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Abstract
Introduction: Long-term success of coronary artery bypass grafting is limited by progression of 
atherosclerosis in the coronary arteries as well as by occluding degeneration of the implanted con-
duits. Many mechanisms and bioactive molecules are involved in these processes. One of them is 
interleukin-8 (IL-8) that expression in vascular segments may impact on the late outcomes after 
surgery.
Our experience: This study involved 128 consecutive patients with the mean age of 64.9±9.7 years 
who underwent elective isolated coronary artery bypass grafting procedures in one cardiac surgi-
cal center. The most distal segments of saphenous vein and internal thoracic artery were taken for 
ultrastructural studies. The intensity of cytoplasmic expression of IL-8 on the vessel cross-sections 
was calculated by means of immunohistochemistry and immunoreactive score. The composite study 
primary end-point was defined if cardiac-related death, acute coronary syndrome or necessity to 
carry out coronary angiography due to progression of angina occurred. All survivors who reached 
the primary end-point underwent coronary angiography.
Immunostaining for IL-8 was positive on all venous sections whereas only in approximately 60% 
of arterial walls. During follow-up the primary end-point was reached by 23 individuals and in 22 
of them coronary angiography was carried out. Lesions obstructing implanted venous grafts were 
responsible for clinical deterioration in 18 subjects. In the wall of their venous segments, stronger 
expression of IL-8 was seen comparing to individuals without clinical signs of artery disease pro-
gression (p=0.042).
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Conclusion: Variability of interleukin-8 expression, one of the markers of inflammation, in the 
vascular wall of veins and arteries used as aortocoronary grafts may impact on the late outcomes 
following coronary artery bypass grafting. Stronger expression of proinflammatory cytokines may 
predict unfavorable clinical results.
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Streszczenie
Wprowadzenie: Korzystny wynik odległy operacji pomostowania aortalno-wieńcowego ogranicza 
nasilenie miażdżycy w tętnicach wieńcowych, jak również zmiany degeneracyjne wszczepionych 
pomostów. W procesy degeneracyjne zaangażowane są liczne mechanizmy z udziałem wielu bio-
logicznie czynnych cząsteczek. Jedną z nich jest interleukina-8 (IL-8), której ekspresja w ścianach 
naczyń może wpływać na późne wyniki pooperacyjne.
Nasze doświadczenie: Badaniem objęto 128 kolejnych chorych w średnim wieku 64,9±9,7 lat, 
których poddano planowym operacjom pomostowania aortalno-wieńcowego w jednym ośrodku 
kardiochirurgicznym. Najbardziej obwodowe segmenty żyły odpiszczelowej oraz tętnicy piersiowej 
wewnętrznej były pobierane do badań. Nasilenie cytoplazmatycznej ekspresji IL-8 na przekrojach 
poprzecznych naczyń szacowano na podstawie oceny reakcji immunohistochemicznej z użyciem 
skali immunoreaktywności. Za złożony kliniczny punkt końcowy badania przyjęto zgon z przyczyn 
sercowych, ostry zespół wieńcowy i/lub konieczność wykonania kontrolnej koronarografii z uwagi 
na kliniczne nasilenie objawów dławicowych. Wszyscy chorzy, którzy osiągnęli punkt końcowy 
byli poddani koronarografii. 
Na wszystkich przekrojach poprzecznych naczyń żylnych i jedynie około 60% tętniczych obser-
wowano ekspresję IL-8. W okresie obserwacji poszpitalnej 23 chorych osiągnęło punkt końcowy 
badania a 22 z nich miało wykonaną koronarografię. Zmiany zamykające pomosty żylne były od-
powiedzialne za pogorszenie stanu klinicznego w 18 przypadkach. W ścianie tych pomostów żyl-
nych obserwowano silniejszą ekspresję IL-8 niż w segmentach pobranych od osób bez objawów 
nasilenia choroby niedokrwiennej serca (p=0,042). 
Wniosek: Zróżnicowana ekspresja interleukiny-8, jednego z markerów stanu zapalnego, w ścian-
ie naczyń żylnych i tętniczych stosowanych powszechnie jako pomosty aortalno-wieńcowe może 
mieć wpływ na późne wyniki pooperacyjne. Silniejsza ekspresja prozapalnych cytokin może być 
niekorzystnym czynnikiem prognostycznym u chorych poddanych operacjom pomostowania 
aortalno-wieńcowego.

Słowa kluczowe: choroba niedokrwienna serca, zapalenie, interleukina-8, żyła odpiszczelowa, wyniki 
odległe

AORTOCORONARY GRAFTS FAILURE 
– POSSIBLE MECHANISMS

Long-term success of coronary artery bypass grafting (CABG) is limited by 
progression of atherosclerosis in the coronary arteries (coronary artery disease, 
CAD) as well as by occluding degeneration of the implanted aortocoronary con-
duits [6, 17]. Since left internal thoracic artery (ITA) has been considered as the 
best graft for many years, other native vessels, such as radial artery, right gas-
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troepiploic artery or saphenous veins (SVs) were always compared to ITA in the 
terms of either angiographic and clinical outcome [3, 5, 7]. Although SV grafts 
were to be inferior to ITA conduits, they have still been used commonly in the 
majority of the cardiac surgical centers [18].

Up to know, a number of theories have been proposed to explain superiority of 
ITA over the other vessels [9, 12, 13]. Many cell lines and numerous substances were 
tested to disclose pathological chain reaction eventually leading to degeneration of 
aortocoronary conduits [8, 10, 16]. Among them, interleukin-8 (IL-8) is one of the 
most potent chemokin taking part in vascular remodeling. It is produced predomi-
nantly by monocytes and tissue macrophages. IL-8 is released from macrophages in 
the atherosclerotic plaque after oxidized LDL or local hypoxic stimulation. This cyto-
kine is a potent chemoattractant of other pro-inflammatory cells such as neutrophiles 
and lympohocytes T to the site of vascular injury (denudation from endothelial cells) 
[4]. Moreover, it increases permeability of endothelium by down-regulation of thigh 
intercellular junctions [19]. IL-8 plays an active role in neutrophiles degeranulation, 
lizosomal enzymes leakage in extracellular space and promotes their cytotoxic activi-
ty [4]. Increased level of IL-8 was observed in patients with acute coronary syndrome 
induced by plaque rupture [1]. Aditionally, elevated baseline plasma concentrations 
of IL-8 were associated with an increased risk of long-term all-cause mortality in pa-
tients with acute coronary syndrome [2]. 

OUR EXPERIENCE

Our team have been interested in a search for optimal choice of vascular segments 
used during CABG procedures for many years. Having in mind aforementioned pos-
sible mechanism of vascular wall degeneration we would like to share our experience 
with assessment of IL-8 expression in the wall of venous and arterial segments applied 
routinely in CABG procedures. Moreover, we described the significance of variability 
of immunostaining for IF-8 on the outcomes following surgery. 

This study involved 128 consecutive patients (100 men and 28 women) with the 
mean age of 64.9±9.7 years (ranged 42 through 86) who underwent elective isolated 
CABG procedures in one cardiac surgical center in the years 2009-2011. Patients were 
qualified for surgery on the basis of coronary angiography.

STANDARD PROTOCOL FOR IMMUNOHISTOCHEMICAL 
ASSESSMENT OF PROTEIN EXPRESSION

During standard CABG procedures, the most distal surplus segments of SV and 
ITA of at least one centimeter long used as aortocoronary grafts were taken for ultra-
structural studies. Having in mind possible microinjuries of the harvested vessel walls 
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surgeons employed ‘no-touch’ technique and avoided using high-energy electrocau-
tery. Initially 134 patients were enrolled in the study but due to macroscopic abnor-
malities and accidental injury to SV, 6 venous segments were disqualified from further 
application both as the grafts and material for ultrastructural analyzes. Ultimately, 128 
segments of SV and ITA were saved for histological analysis.

Segments of obtained vessels that passed intraoperative macroscopic inspection 
were carefully rinsed with 0.9% NaCl at room temperature, immersed and then fixed 
in freshly prepared Bouin’s solution. The remaining preparatory steps for light micro-
scope examination were described in detail in our previous report [11]. All immuno-
histochemical analyses utilized the Dako REAL EnVision Detection System, Peroxi-
dase/DAB, Rabbit/Mouse, K5007 (Dako, Copenhagen, Denmark) and were prepared 
according to standard procedure [11]. Eventually, vessel sections were incubated with 
monoclonal anti-IL-8 antibody (dilution 1:50; Orb 22605, Bioryt Ltd., Cambridge, 
United Kingdom). The peroxidase reaction was developed using diaminobenzidine. 
Transverse sections of the arteries were observed and analyzed under a brightfield 
microscope-Olympus BX 50 (OLYMPUS Optical Europe, Germany) equipped with 
Mirax-Midi scanner (Carl Zeiss Microlmaging GmbH, Germany), coupled with Pan-
noramic Viewer, version 1.15.4, software (3DHISTECH Ltd., Budapest, Hungary).

The intensity of cytoplasmic expression of IL-8 on the vessel cross-sections was 
calculated by applying the semi quantitative immunoreactive score (IRS) scale ac-
cording to Remmele and Stegner method [15]. It takes into account the percentage 
of positive cells as well as the intensity of the color reaction and a final score ranged 
from 0 to 12 points, where the expression of protein is defined as negative (IRS 0-1), 
weak (IRS 2-3), moderate (IRS 4-6) or strong positive (IRS 8-12). 

Immunohistochemical assessment of IL-8 expression was carried out by two ex-
perienced histologists, through blind sample analysis, based on encoded numbers cor-
responding with the basic rules of positive and negative control. The negative controls 
were carried out in an identical way as in the experimental sample, with the exclusion 
of primary antibody replaced with normal mouse serum. 

All studied individuals after discharge from the Department of Cardiac Surgery 
and Transplantology were systematically follow-up. The composite study primary 
end-point was reached if cardiac-related death or acute coronary syndrome or ne-
cessity to carry out coronary angiography due to progression of angina according to 
CCS (Canadian Cardiovascular Society) classification occurred. All survivors who 
satisfied criteria of the primary end-point underwent coronary angiography and both 
native coronary arteries and grafts were assessed.

EXEMPLARY RESULTS OF OUR STUDY

During follow-up lasting 7.5±1.6 years four patients were lost (3.1%). The pri-
mary end-point was reached by 23 individuals. Seven of them died from cardiac 
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reasons (acute coronary syndrome (n=5) and progressive congestive heart failure 
(n=2)) and in other 16 progression of CAD was noted. Twelve-, 36- and 60-month 
survival free from CAD progression stratified according to Kaplan-Meier meth-
ods was 96.4±1.4%, 89.0±2.4% and 85.9±2.7%, respectively (fig. 1). Eventually, 
in 22 of studied patients check-up coronary angiography was carried out. Lesions 
obstructing implanted aortocoronary grafts were responsible for clinical deterio-
ration in 19 subjects, including 18 SV grafts. 

FIGURE 1. Probability of survival free from CAD progression



288 B. PEREK ET AL.

TABLE 1. Tissue expression of IL-8 on the vascular cross-sections. Authors’ experience

# IRS [points] IMA
[n=128]

SV
[n=128] P value

Whole wall 2 (1; 2) 4 (2; 4) <0.001

Tunica intima 2 (1; 2) 4 (2; 5.5) <0.001

Tunica media 2 (2; 4) 4 (2; 4) 0.002

Tunica adventitia 1.5 (1; 2) 4 (2; 4) <0.001

* IRS are expressed as median (25th percentile; 75th percentile)
Abbreviations: IRS = immunoreactive score; ITA = internal thoracic artery; SV = saphenous vein

FIGURE 2. Immunostaining of vessel wall for IL-8
Both vascular segments were harvested from the same patient (67-year old men with three vessels 
disease). Tissue expression of IL-8 on the ITA transverse section was minimal compared to SV one. In 
the SV wall, IL-8 expression was seen in all vascular layers. 
Abbreviations: Adv = tunica adventitia; Int = tunica intima; ITA = internal thoracic artery; Med = 
tunica media; SV = saphenous vein
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Tissue expression of IL-8 estimated according to Remmele method differed 
significantly between SV and ITA transverse sections (table 1). It applied not only 
to a whole wall but also to each vessel layer (fig. 2). Interestingly, immunostain-
ing for IL-8 was positive on all SV transverse sections whereas only in approxi-
mately 60% of ITA walls. ITA segments with no IL-8 expression (IRS 0-1) were 
obtained from older patients (67.3±8.4 years) than with positive immunostaining 
(61.5±10.6 years) (p<0.001).

Only in 2 ITA grafts occluding lesions were found thus statistical analysis was 
not possible. In the wall of SV segments obtained from the patients who reached 
the primary study end-point, stronger expression of IL-8 (4 (4; 5.5)) was seen 
comparing to individuals without clinical signs of CAD progression (3 (2; 4)) 
(p=0.042).

POSSIBLE SIGNIFICANCE OF VARIABLE 
IL-8 TISSUE EXPRESSION

Our study once again supported previous clinical observations that develop-
ment of occluding lesions in the aortocoronary grafts was the predominant reason 
of adverse outcomes in the late follow-up period after CABG [6]. The probability 
of survival free from cardiac-events is comparable to the other publications [17]. 

The strong point of our work was referring the histological findings to the 
clinical results of patients treated due to CAD. In our study it was showed, accord-
ing to our knowledge for the first time, that IL-8 tissue expression pre-existing 
before use of SV segments as aortocoronary grafts was associated with worse 
clinical results. Moreover, substantially lower tissue IL-8 activity in ITA segments 
may indicate resistance of arterial grafts to atherosclerosis or lower intensity of 
inflammatory processes as compared with venous conduits. These observations 
sounds logical as it was previously found IL-8 played a key role in increasing 
permeability by endothelium [19]. Thus, the harvested vascular segments with 
stronger pre-existing IL-8 expression are more prone to infiltration with proin-
flammatory cells and eventually occluding atherosclerotic plaque formation. 

Stronger expression in the SV segments that failed during follow-up period may 
indicate ongoing inflammation in the wall even prior to interposition into the arterial 
system. Up to now, only a few reports assessing IL-8 tissue expression or concentra-
tion in serum have been published. In one of them it was found that instable athero-
sclerotic plaques with signs of bleeding obtained intraoperatively from the carotid 
arteries had stronger expression of IL-8 than stable fibrotic lesions [14]. In another 
clinical report, higher serum IL-8 concentration was found to be an independent risk 
factor of death within 5-year follow-up after acute coronary events [2].
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It difficult to explain why ITA segments with stronger IL-8 expression were 
obtained from significantly younger patients. It may indicate that CAD subjects 
that required surgical treatment for advanced atherosclerosis in the younger age 
had presented more aggressive form of atherosclerosis featured, among other, by 
infiltration of pro-inflammatory cells that produced and released pro-inflammatory 
cytokines, including IL-8. It also another scientific proof that atherosclerosis should 
be treated as one the forms of chronic inflammation involving the vascular wall.

We are aware of limitations of our experience. Only patients with clinical 
symptoms of CAD progression, but not all examined individuals, had coronary 
angiography during follow-up period. Moreover, tissue expression of IL-8 was 
assessed with the use of immunohistochemical analysis of protein activity. Hav-
ing in mind all drawbacks of this histological method, two histologists with high 
expertise level in immunohistochemistry were invited to cooperation (MN, AM).

CONCLUSIONS

Expression of one of the proinflammatory cytokines, interleukin-8, in the vas-
cular wall of vessels used as aortocoronary grafts may impact on the late out-
comes after coronary artery bypass grafting procedures. Stronger expression of 
proinflammatory cytokines in the wall of vascular segments before their implan-
tation may predict unfavorable clinical results but it needs to be validated in a trial 
involving large group of patients follow-up for many years.
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