference 
between the two groups in terms of serum IL-6 and IL-10 
immediately and 4 hour after surgery which indicated 
a greater impact of corticosteroids in multi-dose group 
than mono-dose group, respectively. In another study 
by Bronicki et al. (4) the level of IL-6 was investigated on 
15 patients who have received 1mg/kg dexamethasone 
compared with the control group which have received 
saline one hour before CPB. The level of IL-6 was reduced 
significantly compared to control group 10 minutes af-
ter stopping CPB. In our study, the level of IL-6 showed 
an increase 4 hours after surgery compared to before 
surgery in both multi-dose and single-dose groups, but 
there was no statistical differences between the groups; 
also IL-6 level changes had not significant differences 24 
hours after surgery in both multi-dose and mono dose 
groups compared to before surgery. In Valerie et al. study, 
evidences also suggest a return of IL-6 observed level to 
its level before surgery and there were no significant dif-
ferences between the two groups. The limitations of this 
study can be referred to the low sample size and not con-
ducting research on a specific cardiac defect. Therefore, 
it is recommended that the results should be approved 
by large multi-centric studies in a specific type of cardiac 
defect. In this study, the results have not been studied in 
a special clinical surgery which needs to do in another 
study by our research group. Also, it is recommended that 
in order to investigate the effects of steroids prescription, 
it's better to use other factors such as complements, TNF, 
quinine peptides and platelet-activating factors as well. 
Since changes of IL-10 and IL-6 levels showed no signifi-
cant statistical differences in multi-dose and mono dose 
methylprednisolone groups at different hours compared 
to before surgery, so , generally there was no difference 
in terms of the effects of multi-dose corticosteroids com-
pared with mono-dose corticosteroids on the inflamma-
tory responses and the observed results in our study.

Acknowledgements
This study has been financially supported by Mashhad 

University of Medical Sciences.

Authors’ Contribution
Ghasem Soltani: Writing the article, Conception and 

designing, Hossein Ayatollahi: Obtaining findings, Nahid 
zirak: Writing the article, Final approval of the article, 
Amir Saber Tanha:Writing the article, Data collection, 
Literatures search, Mohammad Abbasi: Critical revision 
of the article, Provision materials, patients, or resources, 
Aliasghar Moeinipour: Critical revision of the article, Pro-
vision materials, patients, or resources, Mahmoud Hosse-
inzadeh: Writing the article , Statistical expertise, Alireza 
Sepehri Shamloo: Writing the article, Administrative sup-
port, Lida Jarahi: Critical revision of the article, Analysis 
and interpretation.

Financial Disclosure
None declared.

Funding Support
None declared.

References
1.       Bourbon A, Vionnet M, Leprince P, Vaissier E, Copeland J, Mc-

Donagh P, et al. The effect of methylprednisolone treatment on 
the cardiopulmonary bypass-induced systemic inflammatory 
response. Eur J Cardiothorac Surg. 2004;26(5):932-8.

2.       Schroeder VA, Pearl JM, Schwartz SM, Shanley TP, Manning PB, 
Nelson DP. Combined steroid treatment for congenital heart sur-
gery improves oxygen delivery and reduces postbypass inflam-
matory mediator expression. Circulation. 2003;107(22):2823-8.

3.       Struber M, Cremer JT, Gohrbandt B, Hagl C, Jankowski M, Volker 
B, et al. Human cytokine responses to coronary artery bypass 
grafting with and without cardiopulmonary bypass. Ann Thorac 
Surg. 1999;68(4):1330-5.

4.       Bronicki Ronald A, Backer Carl L, Baden Harris P, Mavroudis Con-
stantine, Crawford Susan E, Green Thomas P. Dexamethasone 
reduces the inflammatory response to cardiopulmonary bypass 
in children. The Annals of Thoracic Surgery.2000;69(5):1490-1495.

5.       Chaturvedi Rajiv R, Lincoln Christopher, Gothard John WW, Scal-
lan Michael H, White Paul A, Redington Andrew N, et al. Left ven-
tricular dysfunction after open repair of simple congenital heart 
defects in infants and children: Quantitation with the use of a 
conductance catheter immediately after bypass. The Journal of 
thoracic and cardiovascular surgery. 1998;115(1):77-83.

6.       Hoffman TM, Wernovsky G, Atz AM, Kulik TJ, Nelson DP, Chang AC, 
et al. Efficacy and safety of milrinone in preventing low cardiac 
output syndrome in infants and children after corrective surgery 
for congenital heart disease. Circulation. 2003;107(7):996-1002.

7.       Wernovsky G, Wypij D, Jonas RA, Mayer JE, Jr, Hanley FL, Hickey 
PR, et al. Postoperative course and hemodynamic profile after 
the arterial switch operation in neonates and infants. A compari-
son of low-flow cardiopulmonary bypass and circulatory arrest. 
Circulation. 1995;92(8):2226-35.

8.       Chaney MA. Corticosteroids and cardiopulmonary bypass: a re-
view of clinical investigations. Chest. 2002;121(3):921-31.

9.       Chaney MA, Durazo-Arvizu RA, Nikolov MP, Blakeman BP, Bakhos 
M. Methylprednisolone does not benefit patients undergoing 



Effectiveness of Methylprednisolone in Post Bypass Systemic Inflammatory Response Abbasi Tashnizi M et al.

151Iran Red Crescent Med J. 2013:15(2)

coronary artery bypass grafting and early tracheal extubation. J 
Thorac Cardiovasc Surg. 2001;121(3):561-9.

10.       Kawamura T, Inada K, Nara N, Wakusawa R, Endo S. Influence of 
methylprednisolone on cytokine balance during cardiac sur-
gery. Crit Care Med. 1999;27(3):545-8.

11.       Tassani P, Richter Josef A, Barankay Andreas, Braun Sigmund L, 
Haehnel Christoph, Spaeth Paul, et al. Does high-dose methyl-
prednisolone in aprotinin-treated patients attenuate the sys-
temic inflammatory response during coronary artery bypass 
grafting procedures? Journal of cardiothoracic and vascular anes-
thesia. 1999;13(2):165-172.

12.       Lodge Andrew J, Chai Paul J, Daggett CWilliam, Ungerleider Ross 
M, Jaggers James. Methylprednisolone reduces the inflammato-
ry response to cardiopulmonary bypass in neonatal piglets: Tim-
ing of dose is important. The Journal of thoracic and cardiovascular 
surgery. 1999;117(3):515-522.

13.       Graham EM, Atz AM, Butts RJ, Baker NL, Zyblewski SC, Deardorff 
RL, et al. Standardized preoperative corticosteroid treatment in 

neonates undergoing cardiac surgery: results from a random-
ized trial. J Thorac Cardiovasc Surg. 2011;142(6):1523-9.

14.       Pasquali SK, Li JS, He X, Jacobs ML, O'Brien SM, Hall M, et al. Periop-
erative methylprednisolone and outcome in neonates undergo-
ing heart surgery. Pediatrics. 2012;129(2):e385-91.

15.       Haynes RC, Murad F. Adrenocorticotrophic hormone, adrenocor-
tical steroids and their synthetic analogs: inhibitors of adreno-
cortical steroid biosynthesis. In: Goodman LS, Gilman A, editors. 
The pharmacological basis of therapeutics. 7th ed. New York: Mac-
millan; 1975. 

16.       Ito S, Kusunoki Y, Oka T, Ito Y, Okuno A, Yoshioka H. Pharmaco-
kinetics of high-dose methylprednisolone in children. Dev Phar-
macol Ther. 1992;19(2-3):99-105.

17.       Kong AN, Jungbluth GL, Pasko MT, Beam TR, Jusko WJ. Pharmaco-
kinetics of methylprednisolone sodium succinate and methyl-
prednisolone in patients undergoing cardiopulmonary bypass. 
Pharmacotherapy. 1990;10(1):29-34.


