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Aims Systemic complications after cardiac surgery are common in heart failure patients. However, the pathophysiological
mechanisms, such as a different local inflammatory response of failing hearts, remain in question. This study examines
whether failing hearts respond differently to cardioplegic arrest and reperfusion compared with non-failing hearts
(controls).

Methods
and results

The inflammatory response was evaluated in samples collected simultaneously from the radial artery and coronary
sinus, and myocardial tissue in 62 patients undergoing cardiac surgery. No myocardial release of inflammatory med-
iators was observed upon reperfusion in controls (n ¼ 19). In contrast, in patients with heart failure, reperfusion was
characterized by a myocardial release of several cytokines. Myocardial interleukin-6 was 115% increased in non-is-
chaemic heart failure (n ¼ 18, P ¼ 0.002) as compared with a 117% increase in patients with ischaemic heart
failure (n ¼ 25, P ¼ 0.01). Furthermore, a myocardial release of monocyte chemoattractant protein-1 was observed
in both patient groups: a 109% (P ¼ 0.001) and 114% (P ¼ 0.01) increase in patients with non-ischaemic heart failure
and ischaemic heart failure, respectively. Post-operative myocardial damage, expression of inflammatory mediators,
and p65-nuclear factor-kB activity were similar in all patient groups. Inflammatory cell content was increased in
early ischaemic myocardial tissue in both heart failure groups compared with controls.

Conclusion Heart failure patients show a clear myocardial inflammatory response upon reperfusion, probably explained by de-
granulation of infiltrated inflammatory cells. Results in controls indicate that they better withstand cardioplegic arrest
and reperfusion without an explicit myocardial inflammatory response.
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Introduction
Systemic complications after cardiac surgery, such as vasoplegia
and infections, are common in patients with pre-existing heart
failure. These complications are a major contributor to morbidity
and mortality. A remarkable observation is that these systemic
complications appear to be independent of their pump failure
itself.1 They merely seem to reflect a different response of the
body to the surgical procedure. This response can be due to sys-
temic alterations in the setting of heart failure or may reflect a dif-
ferent response of the failing heart to cardioplegic arrest and
reperfusion.

Ischaemia/reperfusion (I/R) injury is the paradoxical increase of
tissue damage upon reperfusion of ischaemic tissue. This injury is
an inherent component of cardiac surgery with artificial arrest
and subsequent myocardial reperfusion. The pathophysiology of
myocardial I/R injury is complex and not fully elucidated yet.
Animal studies show that a complex cascade of events ultimately
result in a myocardial inflammatory response upon reperfu-
sion.2– 4 Whether this can be extrapolated to the more complex
situation in humans is unknown.

In this clinical study, we evaluated whether failing hearts respond
differently to cardioplegic arrest and reperfusion compared with
non-failing hearts. The inflammatory response was studied in the
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two most common types of heart failure, non-ischaemic and
ischaemic heart failure, and compared with patients without
heart failure undergoing cardiac surgery. Release of various inflam-
matory mediators was sequentially measured after myocardial
reperfusion in human cardiac surgery. Selective arteriovenous con-
centration differences could be obtained directly over the reper-
fused heart by cannulation of the coronary sinus (i.e. the venous
pool of the heart). We evaluated which factors were released
from the myocardium and whether failing hearts differ from non-
failing hearts in their local inflammatory responses.

Methods

Patient population
In this 2-year prospective study, 62 patients were included: 43 patients
with heart failure and 19 controls (Supplementary material, Figure S1).
All heart failure patients were scheduled for restrictive mitral annulo-
plasty (RMA) ring implantation. Patients with non-ischaemic heart
failure (n ¼ 18) also underwent a concomitant implantation of an
external cardiac support device (CorCap, Acorn Cardiovascular Inc.,
St Paul, MN, USA). Patients with ischaemic heart failure (n ¼ 25)
underwent coronary artery bypass surgery (n ¼ 14) or ventricular
reconstruction surgery if they had a large area of anterior akinesia
or dyskinesia (n ¼ 11) in addition to RMA. Patients without heart
failure, scheduled for reconstructive mitral valve surgery for degenera-
tive, rheumatic, or cured endocarditis mitral valve pathology, were
selected as controls. These controls were expected to have approxi-
mately the same aortic cross-clamp times as heart failure patients.
Heart failure was pre-operatively defined as an inadequate pump func-
tion of the heart with an echocardiographically estimated ejection frac-
tion biplane below 35%5 and the presence of one or more clinical
symptoms as classified by the New York Heart Association (NYHA).
All controls had a moderate to normal pump function of the heart
(defined as an ejection fraction biplane . 45%), no clinical signs of
heart failure by physical examination, and did not use high doses of
diuretics. Exclusion criteria were perioperative corticosteroid treat-
ment, active infection, minimal invasive surgical procedures, emergency
operations, and previous cardiac surgery. Patients were followed
during total hospital stay, including hospital stay after discharge to a re-
ferring hospital. This study was carried out in accordance with the
Declaration of Helsinki and was approved by the local ethics commit-
tee. All patients provided written informed consent.

Anaesthesia and surgical procedures
All participating patients received standardized anaesthetic procedures,
according to a fast-track protocol. A 5 French indwelling jugular vein
catheter (PICC, Arrow International Inc., REF PS-01651, USA) was
inserted into the right atrium and placed in the coronary sinus by
the surgeon. Since all patients underwent mitral valve surgery using a
vertical trans-septal incision, the coronary sinus could be easily cannu-
lated during the surgical procedure. An arterial catheter was routinely
placed in the radial artery. Cardiac surgery was performed according
to local standardized protocols. All surgical procedures were per-
formed via a midline sternotomy under normothermic cardiopulmon-
ary bypass (CPB; Jostra Maquet, Maquet, Hirrlingen, Germany) with
intermittent antegrade warm-blood cardioplegia and heparin softline
coating. A uniform CPB protocol was designed, excluding autologous
priming and ultrafiltration.

Plasma measurements
Arteriovenous measurements
Arterial (radial artery) and myocardial venous blood samples (coron-
ary sinus) were collected simultaneously over the reperfused heart
(Figure 1). With this approach, accurate and specific measurements
of locally ongoing processes were assessed up to 24 h after reperfu-
sion. Arterial and myocardial venous blood samples were obtained
during the early reperfusion phase: 0, 15, 30, and 60 min after the
start of reperfusion, i.e. after removing the aortic cross-clamp (early
phase), and at 2, 4, 8, and 24 h after reperfusion (late phase). In all
patients, a baseline sample was taken the day before surgery from
the brachial vein. All samples were collected in pre-cooled tubes con-
taining EDTA (BD Vacutainer, Plymouth, UK) and immediately placed
on melting ice. Blood samples were centrifuged within 1 h after collec-
tion (1550 g, 10 min, 48C) and the derived plasma was re-centrifuged
(10 000 g, 4 min, 48C) to obtain leucocyte- and thrombocyte-free
plasma. Aliquots were stored at –708C until analysis.

Measurement of inflammatory mediators
A pilot study was performed in five heart failure patients (three
patients with ischaemic heart failure and two patients with non-
ischaemic heart failure) and five controls to identify detectable inflam-
matory mediators with the sensitive human 27-plex panel (Biorad,
Veenendaal, The Netherlands). Based on the results of this pilot
study, the following 12 cytokines were measured in the complete
cohort with a custom-made multiplex assay according to the instruc-
tions of the manufacturer (X-plex, Biorad): interleukin-1 receptor an-
tagonist (IL-1ra), IL-6, IL-8, IL-9, IL-10, IL-16, IL-18, granulocyte
colony-stimulating factor (G-CSF), interferon-inducible protein-10
(IP-10), monocyte chemoattractant protein-1 (MCP-1), regulated
upon activation, normal T cell expressed and secreted (RANTES),
and vascular endothelial growth factor (VEGF). Underlying mechan-
isms for the myocardial release of inflammatory mediators were inves-
tigated in the complete cohort. First, the possibility of passive secretion
from damaged myocytes was looked for by measurement of troponin
T. Next, we investigated whether active production and secretion by
myocardial cells might be responsible for the release of inflammatory

Figure 1 Schematic representation of the coronary sinus cath-
eter and location of the biopsies. This figure shows the position
of the coronary sinus catheter and the location of the left ven-
tricular biopsies. &ManonProject.com
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mediators by means of mRNA expression of various inflammatory
mediators. Moreover, cellular activation was examined by assessing
transcriptionally active nuclear factor-kB (NF-kB). Eventually, the pos-
sibility of release by infiltrating inflammatory cells was investigated.

Myocardial damage
To assess myocardial damage, troponin T values were measured by a
routine laboratory assay (Roche Diagnostics, Mannheim, Germany).
Dissimilarity in myocardial damage between the groups could explain
differences in the myocardial release of inflammatory mediators.
Troponin T values were measured 45 min after reperfusion in coron-
ary sinus blood. This time point lies within the range of the early reper-
fusion phase, where the most dominant myocardial release of
inflammatory mediators was observed. After cardiac valve surgery,
troponin T values , 2.0 mg/L are considered normal.

Myocardial tissue samples
Through the mitral valve, an endomyocardial biopsy was obtained from
a standardized location at the posterior wall of the left ventricle
between the two papillary muscles, early after aortic cross-clamping.
The late endomyocardial biopsy was collected on average 70 min
later from the same location just before release of the aortic cross-
clamp (Figure 1). Biopsies were divided and fixed in formalin or imme-
diately snap-frozen in liquid nitrogen and stored at –708C. Formalin-
fixed paraffin-embedded biopsies were cut into 5 mm thick sections
with a microtome.

RNA extraction and mRNA analysis
Total RNA was prepared from early and late endomyocardial biopsies.
Total RNA extraction was performed using RNA-Bee (Campro Scientif-
ic, Veenendaal, The Netherlands) and glass beads. Subsequently, cDNA
was prepared using a High Capacity RNA-to-cDNA Kit (Applied Biosys-
tems Inc., Foster City, CA, USA). Taqman gene expression master mix,
ABI 7500 Fast system, and established primer/probe sets (Applied Bio-
systems Inc.) were used according to the manufacturer’s instructions
to quantify IL-1ra (Hs00893626_m1), IL-6 (Hs00174131_m1), IL-8
(Hs00174103_m1), IL-10 (Hs00961622_m1), tumour necrosis factor
(TNF)-a (Hs00174128_m1), IL-1b (Hs00174097_m1), matrix metallo-
peptidase (MMP)-9 (Hs00957562_m1), cluster of differentiation
(CD)68 (Hs00154355_m1), and MCP-1 (Hs00234140_m1). Glyceralde-
hyde phosphate dehydrogenase (GAPDH; VIC labelled) was used as
housekeeping gene (Applied Biosystems Inc.).

Analysis of intramyocardial p65-nuclear factor-kB activity
To assess the role of NF-kB as a transcription factor controlling the
expression of genes involved in immune responses, p65-NF-kB activity
was quantified in paired early and late endomyocardial biopsies of five
patients of each patient group. Myocardial p65-NF-kB activity was
determined as described previously by Kleemann et al.,6 using a
TransAM transcription factor assay kit (no. 40097, Active Motif
Europe, Rixensart, Belgium). The assays were performed according
to the instructions of the manufacturer. Myocardial tissue homoge-
nates were prepared using the Nuclear Extract Kit (no. 40010,
Active Motif Europe). Equal amounts of protein (6 mg/well) of these
homogenates were used to determine the amount of active
p65-NF-kB.

Immunohistochemical analysis of left ventricular tissue
Formalin-fixed, paraffin-embedded microtome sections were deparaf-
finized and rehydrated before staining for CD3, CD68, myeloperoxi-
dase (MPO), and human leucocyte antigen (HLA)-DR. Some
stainings required the use of a protein retrieval: an EDTA buffer

solution for CD3 and CD68 (pH ¼ 9.0), and a citrate buffer solution
(pH ¼ 6.0) for HLA-DR. Sections were incubated overnight with the
primary antibody raised against CD3 (1:200, Abcam, Cambridge, MA,
USA), CD68 (1:4000, DAKO, Glostrup, Denmark), MPO (1:5000,
DAKO), and HLA-DR (1:200, DAKO) for staining of T lymphocytes,
macrophages, polymorphonuclear neutrophils, and activated leuco-
cytes, respectively. Subsequently, envision and 3,3′ diaminobenzidine
tetrahydrochloride as a chromogen for detection were applied.
Slides were counterstained with Mayer’s haematoxylin to allow mor-
phological analysis. The number of positive cells was quantified in
five views (original magnifications ×200; AxioVision software,
version 4.4.1.0 Carl Zeiss MicroImaging Inc., Gottingen, Germany).
The number of cells over five calibrated grid areas per view was
counted using ImageJ Cell Counterw by an independent blinded
observer.

Statistical analysis
Continuous variables were analysed using the Kruskal–Wallis test with
post-hoc analyses with Mann–Whitney U-tests whenever appropriate.
The significant Kruskal–Wallis offers protection against an inflated
a-error rate when performing multiple comparisons. Furthermore, Ben-
jamini–Hochberg correction was used to correct for multiple compar-
isons. If values were no longer significant after this correction, NS was
placed in the text after the unadjusted P-value. The area under the
curve (AUC) was calculated for the arterial and venous curves of the
plasma measurements for the early and late reperfusion phase. A delta
AUC was calculated (venous minus arterial) and the null hypothesis
(delta AUC is 0) was tested by a paired t-test. Histological stainings
were analysed with a one-way between-groups analysis of variance
(ANOVA). The Wilcoxon signed rank test was used to analyse differ-
ences between early and late ischaemic biopsies for the mRNA analysis
and NF-kB activity. All statistical tests were performed using SPSS stat-
istical analysis software version 17.0 (SPSS Inc., Chicago, IL, USA).
A P-value , 0.05 was considered significant. Graph error bars represent
the mean+ standard error of the mean (SEM) unless stated otherwise.

Results

General findings
Patient characteristics are summarized in Table 1. A similar gender
distribution was observed in all groups (P ¼ 0.43). In two controls,
a mitral valve replacement had to be done; a repair was not pos-
sible due to extensive calcifications. Moreover, one patient was
scheduled for a mitral valve repair in combination with a left ven-
tricular reconstruction procedure. Although included, this patient
did not undergo this valve repair since there was no longer any
mitral regurgitation after the reconstruction procedure. Two
patients died during follow-up in hospital: one patient with non-
ischaemic heart failure died unexpectedly 8 days after surgery as
a result of ventricular fibrillation. The other patient, with ischaemic
heart failure, died 41 days after ventricular reconstruction surgery
as a result of therapy-resistant heart failure. Baseline levels of all
inflammatory mediators were comparable in all patient groups
(Supplementary material, Table S1), of which controls generally
showed the lowest baseline levels of pro-inflammatory mediators.
Systemic levels of inflammatory mediators, i.e. concentrations in
arterial blood samples, were similar in the first hour after reperfu-
sion in all groups except for IL-1ra, IL-6, and G-CSF (Supplemen-
tary material, Figure S2).
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Table 1 Baseline, surgical, and outcome characteristics of patients with non-ischaemic heart failure, ischaemic heart failure, and controls

Median (interquartile range) Mann–Whitney, P-value

NIHF (n 5 18) IHF (n 5 25) Co (n 5 19) Kruskal–Wallis,
P-value

NIHF vs. IHF IHF vs. Co NIHF vs. Co

Age (years) 64.56 (57.58–70.11) 66.86 (58.04–73.13) 64.28 (55.45–75.46) 0.55 – – –

NYHA class 3 (3–3) 3 (3–3) 2 (1–2) ,0.001 0.28 ,0.001* ,0.001*

Systolic blood pressure (mmHg) 108 (99–116) 120 (110–130) 125 (120–145) 0.001 0.01* 0.14 ,0.001*

Diastolic blood pressure (mmHg) 65 (60–70) 70 (65–85) 76 (70–80) 0.005 0.04 (NS) 0.22 0.001*

Body mass index (kg/m2) 27.91 (24.58–30.14) 27.16 (25.02–31.86) 26.22 (24.44–27.44) 0.18 – – –

Co-morbidities (n)

Diabetes 8 3 1

COPD 4 3 2

Atrial fibrillation 5 5 5

Logistic EuroSCORE (%) 10.70 (5.64–16.65) 6.96 (5.23–11.46) 3.07 (1.51–4.25) ,0.001 0.47 ,0.001* ,0.001*

Laboratory tests

NT-proBNP (ng/L) 1960.00 (876.68–2858.25) 1663.00 (517.65–2650.50) 853.40 (106.85–1159.5) 0.004 0.28 0.02* 0.002*

Haemoglobin (mmol/L) 8.8 (8.0–9.5) 8.6 (8.1–9.1) 9.0 (8.5–9.5) 0.37 – – –

Creatinine (mmol/L) 90 (73–113) 89 (74–111) 85 (77–108) 0.93 – – –

CRP (mg/L) ,3 (,3–5.3) ,3 (,3–4.0) ,3 (,3–3.5) 0.50 – – –

Echocardiography

LVEF biplane (%) 30 (24–32) 31 (27–35) 53 (49–60) ,0.001 0.19 ,0.001* ,0.001*

LVESV (mL) 147 (114–176) 148 (107–156) 59 (48–71) ,0.001 0.51 ,0.001* ,0.001*

LVEDV (mL) 202 (167–245) 208 (167–223) 135 (117–146) ,0.001 0.85 ,0.001* ,0.001*

Use of medication (n)

ACE inhibitors/ARBs 16 23 11

Beta-blockers 16 24 10

Statins 14 20 6

Diuretics 18 21 9

Digoxin 5 1 1

Aortic cross-clamp time (min) 88 (83–109) 151 (130–192) 125 (105–177) ,0.001 ,0.001* 0.14 0.005*

Ventilation time (h) 12 (7–24) 14 (8–24) 6 (6–11) 0.02 0.68 0.006* 0.045 (NS)

APACHE IV score 52 (46–61) 57 (48–66) 42 (28–57) 0.04 (NS) 0.58 0.02* 0.06

Total stay in ICU (h) 67 (23–91) 42 (23–114) 22 (20–24) 0.002 0.89 0.001* 0.004*

Total stay in hospital (days) 14 (11–21) 15 (12–21) 13 (10–17) 0.39 – – –

ACE, angiotensin-converting enzyme; APACHE, acute physiology and chronic health evaluation; ARB, angiotensin receptor blocker; Co, controls; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; ICU, intensive care
unit; IHF, ischaemic heart failure; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; NIHF, non-ischaemic heart failure; NS, non-siginificant; NT-proBNP, N-terminal
pro brain natriuretic peptide; NYHA, New York Heart Association.
*P , 0.05 was considered significant.
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Myocardial release of inflammatory
mediators in patients with pre-existing
heart failure
Arteriovenous differences were used to determine the myocardial
cytokine and chemokine release upon reperfusion. The difference
in the AUC of the arterial and venous curves was assessed to
quantify the net release from the myocardium. Our analysis
method is illustrated in Figure 2. Both heart failure groups
showed a significant myocardial release of various cytokines
upon early reperfusion. As shown in Figure 3, early myocardial
reperfusion of patients with non-ischaemic heart failure was asso-
ciated with a release of IL-1ra (P ¼ 0.04, NS), IL-6 (P ¼ 0.002),
IL-10 (P ¼ 0.002), G-CSF (P ¼ 0.02), MCP-1 (P ¼ 0.001), and
IL-18 (P ¼ 0.04, NS). In patients with ischaemic heart failure,
early reperfusion was characterized by a more limited number of
inflammatory markers that were released: IL-6 (P ¼ 0.01), MCP-1
(P ¼ 0.01), and VEGF (P ¼ 0.004). This inflammatory response

was not observed during the late reperfusion phase. The early
cytokine response was exclusive for heart failure patients, since
controls did not show a significant myocardial release of any of
the measured inflammatory mediators upon early and late
reperfusion.

Similar post-operative myocardial
damage
To assess whether variation in myocardial damage is the cause of the
observed differences in cytokine release between the groups, tropo-
nin T values were measured 45 min after reperfusion. No differences
were observed between the patient groups (P ¼ 0.67). The median
and interquartile range of troponin T was 1.24 mg/L (0.93–1.49) in
patients with non-ischaemic heart failure, 1.36 mg/L (0.83–2.49)
in patients with ischaemic heart failure, and 1.25 mg/L (0.83–1.60)
in controls. A number of patients with ischaemic heart failure under-
went a ventriculotomy in the setting of their surgical ventricular
reconstruction which might explain the higher range of troponin
T values.

Similar expression of inflammatory
mediators during ischaemia
A subsequent analysis of inflammatory mediators in mRNA
extracts of endomyocardial tissue showed no differences at base-
line in all groups (early endomyocardial biopsies, Supplementary
material, Table S2), except for a small difference in MMP-9 expres-
sion in patients with non-ischaemic heart failure and controls (P ¼
0.01). More importantly, there were no differences in inflammatory
gene expression in early vs. late endomyocardial biopsies in all
patient groups (Supplementary material, Table S3). This indicates
that transcriptional changes are not responsible for the increased
cytokine release in heart failure patients.

Similar p65-nuclear factor-kB activity
during ischaemia
Since transcription of cytokines itself did not change, NF-kB was
measured as many of the myocardial released inflammatory med-
iators are under transcriptional control of this regulator. Myocar-
dial NF-kB activity was compared between the groups using
homogenates of paired endomyocardial tissue samples collected
in the early and late ischaemic period. Baseline values of NF-kB ac-
tivity were similar between the groups (P ¼ 1.00). No increase in
NF-kB activity was observed in early vs. late endomyocardial
biopsies (P ¼ 0.23, P ¼ 0.14, and P ¼ 0.89 for patients with
non-ischaemic heart failure, ischaemic heart failure, and controls,
respectively; Supplementary material, Figure S3).

More tissue macrophages and neutrophils
in heart failure patients
Immunohistochemical stainings were performed to evaluate
whether differences in inflammatory cell content caused differ-
ences in cytokine release between the groups. There was a signifi-
cant difference in CD68-positive and MPO-positive cells between
the groups in the early biopsies (Figure 4A). Post-hoc comparisons
indicated that the amount of macrophages was 3.8 times higher in
patients with non-ischaemic heart failure relative to controls

Figure 2 Illustration of our analysis method in patients with
non-ischaemic heart failure. Arteriovenous differences were used
to determine the release of inflammatory markers upon reperfu-
sion. The difference in the area under the curve of the arterial
and myocardial venous curves was assessed to quantify the net
release from the myocardium. A significant myocardial release of
interleukin-6 as well as monocyte chemoattractant protein-1 was
observed in patients with non-ischaemic heart failure upon reper-
fusion. Graph error bars represent mean+ SEM.
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(P ¼ 0.002; Figure 4B). Also the neutrophil content was 2.7 times
higher in patients with non-ischaemic heart failure compared
with controls (P ¼ 0.006; Figure 4C). T lymphocytes (CD3) were
sparsely present in all patient groups, with non-ischaemic heart

failure patients showing most T lymphocytes (P ¼ 0.04, NS). The
content of activated leucocytes (HLA-DR) was 3.5 times higher
in patients with non-ischaemic heart failure as compared with
both ischaemic heart failure and control patients, although not

Figure 3 Myocardial release of inflammatory mediators in patients with heart failure. Various inflammatory mediators were released by the
myocardium in patients with non-ischaemic (NIHF) and ischaemic heart failure (IHF) upon early reperfusion. No significant myocardial release
was observed in controls (Con). Graph error bars represent mean+ SEM. IL-1ra, interleukin-1 receptor antagonist; IL-6, interleukin 6; G-CSF,
granulocyte colony-stimulating factor; IP-10, interferon-inducible protein-10; MCP-1, monocyte chemoattractant protein-1; RANTES, regulated
upon activation, normal T cell expressed and secreted; VEGF, vascular endothelial growth factor.

Figure 4 Macrophage and neutrophil contents. (A) Early ischaemic endomyocardial biopsies of patients with non-ischaemic heart failure
(NIFH; A and D), ischaemic heart failure (IHF; B and E), and controls (Co; C and F) were stained for CD68 and myeloperoxidase (MPO). Rep-
resentative images are shown. Original magnifications ×200. (B) Macrophage content was higher in patients with non-ischaemic heart failure
compared with controls, P ¼ 0.002. (C) Neutrophil content was higher in patients with non-ischaemic heart failure compared with controls,
P ¼ 0.006. Graph error bars represent the mean+ SEM.

Heart failure determines the myocardial inflammatory response to injury 405



significant (P ¼ 0.06). No significant changes in macrophage or
neutrophil content were observed between the early and late bi-
opsies (Supplementary material, Figure S4).

Discussion
Since heart failure patients experience various systemic complica-
tions post-operatively, we evaluated which inflammatory mediators
are released by the myocardium and whether failing hearts differ
from non-failing hearts in local inflammatory responses. Besides
the expected systemic inflammatory response in all patients, our
results show that patients with pre-existing heart failure have a dif-
ferent and more pronounced myocardial inflammatory response
after cardiac surgery than controls. Myocardial IL-6 and MCP-1
were released in both non-ischaemic and ischaemic heart failure
patients. Furthermore, IL-10, G-CSF, and IL-18 were released in
patients with non-ischaemic heart failure, whereas patients with is-
chaemic heart failure showed a release of VEGF. This myocardial
release of various inflammatory mediators may cause systemic
complications with a resultant increase in morbidity and mortality.

Release of inflammatory mediators
Baseline values of the inflammatory markers were not statistically
different, although a trend was observed for higher levels in patients
with pre-existing heart failure. Various previous studies showed
higher cytokine values in patients with heart failure.7,8 However,
the opposite has been described as well by Vanderheyden et al.9

They showed a higher TNF-a and IL-6 expression in patients with
aortic stenosis with normal ejection fraction compared with patients
with dilated cardiomyopathy.

In our study, a difference in the myocardial inflammatory re-
sponse between the two most common types of heart failure
was observed, comparing non-ischaemic and ischaemic heart
failure patients. Patients with non-ischaemic heart failure showed
a more diverse and pronounced release of inflammatory mediators
than patients with ischaemic heart failure. The myocardial inflam-
matory response is, however, specific for patients with heart
failure, as controls did not show a myocardial release of inflamma-
tory mediators. This may indicate that controls are able to cope
with the stress associated with tissue reperfusion.

Mechanisms of the myocardial
inflammatory response
Mechanisms underlying the observed myocardial inflammatory re-
sponse in patients with heart failure were analysed in more detail.
Since troponin T values were similar between the groups, passive
secretion of inflammatory mediators via myocardial damage is un-
likely to be a possible cause of the differences. Secondly, similar ex-
pression of several inflammatory mediators was observed during
ischaemia between the groups. This suggests that the release of in-
flammatory mediators from pre-stored pools or circulating cells
may be responsible for the myocardial response in heart failure
patients. Moreover, no cellular activation by means of NF-kB activ-
ity was observed during ischaemia. NF-kB activity was already high
at baseline in patients with ischaemic heart failure, which might
explain why NF-kB activity could not increase further during

cardioplegic arrest. A more likely explanation for the myocardial
release of inflammatory mediators is the observed difference in
tissue content of inflammatory cells. Macrophages and neutrophils
can release inflammatory mediators such as IL-6, IL-10, IL-18,
G-CSF, and MCP-1,10,11 which were found to be elevated in our
study. Since no changes in transcription of these cytokines were
observed and that is likely to take longer, degranulation of pre-
stored cytokine pools is the likeliest explanation.12,13 The post-
reperfusion accumulation and activation of neutrophils in the post-
ischaemic myocardium in the first hours after initiation of myocar-
dial reperfusion have been described in animals.14 However, we
observed increased amounts of infiltrated neutrophils and macro-
phages already during early ischaemia. This may suggest the pre-
ischaemic presence of higher amounts of inflammatory cells in
the failing heart. During reperfusion, these tissue inflammatory
cells and their released chemoattractants may amplify the influx
of more inflammatory cells into the myocardium, thereby contrib-
uting to damage.

Clinical implications
It is evident that the clinical prognosis after cardiac surgery is influ-
enced by the balance between pro- and anti-inflammatory media-
tors. Elevated levels of various pro-inflammatory cytokines are
associated with adverse events after cardiac surgery.15 For
example, high circulating IL-6 levels correlate with hepatic and
renal dysfunction.16 It has been shown that IL-6, IL-8, and MCP-1
showed higher peaks and persisted longer in patients with a com-
plicated course after cardiac surgery in comparison with patients
with an uneventful recovery.10 In our study, no significant correla-
tions were found between any of the measured inflammatory med-
iators and intensive care unit or hospital stay.

The increased inflammatory cell content and release of inflam-
matory mediators in patients with heart failure stresses the poten-
tial of pre-operative anti-inflammatory therapy to attenuate the
inflammatory response post-operatively. This could contribute to
fewer systemic complications and therefore to a more widespread
use of cardiac surgical procedures in patients with heart failure.
Yet, clinical trials of anti-inflammatory therapies have failed to
show a benefit in patients with heart failure.17 We should there-
fore be cautious when intervening with cytokine pathways. In add-
ition to the detrimental role of inflammatory mediators, some also
appear to have protective effects depending on the presence of re-
sponsive cells, the timing, and the combination of released cyto-
kines. For example, both receptors of TNF have disparate and
opposing effects in mice with heart failure.18 TNFR1 exacerbates
and TNFR2 ameliorates NF-kB activation and inflammation.
In renal I/R injury, it has been shown that the role of IL-6 is not
straightforward either.19 A renal release of IL-6 was observed
upon reperfusion in human kidney transplantation, but neutraliza-
tion of IL-6 in mice undergoing renal I/R injury resulted in aggrava-
tion of tissue injury. Therefore, further clinical studies are needed
to determine the possibilities of pre-operative anti-inflammatory
therapy in patients with heart failure undergoing cardiac surgery.
To stress the multifactorial approach of treating patients
with heart failure even more, bone marrow dysfunction due to
inflammation20, renal insufficiency, and haemodilution also plays
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a major role in addition to myocardial and systemic inflammatory
responses.

Limitations
Since the aim of this study was to identify differences in the release
of inflammatory mediators between the groups instead of correl-
ating findings to clinical outcome, small patient numbers were suf-
ficient. However, this small sample size might have limited the
detection of minor differences (type II errors). The three patient
groups are inherently heterogeneous regarding clinical characteris-
tics. No adjustment for these inevitable differences were made.
One might consider the collection of pre-reperfusion biopsies
only as a limitation. However, a post-reperfusion biopsy could
not be collected since most of the included heart failure patients
were haemodynamically unstable in the early reperfusion phase.
Lifting the heart, to take a biopsy, was considered unsafe.
However, human vital myocardial tissue is not often studied
since most previous studies used post-mortem biopsies. Moreover,
there were also intergroup differences in aortic cross-clamp times.
However, no strong relationships between aortic cross-clamp
times and plasma inflammatory mediators were observed. In add-
ition, patients with non-ischaemic heart failure had the shortest
aortic cross-clamp times, but showed the most diverse release
of inflammatory mediators upon reperfusion. Finally, our explora-
tive study was not designed to evaluate inflammatory markers in
relation to clinical endpoints. Larger, preferably multicentre,
studies are therefore essential.

Conclusions
Patients with heart failure show a clear myocardial inflammatory
response upon reperfusion. This can be explained by degranulation
of pre-operatively infiltrated inflammatory cells in myocardial
tissue of failing hearts. In contrast, results in control patients indi-
cate that they can better withstand cardioplegic arrest and subse-
quent reperfusion without a myocardial release of inflammatory
mediators.

Supplementary material
Supplementary material is available at European Journal of Heart
Failure online.
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