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INTRODUCTION
Heart surgery with cardiopulmonary

bypass (CPB) induces a complex inflam-
matory reaction that may result in multi-
organ dysfunction including cardiac con-
tractile depression (1,2). Several factors
can trigger the systemic inflammatory
response, including cardiac ischemia-
reperfusion injury, activation of leuko-
cytes with bioactive surfaces, endotox-
emia, use of cardioplegia, and surgical
trauma (3). This inflammatory process
involves the activation of lymphocytes,
monocytes/macrophages, endothelial
cells, and cardiac myocytes that can ex-

press and secrete proinflammatory cy-
tokines, including tumor necrosis factor α
(TNFα), interleukin (IL)-1, IL-6, and IL-8, and
anti-inflammatory cytokines [IL-4, IL-10,
transforming growth factor β (TGFβ)] (4,5).

Macrophage migration inhibitory factor
(MIF) has been identified as a central me-
diator of the innate immune response in
patients with autoimmune disorders, se-
vere sepsis, and respiratory distress syn-
drome (6,7). Similar to other cytokines,
MIF is present in the myocardium (8) and
has been shown to be secreted in response
to oxidative stress as would occur during
myocardial infarction or with ischemia/

reperfusion injury of the heart during CPB
(9,10). In adult patients experiencing acute
myocardial infarction, serum MIF levels
were shown to be significantly elevated
within the first 30 h (11). Several studies
of adult patients undergoing surgery with
cardiopulmonary bypass have reported
elevated circulating levels of MIF immedi-
ately after surgery that were associated
with mild pulmonary dysfunction and
multiple organ dysfunction (12-14). Gar-
ner et al. (8) reported that in animal mod-
els of sepsis, cardiac-derived MIF could
act as a myocardial depressant factor, and
that perfusion of the isolated heart with
recombinant MIF led to decreased systolic
and diastolic function. In our studies of
polymicrobial sepsis in rats, elevated lev-
els of circulating MIF were associated with
a significant impairment in cardiac con-
tractile function, and this effect could be
attenuated by inhibition of MIF activity
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Macrophage migration inhibitory factor (MIF), a proinflammatory mediator, has been shown to be elevated following heart surgery
in adults and may be associated with several postoperative complications, including cardiac and pulmonary dysfunction. In this study,
we aimed to measure perioperative plasma MIF, interleukin (IL)-8, and free T4 in 20 children age <4 years undergoing surgical repair of
congenital heart lesions with left ventricular volume overload, and to determine whether the response of these mediators determined
postoperative outcomes. Plasma samples were obtained preoperatively, immediately on arrival in the pediatric intensive care unit (PICU),
and at 12, 24, and 48 h. Patients were continuously monitored in the PICU, and data were recorded daily for therapeutic and monitoring
procedures that reflected the invasiveness, intensity, and complexity of care rendered (therapeutic interventional scoring system, TISS).
Preoperative plasma MIF, IL-8, and free T4 were not different from age-matched healthy children. However, plasma MIF and IL-8 increased
significantly 2 h after completion of cardiopulmonary bypass, and then normalized within 24 h. Peak postoperative levels of MIF (48 ± 24
ng/mL) and IL-8 (79 ± 57 pg/mL) correlated significantly with duration of cardiopulmonary bypass. The magnitude of the postoperative
increase in plasma MIF was associated with increased number of days required for mechanical ventilation (r = 0.553; P = 0.012), and peak
plasma IL-8 correlated significantly with the fraction of inhaled oxygen (FiO2) required immediately after surgery (r = 0.510; P = 0.02). Higher
circulating MIF levels correlated significantly with increased inotropic support requirements on the second postoperative day, whereas
higher postoperative IL-8 levels were associated with higher TISS scores, suggesting increased need for postoperative medical care. These
data suggest a potential negative effect of high circulating levels of MIF in the immediate postoperative period on respiratory and car-
diovascular functions, and support the development of therapeutic strategies targeting MIF function in this clinical setting.
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(15,16). Similarly, Chagnon et al. (17) re-
ported studies of experimental sepsis show-
ing that inhibition of MIF using neutralizing
antibodies could effectively block endo-
toxin-induced myocardial dysfunction.

We have previously reported that pe-
diatric cardiac surgery involving CPB
induced proinflammatory cytokine pro-
duction that correlated with postopera-
tive morbidity and cardiopulmonary
dysfunction (18) and caused an impair-
ment of the hypothalamic-pituitary-
thyroid axis as measured by reduction
in plasma thyroid hormone levels (19-21).
The objectives of this study were to
measure circulating levels of MIF before
surgery and after cardiopulmonary by-
pass in children and to correlate these
finding with intra-operative variables
and postoperative outcomes. Because
inflammatory processes activated by
cardiopulmonary bypass can contribute
significantly to postoperative morbidity,
these studies take on significance in de-
lineating potential targets for therapeu-
tic intervention.

MATERIALS AND METHODS

Study Inclusion Criteria and
Diagnostic Classifications

This prospective study was conducted
at Schneider Children’s Hospital during
the period January 2005 to July 2005 and
was approved by the Institutional Re-
view Board of the North Shore Long Is-
land Jewish Health System. Written in-
formed consent was obtained from
parents or guardians before enrollment.
We enrolled 24 patients <4 years old with
congenital heart defects known to cause
left ventricular volume overload who
were scheduled for complete surgical re-
pair requiring cardiopulmonary bypass.
The lesions consisted of ventricular sep-
tal defect (VSD), VSD with patent ductus
arteriosus (PDA), and complete common
atrioventricular canal (CCAVC) with or
without PDA (Table 1). Patients with iso-
lated PDA, single ventricle physiology,
and obstructive lesions such as aortic
stenosis or coarctation of the aorta were
excluded from the study.

Age-matched healthy children were
recruited into the study during their
well-care visits at Schneider Children’s
Hospital to provide normative blood
cytokine values. Written informed con-
sent was obtained before obtaining
blood samples. Any history of acute or
chronic illness or any prior cardiac dis-
ease or clinical evidence of congenital
heart disease precluded participation
in this study.

Surgery and Anesthesia
Surgical procedures including car-

diopulmonary bypass and perioperative
anesthesia followed standard practices
(18). Aprotinin was administered to
all patients as an initial loading dose
(240 mg/m2) after anesthesia induction,
followed by infusion of 56 mg/m2/h and
an equivalent dose in the bypass prime.
Antibiotic prophylaxis was given at the
induction of anesthesia and at the end of
the surgical procedure. Postoperative
patient management in the pediatric in-
tensive care unit (PICU) was based on
standard institutional protocol.

Data Collection and Measures of
Clinical Outcomes

Preoperative peripheral venous blood
samples were obtained from enrolled pa-
tients during outpatient presurgical test-
ing. After surgery, patients were admit-

ted to the PICU, and blood samples were
drawn from central intravenous catheters
2, 12, 24, and 48 h after CPB. Blood sam-
ples were processed immediately by cen-
trifugation at room temperature, and
plasma was stored at -20ºC until all sam-
ples could be analyzed simultaneously.

Patients were monitored continuously
in the PICU, and clinical data were re-
corded daily, including quantities of va-
sodilator and inotropic drugs, blood gas
and lactate analyses, oxygen require-
ment, urine output, blood pressures, car-
diac rhythm, and heart rates. These val-
ues were among 76 different therapeutic
and monitoring procedures used to as-
sess the overall degree of postoperative
care as calculated by the therapeutic in-
terventional scoring system (TISS) (22).
TISS scores were calculated for every
24-h period in the PICU. Inotropic scores
were obtained at 24, 48, and 72 h after
CPB using a modification of the calcula-
tion described by Wernovsky et al. (23)
as follows: dopamine + dobutamine +
[(epinephrine + norepinephrine) × 100].
The daily inotropic score was calculated
by obtaining the total amount of in-
otropic drug administered in a 24-h pe-
riod and expressed as micrograms per
kilogram per minute. Consistent care
management was maintained in the
PICU by following institutional stan-
dards of postoperative care. Decisions of

Table 1. Patient (n = 20) characteristics and intra- and postoperative variables and outcomes.

Mean ± SD Median Minimum-maximum

Age, months 9.0 ± 11.3 3.5 1-43.5
Weight, kg 6.3 ± 4.1 4.4 2.5-19.3
Weight-for-age percentile 12 ± 15 <3 <3-50
Ejection fraction, % 37 ± 4 37 30-42
Intraoperative data

Bypass time, min 94 ± 35 84 45-177
Cross-clamp time, min 59 ± 29 52 25-136

Postoperative outcomes
Intensive care unit stay, days 5.1 ± 3.9 4 2-18
Mechanical ventilation, days 1.3 ± 0.9 1 0-4
TISS score, cumulative 71 ± 20 69 32-102
Inotropic score, cumulative 6.7 ± 8.3 4.6 0-30

Patient n = 20, 10 girls and 10 boys. TISS and inotropic score are cumulative scores from POD1,
POD2, and POD3. Anatomical defects (n): ventricular septal defect (VSD) 11, VSD/patent
ductus arteriosus (PDA) 3, complete common atrioventricular canal (CAVC) 3, CAVC/PDA 1,
VSD/ASD/PDA 1, double outlet right ventricle (DORV)/VSD/PDA 1.
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medical management were based on clin-
ical assessment of the patient made by
an experienced intensive care physician.
To limit investigator bias, the PICU team
was unaware of the study end points
and the data analysis. Blood samples
were analyzed at the conclusion of the
study, and TISS scores were calculated
by one individual who was unaware of
the blood test results.

Cytokine Analysis
Plasma IL-8 and MIF were quantified

by solid-phase 96-well microplate ELISA
using commercially available kits (R&D
Systems, Minneapolis, MN, USA). IL-8
and MIF assays used 50 and 10 µL plasma,
respectively, and concentrations were
determined using a standard curve
generated by regression analysis with
BioLinx 2.20 software (Dynatech Labora-
tories). Concentration of free L-thyroxine
(fT4) in plasma (50 µL) was measured
by radioimmunoassay (RIA) using the
GammaCoat [125I] Free T4 (2-step) ra-
dioimmunoassay kit from DiaSorin (Still-
water, MN, USA), following the manu-
facturer’s instructions.

Statistical Analysis
Repeated-measures analysis of vari-

ance (RMANOVA) was performed to de-
termine if the plasma levels of MIF, IL-8,
and fT4 varied significantly over time in
the pre- and postoperative period. Bon-
ferroni-corrected pairwise comparisons
were carried out to determine which time
points differed from one another. It was
determined that the log transformation
of MIF, IL-8, and fT4 conformed to the
standard ANOVA assumptions. Accord-
ingly, all analyses were conducted using
the log-transformed data, but the sum-
maries and graphs are presented in their
original untransformed units of measure-
ment. Strength of correlations between
plasma markers (maximum MIF and IL-8
or minimum fT4) and each of the clinical
outcome measures (bypass time, cross-
clamp time, cumulative TISS score, etc.)
were assessed using Spearman correla-
tions. In addition, correlations between
pairs of measurements collected serially

(such as MIF and IL-8, MIF and fT4, IL-8
and fT4) were assessed using the method
of Bland and Altman (24). Statistical anal-
ysis was performed with SAS software
(Cary, NC, USA). Results are expressed
as mean ± SD, along with median, mini-
mum, and maximum values.

RESULTS

Study Patients and Perioperative Data
Demographics and perioperative data

of 20 patients are summarized in Table 1.
Four of the 24 patients enrolled in the
study presented with pulmonary compli-
cations and were excluded from the data
analysis. The median age of the patients
in this study was 3.5 months, with mean
age of 9 ± 11.3 months, and mean body
weight of 6.3 ± 4.1 kg and equal sex dis-
tribution. The primary pathology lead-
ing to left ventricular volume overload
in this patient group was ventricular
septal defect, with a smaller number hav-
ing complete common atrioventricular
canal with or without patent ductus arte-
riosus. The mean duration of cardiopul-
monary bypass (CPB) was 94 ± 35 min
with cross-clamp time of 59 ± 29 min.
Postoperative data indicate that as a
group, these patients recovered rela-
tively rapidly from surgery, requiring
1.3 ± 0.9 days of mechanical ventilation
support with an average stay of 5.1 ±
3.9 days in the intensive care unit. The
cumulative TISS and inotropic scores of
71 ± 20 and 6.7 ± 8.3, respectively, repre-
sent the sum of 24-h scores calculated
for the initial 72-h period after CPB
surgery (Table 1).

All patients admitted to the study
were in heart failure before surgery as
indicated by their low weight-for-age
percentiles, with the median value for
the group being less than the 3rd percen-
tile (Table 1). The mean value for ejection
fraction before surgery was 37% ± 4%,
range 30% to 42% (Table 1).

Preoperative Plasma Cytokine
Concentrations

Concentrations of MIF in the presurgi-
cal plasma samples of the 20 patients

were not significantly different from those
of the healthy children, 23 ± 10 versus
20 ± 5 ng/mL, respectively (Figure 1 and
Table 2). Presurgical plasma IL-8 and fT4
concentrations were also not different
between the study group and the healthy
subjects.

Four patients initially admitted into the
study had presurgical plasma MIF levels
3- to 5-fold higher than the mean MIF
value (23 ± 10 ng/mL) of the remaining
20 patients. Our previous experimental
studies had shown that lung-derived MIF

Figure 1. Circulating MIF, IL-8, and fT4 in
control (CTL) healthy children and in pedi-
atric patients before and after CPB sur-
gery. Box plot encompasses 25th to 75th
percentiles, the horizontal line is the me-
dian value, and the caps represent 10th
and 90th percentiles. Significant differ-
ences between time points analyzed by
RM-ANOVA are indicated: ψP = 0.0001;
***P = 0.001; **P = 0.005; *P = 0.02.
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could contribute to circulating MIF levels
as a result of pulmonary dysfunction (16).
In contrast, presurgical plasma IL-8 and
fT4 levels in these patients were normal.
These patients had increased pulmonary
dysfunction as a result of a combination
of the following additional conditions:
pulmonary edema due to mitral stenosis,
discontinuous left pulmonary artery with
large VSD, additional large ASD resulting
in right ventricle volume overload possi-
bly contributing to increased pulmonary
overcirculation. One patient scheduled
for surgical repair of a large VSD pre-
sented with RUL pneumonia. These four
patients were 2 to 3 months of age, with
two patients below the 3rd percentile and
two below the 10th percentile of weight-
for-age, suggesting significant heart fail-
ure. These patients were not included in
the study analysis of the remaining 20 pa-
tients because the focus of this investiga-
tion was to determine the effect of car-
diopulmonary bypass per se on the MIF
response.

Cytokine and fT4 Responses to
Cardiopulmonary Bypass Surgery

Figure 1 shows plasma levels of proin-
flammatory mediators, IL-8 and MIF, and
free T4 in control subjects and in patients
before surgery and at various time points
after corrective heart surgery. Plasma MIF
increased significantly (P < 0.001) within
the first 2 h after cardiopulmonary bypass
(48 ± 24 ng/mL), and then returned to
presurgical levels by 12 h post-CPB (23 ±
21 ng/mL vs. presurgery 23 ± 10 pg/mL).
Table 2 lists the circulating cytokine val-
ues before and after surgery as mean ±

SD and the median with minimum and
maximum values for each time point.

Plasma IL-8 concentrations increased
significantly (P < 0.0001) by 2 h after
completion of CPB (79 ± 57 ng/mL),
with normalization within 24 h after
surgery (40 ± 21 pg/mL) (Figure 1;
Table 2). This IL-8 response to CPB was
similar to our previously published
study in pediatric patients undergoing
cardiopulmonary bypass surgery (18).
There was significant within-patient
positive correlation between plasma
MIF and IL-8 levels (r = 0.57, P < 0.001),
suggesting that CPB resulted in a signif-
icant induction of these inflammatory
mediators with similar temporal resolu-
tion after surgery.

Plasma free T4 concentrations re-
mained essentially unchanged over the
time course studied and did not correlate
with plasma MIF or IL-8 levels in re-
sponse to CPB surgery (Figure 1). How-
ever, those patients who remained in the
ICU for the longest period of time had

significantly lower plasma fT4 levels 
(r = -0.504, P = 0.023) (Table 3).

The time period of cardiopulmonary
bypass and the total cross-clamp time
(blood flow arrest) correlated signifi-
cantly with the maximum plasma MIF
levels attained after termination of CPB
(Figure 2A). Similarly, plasma IL-8 con-
centrations immediately after CPB cor-
related positively with length of CPB
(Figure 2B), suggesting that the car-
diopulmonary bypass procedure per se
was likely responsible for the magnitude

Table 2. Plasma concentrations of cytokines in healthy controls and patients before and
after surgery.

Time point MIF, ng/mL IL-8, pg/mL fT4, ng/dL

Healthy controls 20 ± 5 (22; 10-27) 24 ± 10 (24; 13-42) 1.7 ± 0.4 (1.7; 1.3-2.3)
Patients
Before surgery 23 ± 10 (20; 10-46) 23 ± 8 (20; 9-40) 2.0 ± 0.4 (2.0; 1.6-2.9)

2 h after surgery 48 ± 24 (48; 7-96) 79 ± 57 (62; 10-213) 2.2 ± 0.4 (2.3; 1.4-2.7)
12 h after surgery 23 ± 21 (16; 7-100) 48 ± 44 (39; 14-203) 1.9 ± 0.4 (1.9; 1.2-2.8)
24 h after surgery 19 ± 13 (14; 5-60) 40 ± 21 (34; 14-89) 1.9 ± 0.7 (1.8; 1.1-3.6)
48 h after surgery 18 ± 12 (13; 8-47) 29 ± 10 (28; 15-47) 1.7 ± 0.7 (1.5; 0.8-3.0)

Data are mean ± SD (median; minimum-maximum).

Table 3. Correlation analysis between maximum circulating postoperative cytokine
concentrations or minimum plasma free T4 levels and postoperative data.

Ventilation PICU stay, Inotropic score FiO2 TISS on
duration, days days POD1 POD2 at 2 h POD2

MIFMAX

r 0.553 0.481 0.451
P 0.012 0.032 NS 0.046 NS NS

IL-8MAX

r 0.491 0.511 0.510 0.510
P 0.028 0.021 NS NS 0.022 0.022

fT4MIN

r -0.504 -0.523 -0.495
P NS 0.023 0.018 0.027 NS NS

NS, not significant.

Figure 2. Intraoperative parameters corre-
late with postoperative plasma MIF and
IL-8. Maximum plasma MIF (A) and IL-8 (B)
attained at 2 or 12 h after CPB correlated
with CPB time or cross-clamp time.
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of the inflammatory response as mea-
sured by these two mediators. We also
found that lower body weight was asso-
ciated with higher plasma IL-8 levels
(r = -0.493, P = 0.03) after surgery, poten-
tially owing to significantly longer CPB
times indicative of more complex surgi-
cal procedures. Presurgical plasma IL-8
levels were not significantly higher in
patients with lower body weight.

Cytokine Responses Predict Clinical
Outcomes

The inflammatory mediators correlated
with postoperative outcomes, and these
are summarized in Table 3. The maximum
circulating MIF and IL-8 levels that were
measured within the 2- to 12-h period
after surgery were associated with the
length of stay in the PICU (Figure 3A),
and the decrease in plasma free T4 levels
observed during the 12 to 48 h after sur-
gery correlated significantly with longer
stays in the PICU (Figure 3B). The mag-

nitude of the postoperative increase in
plasma MIF and IL-8 levels was associ-
ated with an increased number of days
for which mechanical ventilation was re-
quired (r = 0.553, P = 0.012, and r = 0.491,
P = 0.028, respectively) (Table 3). In addi-
tion, the increase in plasma IL-8 at 2 h
after cessation of CPB showed a signifi-
cant positive correlation (r = 0.510; P = 0.02)
with the fraction of inhaled oxygen (FiO2)
required immediately (2 h) after surgery
(Table 3).

The TISS provides a measure of the
overall level of medical care during each
24-h period postoperatively. The maxi-
mum circulating level of IL-8 measured
immediately after surgery correlated
significantly with the magnitude of ther-
apeutic intervention during the second
postoperative day (POD2) as measured
by the TISS score (r = 0.510, P = 0.02)
(Figure 4A; Table 3).

The inotrope requirements to maintain
cardiac output after surgery correlated
significantly with postoperative changes
in circulating levels of MIF and free T4
(Table 3). The maximum plasma MIF
measured immediately after surgery at
2 or 12 h was associated with the amount
of inotrope support during the POD2,
with higher circulating MIF correlating
significantly with increased inotropic
score (Figure 4B). Furthermore, lower
postoperative plasma fT4 levels corre-
lated significantly with increased in-
otropic scores measured on both POD1
and POD2 (Figure 4C).

DISCUSSION
The present study, to the best of our

knowledge, is the first to measure circu-
lating MIF in pediatric patients undergo-
ing surgical repair of cardiac lesions in-
volving left ventricular volume overload.
Young children and infants are known to
be at increased risk of developing in-
flammatory complications after car-
diopulmonary bypass surgery that can
result in multisystem organ dysfunction
(1,25-27). The salient observations of the
present study are (1) plasma MIF in-
creased after cessation of CPB and re-
turned to presurgery values within 12 h;

(2) postoperative peak plasma MIF and
IL-8 levels correlated with the complex-
ity of surgical repair as assessed by car-
diopulmonary bypass (CPB) time and
aortic cross-clamp time; and (3) postop-
erative peak plasma MIF and IL-8 levels
correlated positively with length of stay
in the PICU and with intensity of post-
operative medical care as assessed by the
TISS score and inotropic score. Results
also support our previously published
reports showing that thyroid hormone

Figure 3. Circulating mediator responses
correlate with length of stay in the intensive
care unit. Maximum postoperative plasma
MIF or IL-8 levels (A) correlate positively with
number of days in the ICU, whereas the
minimum circulating level of postoperative
plasma free T4 (B) shows a significant neg-
ative correlation with ICU days.

Figure 4. Postoperative plasma cytokine
and fT4 levels correlate with outcome
measures. (A) Maximum plasma IL-8 mea-
sured at 2 or 12 h after CPB correlated
with the TISS score measured during POD2.
(B) Plasma MIF correlated with inotropic
score measured during POD2. (C) The
minimum plasma level of free T4 mea-
sured during the postoperative period cor-
related inversely with inotropic scores
measured on POD1 and POD2.
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metabolism was altered in children un-
dergoing cardiac surgery (19,20). In the
present study, plasma free T4 was in-
versely correlated with inotropic score
and length of stay in the PICU.

Studies in adults undergoing heart
surgery have shown that plasma MIF
levels peaked after termination of CPB,
and although lower by 3 h after surgery,
levels remained significantly elevated
from presurgery values (13,14). There-
fore, peak plasma MIF values measured
2 h after CPB in the present study may
actually be lower than if measured im-
mediately after CPB. Similar to adults
(14), our study with children shows that
postoperative peak plasma MIF corre-
lated with the length of CPB and aortic
cross-clamp time, suggesting that surgi-
cal repair or CPB per se induced MIF
production. The source of circulating
MIF in this surgical setting is not known,
although activation of the hypothalamic-
pituitary-adrenal axis has been sug-
gested (28,29). MIF is also produced by
numerous tissues including the my-
ocardium and secreted from circulating
macrophages and neutrophils (8,11,30).
MIF has been shown to cause myocardial
contractile depression, and inactivation
of MIF by chemical inhibitors or neutral-
izing antibodies have improved cardiac
function in experimental animal models
of sepsis (8,16,17). In adult patients un-
dergoing cardiac surgery, de Mendonca-
Filho et al. (13) showed that peak MIF
levels after CPB surgery correlated sig-
nificantly with circulatory dysfunction
(defined as norepinephrine >1.0 µg/kg/
min). In the present study with children,
we have similarly shown that peak circu-
lating MIF after CPB was associated with
increased need for inotropic support dur-
ing the second postoperative day, sug-
gesting that MIF may have negative ef-
fects on cardiac function.

MIF has also been shown to play a sig-
nificant role in mediating inflammatory
lung injury in acute respiratory distress
syndrome (31). An adverse effect of MIF
on lung function is supported by a report
of adults undergoing cardiopulmonary
artery bypass grafting in which the post-

operative peak MIF levels showed a sig-
nificant inverse association with the
PaO2/FiO2 (partial arterial oxygen ten-
sion to fraction of inspired oxygen ratio)
and a direct correlation with the duration
of mechanical ventilation (12). Our re-
sults support these observations, with
postoperative maximum circulating MIF
levels correlating significantly with dura-
tion of mechanical ventilation.

The duration of stay in the intensive
care unit was associated with maximum
postoperative MIF and IL-8 levels, and it
was inversely correlated with plasma
free T4 levels. Our previously published
studies in adults and children have re-
ported impaired thyroid hormone me-
tabolism after cardiac surgery with CPB,
and that treatment with tri-iodothyro-
nine (T3) improved outcomes as assessed
by inotropic scores and TISS scores
(20,32,33). In the present study, postoper-
ative free T4 was inversely correlated
with inotropic scores measured on post-
operative days 1 and 2, and therefore,
supports our previous studies. Only
peak postoperative IL-8 levels correlated
significantly with the TISS score, a mea-
sure of the intensity of medical manage-
ment of the patient in the ICU. The use
of therapeutic indexes and clinical scor-
ing systems to assess cardiovascular and
pulmonary functions immediately after
surgery are clear limitations of the pres-
ent study, because access for direct mea-
surement of cardiac output is limited in
very young patients and is not routinely
done in the intensive care unit.

It is well appreciated that inflamma-
tory mediators are activated in adults
with heart failure, and that these mole-
cules play a role in disease progression
in this setting (34). Specifically, TNFα,
IL-1β, and IL-6 have been shown to be
expressed in direct relation to worsening
New York Heart Association functional
classification of heart failure. This associ-
ation has not been reported in very
young pediatric patients with significant
heart failure. In the present study, we did
not observe increased circulating IL-8 or
MIF in the patients before surgery, as
might be expected based on the degree

of cardiac dysfunction. Analysis of other
proinflammatory mediators in these
children may provide a more complete
picture of the inflammatory process in
this setting, and may determine whether
surgical correction of the lesions attenu-
ates the inflammatory response.

In conclusion, the present study in
children supports the findings of recent
investigations in adults undergoing car-
diac surgery, and further recognizes the
potential negative role of MIF as an in-
flammatory mediator activated in re-
sponse to cardiopulmonary bypass. In
this controlled clinical setting, strategies
to target MIF may provide therapeutic
benefit to the pediatric patient at risk of
developing postoperative complications
as a result of cardiopulmonary bypass.
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